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Preamble

Treatment of locally advanced rectal cancer (LARC) is one of the biggest challenges 

in digestive oncology. Results depend on appropriate plan based on neoadjuvant 

therapy  and/or curative surgery. Customized therapy must consider also biological 

data and tumor1 chemoradiotherapy response, although their real utility is not yet well 

known and they are poorly predictable. Until new advances in knowledge will come, 

neoadjuvant chemoradiation followed by TME surgery and systemic chemotherapy 

still remains standard care for LARC. Identify prognostic factors in LARC treated with 

neoadjuvant chemoradiation has become a major goal of several studies and may 

contribute to clarify some issues that remain open, such as: which patients actually 

benefit from neoadjuvant CRT, how to identify CRT “poor responders” and how to 

recognize patients at high risk of recurrence. 

The pathological response plays a key role as a prognostic factor with therapeutic 

and survival implications. In this issue, and given the variety of tumor responses, it is 

essential to find a useful predictive model for the response to CRT to identify patients 

who will really benefit from this multimodal treatment. Nowadays, in LARC, treatment 

plan including surgery might be changed depending on CRT response with survival 

effects. 

Magnetic resonance imaging (MRI), positron emission tomography-computed 

tomography (PET-CT), serum carcinoembryogenic antigen (CEA), molecular 

biomarkers analyzed by immunohistochemistry and gene expression profiling are the 

most used predictive models in LARC. Because each parameter has its own inherent 

disabilities, combined models may be the future to predict the response. 

The present research is a reflection of the results obtained during the last 12 years in 

the treatment of the rectal cancer at Centro Hospitalar do Porto encompassed in a 
background of current international trends. This was only possible due to a 

synergistic and translational collaboration between surgeons, pathologists, cell 

biologists, radiologists and clinical oncologists, concerning this topic. 

1 On the text of the thesis we adopt North American medical English (NAmE) terminology because 
the published papers supporting this thesis are mainly written in NAmE language. 
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Chapter 1 

General  Introduction 

1. Colorectal Cancer  – Epidemiology

Colorectal cancer is the second most common malignancy in women and the third 

most common in men in the Western World, The incidence of colorectal cancer is 

increasing due to changes in lifestyle. The incidence of both colon and rectal cancer 

is higher in men than in women [1, 2]. Food intake rich in meat and fat and low in 

fiber is an important risk factor for the development of colorectal cancer. In addition, 

decreased physical activity, smoking and high alcohol consumption play an important 

role in the epidemiology of this disease [2]. The connection between lifestyle and 

colorectal cancer epidemiology is illustrated by the increased incidence of this 

malignancy in Third World countries adopting the western life style. The 5-years 

overall survival is approximately 50-60% [2].About 30% of these tumors are located 

in the rectum, which have prognostic and therapeutic implications, with treatment 

plan different from the colon, as described further. Factors prognostic for outcome 

after treatment of colorectal cancer can be roughly divided in tumor-, host- and 

treatment-related factors. Some tumors are more aggressive than others; this is, at 

least partly, reflected in tumor stage, type and differentiation grade as well as in 

molecular features. However, treatment is one of the most important factors for 

prognosis, mainly in locally advanced rectal cancer. With the proper treatment, even 

aggressive tumors can sometimes have an excellent prognosis. On the other hand, if 

even small potentially harmless tumors are not adequately treated, their prognosis 

can become poor. 

2. Surgery, Recurrence and Survival in Rectal Cancer – Historical
Notes

Surgery remains the primary therapeutic tool in the treatment of resectable rectal 

cancer, even if locally advanced [3]. Improvements in surgical technique at the end of 



Locally Advanced Rectal Cancer: Prognostic Factors and their Implications on Therapeutic and Survival 

Marisa Domingues dos Santos 
PhD thesis Page 15 

the 1990s, using careful sharp dissection of the mesorectal tissues (total mesorectal 

excision), led 5-year local recurrence rates of less than 10% [4-6]. The use of

neoadjuvant therapy allowed a further reduction of local recurrence but overall 

survival did not improve significantly due to the incidence of distant metastases that 

remains in the range of 25% to 30%. Only patients with good response to 

neoadjuvant therapy have a real increase in survival. Today, several studies try to 

identify this group of patients before starting the neoadjuvant therapeutic [7, 8].  

3. Locally Advanced Rectal Cancer and Therapeutic Plan

During the last few decades, we have seen major advances in the treatment of 

locally advanced rectal cancer (LARC) with improvements in survival and reduced 

local recurrence rates, probably because of changes in treatment strategies, surgical 

technique, multidisciplinary management and centralization in specialized units.  

In LARC, a correct therapeutic plan is crucial in final oncologic outcome. Multiple and 

complex aspects involving tumor, host and technical conditions must be considered 

in therapeutic design. Some of these features are discussed below.  

3.1 Rectum – Anatomic Aspects and Basic Concepts of Surgical Oncology 

Staging procedures, treatment plan and surgical approaches are distinct steps in 

primary rectal cancer and on colon cancer due to differences in these entities, mainly 

in anatomy and in metastatic patterns.  

The description of the upper and lower limits of the rectum is not similarly understood 

by anatomists or surgeons. Surgically is generally accepted that  the rectum has 12 

to 15 cm  length, with the recto-sigmoid junction  identified at the sacral promontory. 

The distal limit is the dentate line, the point in which the squamous mucosa  of  the 

anus  switches  to  the columnar mucosa of the rectum. It means that for the 

surgeon, the rectum is located below the peritoneal reflection [9]. 
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The rectum fills the sacral concavity and ends 2 to 3 cm proximal to the tip of the 

coccyx. It has three or more lateral curvatures, which correspond to transverse rectal 

folds in the interior of the gut. In the rectum lacks taeniae, epiploic appendices, 
haustra, and a well-defined mesentery, unlike the colon. The posterior wall close to 

the sacral hollow is entirely extraperitoneal while the upper rectum is surrounded by 

peritoneum, anteriorly and laterally, and on the middle third only anteriorly. The 

rectum is not suspended by a true mesentery. The “mesorectum” is perirectal areolar 

tissue that is thicker posteriorly and contains the terminal branches of the inferior 

mesenteric artery. The upper portion of the rectum lies above the peritoneal 

reflection. The anterior surface is covered by peritoneum (which forms the 

rectovesical pouch in men and the rectouterine pouch in women); there is no serosa 

over its posterior surface. The lower rectum lies beneath the peritoneum, and has no 

serosal layer. 

The blood supply enters the rectum posteriorly. The upper rectum is supplied by the 

superior rectal artery (SRA), a branch of the inferior mesenteric artery (IMA). The 

middle and lower rectum are supplied by the middle rectal artery and inferior rectal 

artery, branches from the internal iliac artery or the pudendal artery. 

The pathways for the lymphatic and venous drainage of the rectum are 

predominantly proximal and lateral. The lymphatic drainage of the upper two thirds of 

the rectum is along the pathway of the superior hemorrhoidal vein, proximal to the 

inferior mesenteric lymph nodes, and the paraaortic lymph nodes. The lymphatic 

drainage of the lower third of the rectum follows proximal and laterally along the 

middle hemorrhoidal vessels to the internal iliac lymph nodes. There are no 

communications between the inferior mesenteric and internal iliac lymphatics.  In 

women, lymphatic drainage above the dentate line also includes the posterior wall of 

the vagina and reproductive organs. Below the dentate line, the drainage proceeds 

the inferior rectal lymphatics to the superior inguinal nodes and the pathway of the 

inferior rectal artery. 

The preganglionic fibers via the sympathetic nerves course the branches of the IMA 

and the SRA to the left colon and upper rectum. The presacral nerves, which are a 

fusion of the aortic plexus and lumbar splanchnic plexus, innervate the lower rectum.  
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Just below the sacral promontory, the presacral nerves form the hypogastric plexus. 

The main hypogastric nerves enter the rectum laterally and carry sympathetic 

innervation from the hypogastric to the pelvic plexus, located on the lateral side of the 

pelvis adjacent to the lateral stalks, at the level of the lower rectum. 

The parasympathetic plexus emerges through the sacral foramen and joins the 

sympathetic hypogastric nerves at the pelvic plexus. Postganglion parasympathetic 

and sympathetic fibers innervate the left colon upper rectum via the inferior 

mesenteric plexus and directly to the lower rectum and upper anal canal. 

The location of a rectal cancer is identified by the distance from the dentate line. All 

pelvic nerves are located in the plane between the peritoneum and the endopelvic 

fascia and can be injured or transected during a rectal dissection.  

The main components for a curative resection in rectal cancer include performing a 

wide resection of the cancer by achieving histologically negative margins, and 

performing a total mesorectal excision (TME) through a sphincter-sparing procedure 

or an abdominoperineal resection (APR). Anorectal sphincter function can be 

preserved if it is possible to obtain a negative distal margin using a sphincter-saving 

approach. 

The main principles of the surgery include: 

-‐ Complete removal of the mesorectum, including the lateral and circumferential 

margins of the mesorectal envelope (figures 1-3). TME should be performed in 

patients with cancers located in the middle to lower third of the rectum [4]. For 

patients with cancer in the upper rectum, the TME should be performed to the 

level of 5 cm below the distal margin of the lesion. TME also allows the 

preservation of pelvic autonomic nerves, which reduces the risk of 

postoperative genitourinary dysfunction. 

-‐ Removal of the terminal branches of the inferior mesenteric artery (IMA) and 
the locoregional lymphatic system of the rectum. High versus low ligation of 

IMA in sphincter-saving operations (SSO) appears to be identical in functional 

results or outcome [10]. 

-‐ The use of sharp  and  meticulous  dissection  in the avascular  plane between 
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the parietal and visceral pelvic fascia. Conventional blunt dissection leads to 

the envelope mesorectal disruption, which has the risk for substantial 

hemorrhage and leaving residual pelvic tumor. 

-‐ The proximal, distal, and circumferential (radial) surgical margins of resection 

histologically free of cancer, to reduce the risk of a local recurrence. With 

advances in surgical techniques (eg, total mesorectal excision) and 
neoadjuvant therapy, distal negative margins of 1 cm are accepted [11]. A 5 

cm negative proximal margin is the generally accepted minimal margin to 

remove draining lymphatic and assure an anastomosis in well-vascularized 

bowel [22]. Circumferential margin > of 1mm is required [12, 13]. 

-‐ Resection of the rectal cancer can be performed using the open, laparoscopic, 

or robotic approaches, depending of surgeon experience. A temporary 

diverting stoma is sometimes used with a very low anterior resection to reduce 

the risk of symptomatic anastomotic leaks. 

-‐ Preservation of anorectal function, when possible, re-establish bowel 

continuity and provided the margin of resected specimen histologically 

negative on the final pathology report are the main goals after a radical 

surgery for rectal cancer . 

The tumor location in the rectum is, for the surgeon, one of the most important 

features to assess neoadjuvant treatment need and to select the type of surgery. 

Very low rectal tumors have been historically associated with worse prognosis and 

higher incidence of local relapse. This can be imputable to the anatomy and to the 

different surgery often required. The tumor level above the anus is one of selection 

criteria for preoperative radiotherapy. Patients with tumors in the upper rectum 

generally do not need this treatment. In fact, neoadjuvant therapy is necessary if 

tumor is located ≤ 12 cm from the anal verge.  

Circumferential resection margin (CRM) in rectal cancer surgery is another key point 

and an independent factor of prognosis [14]. Rectal tumor located below the 

peritoneal  reflection  besides  spreading   distally  within  the  mucosa  or  within  the  

muscularis  propria  can easily downward spread within the mesorectum (due  to  the 

absence  of  serosal  layer  in  rectal  wall that normally acts as tumor spread barrier). 
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For this reason, surgery with total mesorectal excision (TME) is advocated in tumors 

in the medium or lower third of the rectum preceded by neoadjuvant therapy if tumor 

lies within <2 mm for the fascia mesorectal (figure 4 and 5), given the high risks of 

positive CRM with elevated rate of local recurrence and poor prognosis [12, 13]. 

These general procedures are owed to the increased risk of local recurrence in low 

rectal tumor. 

3.2 Rectal Cancer Stage 

Pathologically, rectal cancer can be characterized by type, grade and stage, all 

related with tumor prognosis.  The majority of rectal carcinomas (approximately 90%) 

are classified as adenocarcinomas.  The remaining are mucinous carcinomas (9%) 

and some very rare epithelial tumor types (less than 1%) such as signet ring cell 

carcinomas, adenosquamous carcinomas and undifferentiated carcinomas. 

According to the World Health Organization (WHO) guidelines, a tumor is classified 

as mucinous when the proportion of the mucinous component is ≥ 50%. Tumor grade 

is traditionally classified as undifferentiated, poorly, moderately or well differentiated 

according to the WHO guidelines. The classification of the tumor grade is based on 

the percentage of gland formation. 

Staging of rectal tumors is still based on the system devised by Dukes in the 1930’s. 

He described the 2 main components; invasion depth and nodal status. In later 

years, the distant metastases were added as a third component and this formed the 

basis of the current Tumor, Node, Metastasis (TNM) systems of the International 

Union Against Cancer (UICC) [15]. Combinations of these three components are 

grouped in 4 stage categories, having each a different prognosis. The TNM system is 

one of the most classic tumor-related prognostic factors. 

There are various  clinical  definitions for locally advanced rectal cancer (LARC). This  

term can classify only T4 or tumors  threatening mesorectal fascia (distance between 

tumor   and  mesorectal  fascia < 2 mm),  but   generally  it  has  a  broader  meaning 

encompassing all rectal cancer with stage II (T3N0M0) or III (T1-4N1M0). The last 

definition  covers  the  main  group  of  rectal  cancer  that  can potentially benefit with 
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neoadjuvant therapy and for that reason was adopted and used in this study. 

3.3 LARC  and Clinical Characteristics 

In LARC three main clinical characteristics define high risk patient: mesorectal tumor 

distance, location and tumor stage. Besides tumor location, degree of bowel wall 
invasion of the primary tumor (T classification), lymph node status (N classification) 

and circumferential resection margin are currently the most reliable indicators of the 

risk of local recurrence and distant metastasis in rectal cancer. Today, the option and 

eventually the choice of neoadjuvant therapy modality is based on these parameters 

assessed by magnetic resonance imaging (MRI). 

The precise clinical indications for neoadjuvant therapy vary /between centers, but 

this treatment modality is most commonly considered for patients with a number of 

adverse features, including those with rectal cancer in whom preoperative staging 

reveals extramural tumor growth that ‘threatens’ or involves the mesorectal excision 

plane. 

3.4 Neoadjuvant Therapeutic Models 

Radiotherapy (RT) is a treatment modality that can be performed before surgery for 

rectal cancer to decrease the local recurrence rate. Patients undergoing RT receive 

ionizing radiation generated by a linear accelerator. The treatment beams are 

directed and shaped by dedicated treatment planning software in such a way that the 

tumor receives sufficient dose, while the dose to surrounding healthy tissue and 

organs is limited. Certain chemotherapy agents help sensitizing radiation in the 

neoadjuvant setting 5-fluorouracil and in selected cases also oxaliplatin. These drugs 

are designed to impair the mitotic part of the cell cycle, required for cell division. 

Currently, neoadjuvant  therapy  is  offered to patients with stage II or III rectal tumors 

located  up  to  12 cm  from  the  anal  verge, as  no  significant  advantage  has been 

proved in earlier stages or higher-located tumors [16]. 
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Over  the  last  two  decades, advances  in new treatment strategies have contributed 

significantly to the improvement of the outcome of patients with locally advanced 

rectal cancer (LARC). Preoperative chemoradiotherapy (CRT), in comparison with 

postoperative combined modality therapy, improves local control, treatment 

compliance, sphincter preservation, toxicity profile and disease free survival [17, 18]. 

Today, two modalities of preoperative radiotherapy are effective: five preoperative 

fractions of 5 Gy with immediate surgery - preoperative radiotherapy regimen (short-

course radiotherapy) and preoperative conventionally fractionated chemoradiation 

with delayed surgery - "long-course" preoperative 5FU-based chemoradiotherapy 

might be considered as alternatives for patients with resectable lesions. Differences 

in survival, local recurrence rate, incidence of distant metastases and late toxicity 

were not significant on patients who received short-course radiotherapy and those 

who received chemoradiotherapy. Both prevent a proportion of patients from 

developing local recurrence rather than merely delaying the event. 

Although preoperative short-course regimen has been the preferred treatment in 

Northern Europe and Scandinavia, in North America and in some European 

countries, preoperative 5FU-based chemoradiotherapy long-course has become the 

chosen treatment. 

The short-course radiotherapy is a  low cost-effective way to deliver treatment, since 

it uses only five fractions of radiation. Lower early toxicity, better compliance and 

lower cost than preoperative chemoradiation make it interesting. Additionally, short-

course preoperative radiation with  a long  interval to  surgery is a valuable option for 

elderly high-risk patients [19]. 

Fluorouracil (5FU)-based chemoradiotherapy long-course is related with higher rate 

of  tumor  downstaging  and  higher  rate   of   complete   pathological response. This  

makes chemoradiotherapy more attractive in high risk patients (low tumors and when 

mesorectal fascia is threatened) [20]. The aim of neoadjuvant CRT in these patients 

is to reduce the tumour stage, increase the likelihood of achieving complete surgical 

tumor clearance and therefore reduce the risk of local tumor recurrence, present in 

the  called “good responders”.  A  complete  pathological  response,  when  achieved, 
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improves survival. In such case a ”watch and wait” policy can be adopted. The 

present difficulty is to predict tumor response in order to select patients for one or 

another type of radiation.  

However, at the present, the 5FU-based CRT is standard scheme, a 5FU plus 

oxaliplatin-based chemotherapy may be more effective. The recent data from two 

large randomized trials (CAO/ARO/AIO-04, ADORE) aimed to compare 5FU with 

5FU plus oxaliplatin-based chemotherapy. They found a disease free survival (DFS) 

benefit for patients treated with the combination compared with 5FU alone [21, 22]. 

5FU-based chemoradiotherapy is used in Centro Hospitalar do Porto as the primary 

choice schedule for resectable locally advanced rectal cancer. 

3.5 Surgery Options and Oncological Principles 

Surgery remains the major component of the treatment for rectal cancer patients. 

Low anterior resection (LAR) with total mesorectal excision (TME) is the surgery 

performed more often and may be considered the current gold standard for the 

surgical treatment of invasive cancer in the mid and lower rectum. Compared to 

conventional LAR, this technique resulted in a significant decrease in the number of 

local recurrences and consequently improved disease free survival. The improved 

local recurrence rates with TME may be endorsed to the increase of improved lateral 

clearance with removal of potential tumor deposits in the mesentery, as well as a 

decreased risk of tumor spillage from a disrupted mesentery.  

The efficacy of TME is however also found to be highly dependent on the specific 

experience  of the  surgeon with the technique. Concerning LARC, this approach has 

proved to be insufficient to maintain levels of locoregional recurrence between 4 and 

7%, thus requiring LARC neoadjuvant therapy [23, 24] The review realized by 

Archampong et al. focused this aspect and the result of such review gives evidence 

that higher volume of tumor mass extirpated  by surgeon is associated with better 

overall survival, lower permanent stoma and abdominoperineal excision (APE) rates 

[25]. 
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Abdominoperineal  excision (APE) is the standard surgical treatment for patients with 

distal rectal cancer in whom an anterior resection with anastomosis (AR) cannot be 

performed. However, besides the permanent colostomy, local recurrences are more 

common after abdominoperineal excision (APE) than after LAR [26, 27]. For this 

reason, in the last years there was a decrease of APE with increase of LAR in high 

volume surgery centers [28, 29]. 

The surgical trends procedure is to do a sphincter-saving surgery, which comprises 

LAR and intersphincteric resection (ISR). The ISR technique has been used in 

specific situations to extend the opportunity for sphincter preservation in patients with 

very low rectal cancer, preserving oncological principles [30-33]. 

When an APR is unavoidable, an alternative extra-elevator abdominoperineal 

excision (ELAPE) should be considered, to reduce the local and distant recurrence 

risk [34, 35]. The aim of ELAPE is to create a cylindrical specimen without a ‘waist’, 

to minimize the risk of tumor involvement of the circumferential resection margin 

(CRM) and to reduce the risk of intraoperative tumor perforation. Involvement and 

incidental perforation in rectal cancer surgery are important risk factors for poor 

oncological outcome [26, 36]. 

The laparoscopic or robotic approaches, are today considered oncologically safe and 

the transanal laparoscopic mesorectal dissection for low tumor is being assessed 

[37]. 

As discussed later in this thesis, the “wach and wait” policy remains controversial [38-

40] and is limited to the patients with complete pathological response [41].

3.6 Adjuvant Therapeutic Models 

Neoadjuvant CRT followed by standardized radical surgery with TME has been 

established as the ‘gold standard’, bringing a > 70% decrease in loco-regional 

recurrences. However, it has failed to improve metastatic recurrences and overall 

survival (OS) [24]. The use of adjuvant chemotherapy (ACT) in these patients, 

claimed theoretically as decreasing distant recurrences is still controversial.  
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Over  the  past  few  years,  several   studies   have  attempted   to  demonstrate  the 

efficiency of ACT in rectal cancer patients and to identify factors that help to define 

patients that might benefit from such treatment. Nevertheless  many discrepancies 

persist in the conclusions of the various trials available. This is due to: heterogeneity 

of inclusion criteria (particularly the use of cTNM or ypTNM classification); inclusion 

of high placed rectal tumors; difficulties in trial recruitment, resulting in a lack of 

statistical power at the time of statistical analyses; and variations in both preoperative 

and adjuvant regimens. 

For that reason, international recommendations are not unanimous. The delivery of 

ACT with a 5FU regimen is recommended by the US National Comprehensive 

Cancer Network (NCCN) guidelines for all patients with LARC undergoing 

neoadjuvant RCT, regardless to the histopathological results after surgery [42]. The 

European Society for Medical Oncology (ESMO) suggests ACT for ‘high-risk’ stage II 

and III tumors, as in colon cancer treatment strategies [43]. In contrast, the French 

National Guidelines (www.TNCD.org) recommend adjuvant treatment only for ypT1—

4N+ and ypT4N0 tumors. 

The use of ypTNM (tumor node metastasis) pathological staging, rather the cTNM 

clinical classification, in order to decide on the use of ACT could avoid the treatment 

in 47% of cases. ; this guidance has been used in recent trials and in clinical practice 

[44, 45]. 

Nowadays, adjuvant chemotherapy is usually recommended, although there is 

controversy about patients who have been rendered node negative in the resected 

specimen  after   neoadjuvant  therapy.  But  it  seems  that  patients who reached yp 

stage I tumors or histological complete response do not benefit from adjuvant 

therapy. On the other hand, the FOLFOX chemotherapy regimen should be proposed 

for yp stage III patients, and may be considered for yp stage II tumors in fit patients 

with high-risk factors [44, 46]. 
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4. Tumor Response to Neoadjuvant Therapy

In LARC treated with chemotherapy followed by curative surgery, tumor response is 

a  key point in therapeutic plan and in prognostic. Only good responders benefit with 

this kind of treatment and have better survival [7, 8].  

Tumor response to neoadjuvant CRT can induce cytoreduction and downstaging of 

the lesion detected in preoperative by MRI (figures 4-7) and also may cause 

histological changes assessed in surgical specimen.  

The assessment of tumor response usually is measured by post-treatment 

pathological stage (ypT and ypN) and tumor regression grade, although other 

parameters may be useful, as it will be discussed later. 

Tumor regression varies among patients with rectal carcinoma after preoperative 

CRT. Some tumors demonstrate pCR, whereas others show either intermediate 

regression or even complete lack of response. Various factors seem to determine 

pathologic tumor regression, including radiotherapy dose and schedule, interval of 

time between candidates’ preoperative CRT and surgery, and combination of those 

with chemotherapy. 

Neoadjuvant treatment response may serve not  only as an indicator of prognosis but 

also as an indicator of subsequent adjuvant chemotherapy [47]. Furthermore, 

complete response patients have favorable outcomes and additional gains from 

adjuvant chemotherapy seems uncertain. Such early response indicator will also 

enable us to select patients with poor prognosis for studies of treatment 

intensification, without  subjecting  patients  with  good  prognosis  to  potential added 

toxicities. Thus, the patients most likely to benefit from such treatments can be 
targeted. 

Post-treatment pathological stage and tumor regression are used in the majority of 
studies as the benchmark for comparison with newer biomarker. 
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5. Assessment of Tumor Response – Tumor Regression Grade
Scales

Several studies have suggested that the degree of tumor regression may be of high 

clinical  relevance because it could be used as a treatment monitoring and prognostic 

parameter. 

Tumor regression grades evaluate tumor response to neoadjuvant treatment, mainly 

in CRT. There are several tumor regression scale systems trying to quantify the 

response to CRT and proposing levels with different prognostic values assumption 

[48-52]. 

In order to quantify neoadjuvant CRT response, several grades can be used, being 

particularly important in situations where the pathological response is not complete. 

Most of them have 3 to 5 levels, allowing group creation according to the responses. 

[47, 50-53]. Common to all these scales is the analysis of the relative percentage of 

residual tumor cells and the fibrosis degree. The relative value assigned to each 

parameter is variable (table 1 and 2). 

There is no consensual regression grading system for the analysis of resected tumor 

specimens, after neoadjuvant chemoradiotherapy. A common, largely accepted, 

standardized and validated TRG system does not exist, so the published systems 

vary in definition of categories, interfering with the results of studies. This lack  of 

consensus prevents clinical management and leaves clinicians without a uniform 

scoring regression system that could guide their decisions. Moreover, the clinical 

significance of less than complete tumor regression (i.e., intermediate or poor TRG) 

remains to be determined. 

Nevertheless, tumor  regression is  included  as  a  prognostic factor in the 7th edition 

cancer staging manual of the American Joint Committee on Cancer (AJCC) [15]. 
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6. Prognostic Factors in LARC: Impact in Neoadjuvant Therapy and
in Surgery

Some   clinical   factors   are  predictive  of  poor   outcome  and  are  the  reason  for 

neoadjuvant  therapy, manly: clinical stage, distal location and mesorectal fascia 

threatening by tumor. Tumor response assessed by tumor downstaging and TRG is 

the main potential prognostic factor having a predictive value of tumor evolution. In 

such a way, predictive factors of tumor response are included in prognostic factors.  

Nowadays, a complete pathological response may change or avoid a surgical 

procedure with the adoption of a “watch and wait” policy [41, 54]. On the other hand, 

CRT in poor responders is not beneficial and valid therapeutic alternatives are 

necessary. 

In LARC  treated with CRT followed by curative surgery, the factors with potential 

prognostic value are the traditional clinicopathological variables and the molecular 

markers based in carginogenesis pathways. Nevertheless, and despite numerous 

studies, the results remain contradictory. 

6.1 Clinicopathological  Variables in LARC 

6.1.1 Age and Gender 

In some studies advanced age [55] and male gender are related with worst 

prognostic in LARC.  This last aspect may be due to the narrow pelvis in male 

making more difficult in surgery to achieve safe lateral margins in resected specimen. 

6.1.2 Tumor Characteristics: Weight, Location, Clinical Stage and Distance to 
Mesorectal Fascia Tumor by MRI Evaluation  

Tumor circumferential extent greater than 60% was associated with lower pCR in a 

study of 562 patients treated with concurrent radiotherapy +/− chemotherapy (5FU in 

77% and Uracil with Tegafur in 2%) [56]. 
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Large weight, low location, cT4 and distance to mesorectal fascia less than 1 mm are 

factors that can make curative surgery harder to get. This will include a higher 

proportion of patients with very low rectal tumors by a paucity of mesorectal adipose 

tissue and in whom surgical tumor clearance at the circumferential margin is more 

difficult. The impact of this parameter depends on LARC of neoadjuvant therapeutic 

tumor response and for this reason they may have no influence on survival. 

6.1.3 Carcinoembryonic Antigen (CEA) Level 

Studies  have  consistently  demonstrated  that low  preoperative  levels of CEA have 

been associated with more favorable tumor response, most using 5 ng/ml as the cut-

off value [57-60]. Low pre-CRT CEA (CEA-pre) levels with different cut-off values 

have been associated with good tumor response or ypCR, while in others studies 

only found predictive value for response to CRT in post-CRT CEA (CEA-post) levels. 

The CEA ratio (defined as CEA-post divided by CEA-pre) could also be used as a 

predictor for ypCR.  

Compared with other potential prognostic and predictive markers, measurement of 

serum CEA levels is inexpensive, widely used and easily performed. Nonetheless, 

different studies used different cut-off values and most studies did not mention the 

sensitivity and specificity of CEA-post as a predictor for CRT response. However, this 

has not been used to stratify treatment strategies because it lacks sensitivity and 

specificity. Studies that have adopted a nonoperative approach after a treatment with 

post long course chemoradiation have not included CEA levels as determinants for 

treatment plan [61].  

6.1.4 Biopsy Tumor Characteristics: Grade Tumor and others Histological 
Characteristics. 

The biopsy characteristics, namely differentiation grade, mitoses number, necrosis, 

inflammatory and desmoplastic reaction amount and mitosis number are variables 

that can interfere with CRT tumor response, but biopsy is a very small percentage of 

the total volume of the whole tumor and tumor can be heterogeneous – then the 
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biopsy may not be representative of tumor biology. Most of the studies do not 

attribute prognostic value to the biopsy characteristics. 

6.1.5 Immuno and Inflammation-Based Prognostic Systems: Neutrophil-
to-Lymphocyte Ratio (NLR), Platelet-Lymphocyte Ratio (PLR) and the 
Serum Levels of C-Reactive Protein (CRP) 

There  is increasing evidence that the clinical effect of neoadjuvant chemoradiation is 

dependent on host conditions. The radio sensitivity depends not only on the 

biological characteristics of tumor cells but also on the tumor microenvironment [62].  

Since blood cell counts in peripheral blood are considered to reflect environmental 

host factors in rectal tumor, they have been well studied as inflammatory markers 

and predictors for outcomes in colorectal cancer patients. 

The systemic inflammatory response (SIR), which is thought to be secondary to 

hypoxia or tumor necrosis, is associated with the anti-apoptotic characteristic of 

cancer cells and has been shown to be a reliable biomarker of outcome in a variety 

of malignancies [63].  

The neutrophil-to-lymphocyte ratio (NLR) and the platelet-lymphocyte ratio (PLR) are 

two further representative indices of systemic inflammation, and their prognostic 

value has been studied in many types of cancer [64, 65], including colorectal cancer 

[63, 66, 67] or even in rectal cancer as a single entity [68]. 

The number of circulating lymphocytes is very prone to be affected by various factors 

such as age, nutrition and chronic stresses. In LARC treated with CRT, this value can 

reflect the total condition of the host to fight with the cancer and can also be a good 

marker to tumor response to underwent RT [62, 69, 70]. Lymphocyte-mediated 

immune reactions are supposed to have positive roles on clinical response in 

radiotherapy for rectal cancer. Lymphocytes are reduced significantly during 

treatment, which may provide an opportunistic microenvironment for tumor cells to 

proliferate. The lymphocyte ratio before CRT is not largely affected by the timing of 

the blood sampling and so it can be a good prognostic marker [70, 71].   
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Neutrophil counts showed inverse correlation with tumor response. Previous studies 

have shown that neutrophils can suppress the T cell response through the production 

of reactive oxygen species (ROS), nitric oxide (NO) and arginase. This may suggest 

that the presence of acute inflammatory response during CRT causes the 

suppression of lymphocyte-mediated immunity through the increased circulating 

neutrophils and thus elicits the unfavorable effects for tumor response. Tumor 

response was higher in cases with high lymphocytes and low neutrophils in blood 

circulation [72]. 

High C-reactive protein and fibrinogen are also predictors of poor response. The 

evaluation of CRP may also provide useful information on prognosis in patients with 

rectal cancer submitted to neoadjuvant CRT that have an inadequate examination of 

lymph nodes [73]. In some studies, elevated pretreatment NLR, PLR and CRP are 

independent predictors of worse overall and disease free survival. These values prior 

to radiation may serve as new parameters predicting tumor responses to CRT. 

However the clinical significance of these parameters has not been completely 

understood. 

6.1.6 Interval of Time between  CRT and Surgery 

Tumor regression grade after neoadjuvant CRT depends on tumor biology, CRT 

scheme, and also on the time interval between the end of CRT and surgery. An 

interval between the end of CRT and surgery is required for tumor regression. Tumor 

response is better with surgery delay after CRT – the percentage of ypCR can be 

improved if the number of weeks between CRT and surgery were increased from 8 to 

12, as shown in recent studies [74-76]. 

This way, the percentage of complete pathological response (ypCR) after 

neoadjuvant CRT range may reach the 25% of cases with better survival [77]. 

Intervals longer than 12 weeks are not recommended. There is a potential risk of 

subclinical tumors emergence growing faster than the primary tumor and so it can 

occur an increased risk distant metastases development [78, 79]. Also, fibrosis that 
could be established may lead to surgical technical difficulties, with increased 

morbidity.
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6.1.7 Tumor Response and Tumor Downstaging after QRT and before 
Surgery: Evaluation by MRI or by PET-CT

Tumor response and tumor down staging may be assessed before surgery by 

magnetic resonance imaging (MRI) evaluation [80, 81] and by positron emission 

tomography-computed tomography (PET-CT) [82, 83]. As already mentioned, MRI 

(figures 4-7) and PET evaluation are the most promising clinical parameters with 

potential predictive tumor response and with prognosis value [84]. Radiologic findings 

such as tumor detection by the microcirculation with dynamic T(1) mapping method 

using magnetic resonance imaging and the maximum standardized uptake value 

(SUV) for 2-deoxy-2[18F]fluoro-D-glucose (18-FDG) have been suggested to be 

useful for response prediction [85]. 

6.1.8 Surgical Procedure 

Outcome after abdominoperineal excision (APE) is traditionally worse than after LAR 

[55]. Oncological clearance in APE is considered to be inferior to low anterior 

resection with higher rates of circumferential resection margin (CRM) involvement 

and subsequent increased risk of local recurrence [86]. This may be related with 

anatomic aspects and also with tumor lower location. In the early 1980s, with the 

accessibility to staplers, APR’s rates decreased and later, in 1990s, the 

implementation of total mesorectal excision (TME) further decreased APR’s from 60% 

with conventional  surgery, to 30% with TME. More recently, reducing further the 

distal  margin  to 1 cm  was  established  to  be  appropriate  for  98% of  the patients 

submitted to neoadjuvant CRT followed by surgery with TME [87-89].  Specialized 

surgeons are now performing a sphincter-saving resection (SSR) for tumors located 

at the top of the anal sphincter, using an intersphincter anal dissection to bring the 

distal margin at the dentate line [30, 90-92]. When APE is unavoidable, the advent of 

cylindrical APE and related techniques (ELAPE) allow lower rates of CRM 

involvement and lower rates of intraoperative tumor perforation, as already discussed 

[34, 93]. 
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Nowadays, all these reasons contribute to the controversial discussion whether the 

type of surgery is a risk factor for oncologic outcomes in patients with low rectal 

cancers [86]. 

6.1.9 yp Tumor Stage 

The main target of a cancer staging system is its ability to provide an accurate 

prognosis and to guide appropriate clinical decisions regarding postoperative 

management and follow-up. Currently, the most widely used staging system is the 

tumor-node-metastasis (TNM) classification system. The TNM staging system 

classifies patients into prognostic groups according to the depth of the primary tumor, 

the presence of regional lymph node (LN) metastases, and evidence of distant 

metastatic spread. 

Several studies have demonstrated the importance of pathological stage (ypT and 

ypN) [47, 94-97]. Pathological staging after neoadjuvant CRT provides one of the 

strongest prognostic indicators for outcome [98]. On the contrary, preoperative 

staging was much less useful for prognostic. This relative importance of pathological 

stage over preoperative stage has been reported previously by several authors [99-

101]. It is possible that the residual tumor size is an indicator of tumor biology and 

lesions with more resistant clones are more likely to manifest as systemic  disease. 

Final  pathological   stage   is   an   early   response   indicator   for   long-term  

outcomes that provides better prognostication than clinical stage does. 

By  using  multivariate  analysis  Roy et al.  found  the ypT stage  a  highly  significant 

predictor of both DFS and OS and was an independent predictor of DFS [102]. Other 

reports demonstrated the clear prognostic role of preoperative ypN category [47, 101, 

103, 104]. 

Nevertheless, the value of the pathologic nodal status may have limitations when the 

number of dissected nodes are low [105]. The TNM staging system for rectal cancer 

uses the absolute number of positive LNs. The greater the number of positive LNs 

retrieved, the higher the stage and the worse the prognosis [47]. There have been 

several   recommendations   for   the  minimum  number  of  LNs  to  be  found  when  
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dissecting colon or rectal specimens. The current guidelines established by the 

American Joint Committee on Cancer recommend the assessment of R 12 nodes for 

accurate staging. Despite the efforts of surgeons and pathologists, several factors 

could influence LN retrieval, such as age >60 years, obesity, female sex, small tumor 

size, poor differentiation grade, the absence of a lymphoid reaction, and neoadjuvant 

CRT [106]. Patients who receive preoperative neoadjuvant CRT before rectal cancer 

surgery frequently have < 12 LNs retrieved, despite the maintenance of all surgical 

standards [107].  

The relevance of the 12-node threshold has been questioned for patients with rectal 

cancer who have received neoadjuvant therapy prior to resection. In several studies 

the ypN stage was the only significant independent predictor of OS and lower nodal 

counts in this setting have not been associated with under staging or inferior survival 

[102, 108, 109]. To overcome the hypothetical limitation of this metastatic LN 

number–based nodal staging, the MLNR (metastatic lymph node ratio) has been 

introduced as an alternative method and confirmed as having prognostic value in 

colon and rectal cancer [110]. In Madbouly et al. data, the MLNR is an independent 

prognostic factor for recurrence and survival after resection of stage III rectal cancer 

with high sensitivity and specificity in patients who receive neoadjuvant CRT and 

postoperative chemotherapy. In this study, the total number of LNs retrieved did not 

affect the prognostic value of the MLNR, even if < 12 [111]. 

6.1.10 Tumor Regression Grade 

Treatment response after neoadjuvant CRT may provide the opportunity for risk 

stratification that will guide further management. The prognostic importance of 

pathological tumor response according to several standard grading criteria has been 

studied extensively. 

Tumor regression can range from zero evidence of treatment efficacy to a complete 

response (ypCR) with no viable tumor cells identified (figure 8). It is well established 

that patients with pCR after chemoradiation have better long-term outcomes than 

those  without pCR [77, 112, 113]. Complete pathological response leads to excellent 
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locoregional management as it provides an increase in survival for stage I values, i.e. 

90% at 5 years [113-115]. In most of the studies only the presence of a pathological 

complete response is correlated to better long outcome and survival improvement 
[112]. Based on these data there are centers that in case of a ypCR advocate a 

policy of "watch and wait", reserving surgical resection only for cases of “tumor 

escape”. The published results of these centers refer survival rates equal to or 

greater than those achieved in ypCR patients with resection [116, 117]. 

Complete response, however, accounts for less than one third of the patients, and 

most of the patients present either partial or no response at all. The prognostic value 

of partial or near complete response (figure 9) is an important topic and research is 

still underway [8, 47, 118]. 

While there is substantial data regarding the relationship between ypCR and 

improved oncologic outcomes, the prognostic significance of “near complete” 

response to CRT has not been extensively evaluated [8]. 

One explanation for the good prognosis after pCR and near complete response is 

that this type of tumor’s response to chemoradiation is indicative of a prognostically 

favorable biological tumor’s profile, with less propensity for local recurrence and 

distant metastases and a better survival than for patients with less response. 

6.1.11 Tumor Differentiation,  Lymphovascular and Perineural  Invasion, 
Extramural Venous Invasion, CMR Involvement , Oncotic Changes 

Poorly differentiated or undifferentiated adenocarcinomas do not form well-defined 

glandular structures, consisting predominantly of sheets of infiltrating cells, often with 

marked cellular atypia, pleomorphism and a high mitotic rate. On the other hand, 

when tumor produces mucin, the presence of extracellular mucin dissects through 

the tumor’s wall, aiding its local extension. These aspects are consistent with results 

shown in some studies, where high-grade tumors were associated with worse 

survival and/or with unresponsiveness to neoadjuvant CRT [55, 119]. 

Lymphovascular, perineural  and extramural invasion are other characteristics when 

present, may be correlated with worse outcome [120]. 
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A positive CRM (defined as microscopic tumor present 1 mm or less from the radial 

margin – figure 10) is  an  independent  predictor  of  local recurrence and decreased 

survival [55, 121]. Risk for CRM positivity increases with more advanced T and N 

stage. The quality of surgery as identified by the proper plane of dissection, also 

plays a key role in CRM positivity. Many authors consider that, when CMR 

involvement is present, surgery is no more curative and likelihood of local recurrence 

is very high [122]. 

Oncocytic change has been recently investigated as a morphological feature of 

interest in rectal adenocarcinoma. Oncocytic change (OC) in residual tumor after 

neoadjuvant CRT has been described as a reflection of cytotoxic damage or cellular 

hypoxia induced by chemoradiation. There were oncocytic changes in the residual 

tumor, but not  in preoperative biopsies or in resected tumor who did not receive 

chemoradiation. No one has yet tried to assess any functional implication or clinical 

relevance of this change in the tumor cells. A statistically significant correlation 

between OC and clinical outcomes has not yet been found [102]. 

6.2  Molecular Markers in LARC for Response Prediction or with Potential 
Prognostic Value (Carginogenese Pathway) 

Many biomarkers have been investigated and compared against the current standard 

of TRG. These include tumor tissue biomarkers of either biopsy or surgical 

specimens, blood-based biomarkers, as well as tumor related nucleic acids and 

circulating tumor cells.  

Some proteins which reflect more general factors are important in the response to 

therapy such as proliferation, hypoxia and apoptosis. The ability to evade apoptosis 

is thought to be central in both tumor genesis and resistance to cytotoxic. Some 

molecular pathways are potentially responsible for resistance of some colorectal 

carcinomas to therapy. 

By now, no single marker is sufficiently robust to have clinical utility. Microarrays that 

screen a tumor for multiple promising candidate markers, gene expression and 

microRNA profiling will likely have higher yield and it is expected that a combination 
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or panel of markers would prove to be more useful. Moving forward, the use of serial 

samples of circulating tumor cells or circulating nucleic acids can potentially allow us 

to demonstrate tumor’s heterogeneity, document mutational changes and 

subsequently measure treatment response. 

6.2.1 Studies in Biopsies and in Resected Tumor by Immunohistochemistry 
(IHC) 

Many studies investigated a single biomarker, while others classified biomarkers 

based on mechanism of action, or included multiple biomarkers that had shown 

promising in earlier  studies. Biomarker candidates include  p53,  epidermal growth 

factor  receptor (EGFR), thymidylate  synthase (TS), Ki67, p21, BAX/bcl-2,  COX-2, 

cyclin D1, survivin, vascular endothelial growth factor (VEGF), among others. 

Many of these  studies  have a relatively  small number of patients,  are retrospective 

in nature and differ in methodologies, making difficult to draw firm conclusions or 

carry out cross-study comparisons. Moreover, there is a lag time bias in these 

studies, as the effect of chemoradiotherapy is continual over time. 

6.2.1.1 Thymidylate synthase (TS) 

The cornerstone for the treatment of locally advanced rectal cancer remains 5FU. 

Thus, further study of its molecular target TS is clearly of interest. The enzyme 

thymidylate synthase (TS) is the most important target of 5FU. It provides thymidylate 

for DNA synthesis leading to cell proliferation. The results found with IHC are 

controversial. In some studies protein expression was associated with a 

poor response by rectal tumors to neoadjuvant radiotherapy plus concomitant 5FU 

[123]. In contrast, others studies found a higher percentage of response in tumors 

with high TS levels, as measured by IHC [124-127].

The main limitation of TS expression in primary tumors may not reflect TS levels in 

either lymphnode or other metastases [128]; similarly, phenotypic changes due to 

radiochemotherapy can occur between pretreatment biopsies and post-treatment 

samples. 
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Kuremsky et al. [129] suggested that EGFR, thymidylate synthase and p21 have 

potential utility, while Spolverato et al. [128] concluded that there is no single 

biomarker that is robust, sensitive and specific enough or that has been tested in a 

rigorous prospective study where treatment factors and response grading are 

standardized. This is perhaps not surprising, given the multiple targets, feedback 

mechanisms and redundancy of these pathway modulators. Combinations of these 

biomarkers have yielded more promising results, with a study combining three 
elements Ki67, thymidylate synthase and BAX to have 83% sensitivity and 84% 

specificity in predicting tumor response [124]. 

6.2.1.2 Epidermal Growth Factor Receptor (EGFR) 

The Epidermal Growth Factor Receptor (EGFR) is a 170-kDa transmembrane 

tyrosine kinase receptor that belongs to a family of receptors known as the ErbB 

family (ErbB tyrosine kinase receptors) which comprises four proteins encoded by 

the c-erbB proto-oncogene. Upon binding of growth factors, these receptors activate 

proliferative and anti-apoptotic signalling pathways, such as the Ras/Raf/MAPK and 

PI3K/Akt pathways [130]. EGFR is known to activate a cascade of multiple signalling 

pathways that facilitate tumor’s growth process.  

EGFR expression (figure 11) was reported to be correlated with more aggressive 

disease, increased risk of metastases, advanced tumor stage and higher rates of 

mesenteric lymphnode involvement [131]. High EGFR expression has been related 

with tumor differentiation grade and TNM tumor stage [131]. The results appear to be 

controversial with some studies showing a link and others reporting no relationship 

between EGFR levels, tumor differentiation grade and TNM tumor stage.  

Although the prognostic role of EGFR has been frequently investigated, only few 

studies have assessed the predictive value of pretreatment EGFR expression in 

preoperative radio- or radiochemotherapy. Recent reports are conflicting. While Giralt 

et al. found a significant association between EGFR overexpression and a lack of 

complete pathologic tumor regression to preoperative radiotherapy [132], Bertolini et 

al. reported no such result [133]. The heterogeneity of EGFR expression in colorectal  
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cancers may be partly attributed to the use of different detection techniques. 

Immunohistochemistry is highly dependent on the antibody clone that is used, 

staining protocols, selection of scoring methods, and selection of cut-off values. Until 

a standard method of EGFR staining and reporting is adopted, the significance of 

EGFR protein expression in colorectal cancer remains controversial. 

6.2.1.3 Cyclo-oxigenase 2 (COX-2) 

Several studies have shown that Cyclo-oxigenase 2 (COX-2) expression is elevated 

in human colon cancers and adenomas compared with normal mucosa (figure 18). 

Elevated  levels of COX-2 have been detected  until 85%-95% of CRC samples. The 

use of non-steroidal anti-inflammatory drugs (NSA-IDs) can reduce the number and 

size of adenomas in patients with familial adenomatous polyposis and decrease the 

incidence of colorectal cancer (CRC), particularly when the tumors overexpress 

cyclo-oxygenase 2 (COX-2). The NSAIDs proved to reduce the relative risk of 

developing CRC by 40–50%, mainly by targeting the COX-2 enzyme [134, 135]. In 

fact, various non-steroidal anti-inflammatory drugs (NSAIDs)  developed  could have 

a role in the chemoprevention of gastrointestinal neoplasms. 

However, the role of Cox-2 in colorectal carcinogenesis is not yet well established. 

There is some recent evidence that COX-2 is related with cancer development and 

progression. COX-2 is responsible for the conversion of arachidonic acid to 

prostaglandins and other eicosanoids. In addition to its well-known role in 

inflammatory reactions, COX-2 plays a role in tumor’s progression, stimulation of 

angiogenesis, promotion of metastasis, and antitumor immune response decrease. 

COX-2 prevents apoptosis by generation of PGE2 and by removal of the arachidonic 

acid (pro apoptotic substrate). PGE2 increases Bcl-2 expression and prolongs the 

cell cycle G1 phase with increased cyclin D1 expression.  

It is widely accepted that alterations to COX-2 expression (figure 12) and the 

abundance  of  its  enzymatic  product  prostaglandin  E2 (PGE2)  have  key  roles  in 
influencing the development of colorectal cancer. Deregulation of the COX-2/PGE2 

pathway appears to affect colorectal tumor genesis via several distinct mechanisms: 
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promoting tumor’s maintenance and progression, encouraging metastatic spread, 

and participating in tumor initiation. 

Peng et al. performed a meta-analysis of 23 studies (n = 4567 patients) that 

evaluated the  correlation  between  COX-2  overexpression  detected  by  IHC  and 

survival  in patients  with  colorectal  cancer. Combined   hazard   ratios  suggested 

that  COX-2 overexpression had an unfavorable impact on overall survival [136].A 

high level of COX-2 expression after preoperative radiotherapy in resection 

specimens is associated with apoptosis resistance, high distant recurrence rates, and 

a poor prognosis in rectal cancer [137, 138]. 

Recent  studies  demonstrated  that  the  administration of a selective COX-2 inhibitor 

can significantly increase tumor susceptibility to radiation by reducing prostaglandin 

release [139]. The clinical effect of COX-2 expression has been evaluated in studies 

concerning LARC treated with neoadjuvant therapy, followed by curative surgery, but 

the results have not been consistent [140]. 

6.2.1.4 The role of p21 

As stated by Kruschewski,  the p21 is  one of the cell-cycle inhibitors which plays a 

role through the p53 dependent or independent pathway [141]. However, little is 

known about its clinical significance, especially regarding rectal cancer. The p21 

expression may be associated with chemotherapy resistance in colorectal cancer. 

The  p21 expression stem cell preserves the cell proliferation ability and protects 

against DNA damage by cell-cycle inhibition.  

The initial high p21 expression (before neoadjuvant CRT) was associated with non-

complete pathologic response and poor disease free survival outcome in patients 

with 5FU-based CRT [142]. Moreover, the trend for better disease free survival with 

the increase in p21 expression after chemoradiotherapy could be associated with 

increased tumor cell cycle-inhibition [143]. 

However, the role of p21 expression (figure 13) as a prognostic or predictive survival 

factor in rectal cancer remains controversial, as stated in several studies [144-146]. 
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6.2.1.5 Vascular Endothelial Growth Factor (VEGF) 

Various studies have demonstrated that vascular endothelial growth factor (VEGF) is 

present  in  carcinomas, but  absent  in  normal  colorectal mucosa. VEGF is affiliated 

with mediation to tumor angiogenesis. In colorectal cancer, VEGF is associated with 

tumor aggressiveness, poor survival, local failure and the presence of metastatic 

disease [147]. VEGF is activated in tumor cells by several factors, including tumor 

suppressor genes, hypoxia and oncogenes [148]. The activation of VEGF results in 

the formation of new vasculature and endothelial cell migration which supports the 

growth of the tumor and its nutrient requirements [149]. New blood vessels induce 

increased  permeability,  causing  less  efficient  delivery of chemotherapeutic agents 

and a decreased response to radiotherapy [150]. 

A high expression of VEGF was associated with poor prognosis [132, 151].  VEGF, 

assessed immunohistochemically from pretreatment tumor biopsies (figure 14), may 

be a useful marker in the prediction of tumor response to preoperative CRT [152]. 

Peng described an association between post-treatment VEGF overexpression and 

distant metastasis [153] . However, the results of the different centers are unlike 

[154] and few reports exist involving VEGF expression in rectal cancer patients, both 

prior to treatment and post-treatment [155]. 

6.2.1.6 Cyclin D1 

Cyclin D1 plays a vital role in cancer cell-cycle progression. Cyclin D1 has been 

considered to be an oncogene which could regulate progression from the G1 phase 

of the cell-cycle to the S phase. As key regulators of the G1 progression step within 

the cell-cycle, cyclin D1 plays a pivotal role in the process of carcinogenesis and 

cancer progression. The ability of cyclin D1 to drive the cell-cycle forward can be 

blocked by cyclin D1-dependent kinase (CDK) inhibitors, such as p27 and p21. 

Cyclin  D1  is  overexpressed  in  many  human  cancers, including  colorectal cancer 

(CRC). It  has  been  reported  to  occur  in  40–70%  of  colorectal tumors [156, 157]. 
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Immunostaining for cyclin D1 was predominantly nuclear but cytoplasmic staining 

was detected in some cases (figure 15). However, unless a nuclear staining was also 

detected, cases with cytoplasmic staining were considered negative. Cyclin D1 

overexpression based on the nuclear staining was related with a poor OS in CRC 

patients. 

Despite a well-established role of cyclin D1 in cell-cycle progression, previous data 

on cyclin D1 and clinical outcome in colorectal cancer have been conflicting. Ogino et 

al. draw a conclusion that the overexpression of cyclin D1 indicates good prognosis, 

while in others studies Cyclin D1 overexpression might be associated with poor 

clinical outcome [157]. Recently, Li et al. published a meta-analysis of observational 

studies that indicated cyclin D1 overexpression may be associated with poor clinical 

outcome and some individual  and pathological factors such as age, T category, N 
category and distant metastasis in CRC patients [158]. Cyclin D1 overexpression 

was also related significantly with poor DFS, not only in patients with rectal cancer 

treated with surgery alone, but also in patients receiving neoadjuvant CRT followed 

by surgery. 

In some studies, the action of p53 may be influenced by the levels of others 

molecular markers co-expression. For instance, the p53 level, acting to inhibit cellular 

proliferation, may appear inversely associated with cyclin D1 levels. On the other 

hand, p21 and PCNA (proliferating cell nuclear antigen) levels may contribute to the 

role of cyclin D1 on tumor proliferation with synergistic effects. So, according to some 

authors, the prognostic value of cyclin D1 in patients with CRC should be examined 

in the context of other proteins such EGFR, Bcl-2, p21, p53 and PCNA.  

6.2.1.7 Ki 67 

Ki67 is associated with regulation of the cell-cycle. It is a nuclear antigen that is 

present  in  the  later  G1,  S,  G2 and  M phases of the cell-cycle, and is thus a good  

marker of  proliferation [159]. Several  studies have shown a predictive role of Ki67 in  

a  wide  range  of  human  malignancies, including  breast  cancer  and prostate [160, 

161]. Nevertheless, in colorectal cancer, few  studies  exist  on  the prognostic role of  
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Ki67 and with contradictory results [162, 163]. High Ki67 seems to be an independent 

good prognostic marker. Recently, Melling et al. analyzed Ki67 expression by 

immunohistochemistry on a tissue microarray containing 1800 CRCs and concluded 

that high Ki67 expression was associated with low tumor stage and nodal status and 

is associated with good clinical outcome [164].  

In LARC, Ki67 expression diminished following preoperative CRT [165]. The down-

regulation of Ki67 after neoadjuvant treatment, indicates that highly proliferative 

tumor  cells  are  the  most sensitive to neoadjuvant treatment. In fact, patients with a 

favorable response during preoperative CRT exhibited a low expression of Ki-67 in 

the resection specimens, suggesting that the effect of the treatment on proliferation 

was crucial for a beneficial response [166].  

6.2.1.8 Mucin 2 (MUC2)

Mucins are being implicated in diagnosis, prognosis, and as therapeutic targets due 

to their abnormal expression in a variety of carcinomas [167]. Mucins are high-

molecular weight glycoproteins expressed by epithelial tissues and comprised among 

others known types: MUC1, MUC2, MUC5AC and  MUC6. They have a high content 

of clustered oligosaccharides, forming a mucosal protection system at the surface of 

the gastrointestinal tract [168]. Mucins have an important function as protective  layer 

for epithelial tissues in the gut. During carcinogenesis, mucins can be lost or 

aberrantly expressed in locations where they are not present constitutively. They 

might be involved in tumor progression and spread.  

MUC2 (figure 16) is characteristically expressed in globet cells of native intestinal 

epithelium, meanwhile MUC5AC is not expressed in normal colonic epithelium, but 

occurs in adenoma and colorectal cancer. The staining score for MUC2 and 

MUC5AC significantly decreased in the adenoma–colorectal cancer sequence. 

However, in mucinous  colorectal cancer, signet  ring tumors  and proximal colorectal  

cancer, MUC2 and MUC5AC are overexpressed.  In those cases, a different 

transformation  process  may  be  present, from  the  traditional  adenoma-carcinoma 

sequence [169]. This may explain the reason why the prognostic value of aberrant 

mucin expression in CRC remains controversial [169-172]. 
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In LARC, a high MUC2 IHC expression in pre-RCT biopsies may be a predictor of 

poor response to neoadjuvant CRT [173], but the studies concerning this subject are 

few and with contradictory results. In fact, while the most commonly used technique 

is immunohistochemistry, evaluating its effectiveness remains problematic, due to 

differing standards of use and a pronounced inter-observer variation. 

6.2.1.9 The relevance of the p53 

The p53 tumor suppressor gene has been demonstrated to regulate cell-cycle 

progression and apoptosis. Although p53 expression is abnormal in a large number 

of human cancers with a frequency of about 60% in rectal cancer, data on the 

prognostic role of the intensively studied p53 tumor suppressor gene are 

contradictory. The p53 status can be assessed by immunohistochemistry (IHC) or by 

others forms like total cDNA sequencing, allelic loss analysis and p53 antibodies. 

Inactive and mutant p53 protein accumulates in the nucleus and can be detected by 

immunohistochemistry.  

Antibodies used for immunohistochemistry can detect both wild-type and mutant p53 

protein. Since the wild-type occurs only at low detection levels and has a short half-

life, it is widely accepted that most commercial antibodies are suitable for detecting 

abnormal p53. So, the status of p53 is frequently studied by IHC, because this 

method is rapid and applicable to large-scale samples. Perraud et al. showed a clear 

decrease in the p53 expression in non-tumor tissues with the progress of CRC stage 

by stage [174]. The VICTOR trial states that P53 expression is associated with site 

and stage of CRC, but without prognostic value [175]. Abnormal p53 protein 

expression (nuclear accumulation of p53) is also associated with both worse [176-

178] and better outcomes [156]. Other  studies suggest that the prognostic impact of 

p53 expression on sporadic colorectal cancer is dependent on p21 status [141, 179]. 

In LARC treated with neoadjuvant CRT, expression of p53 in pathologic specimens 

measured by immunohistochemical methods may have a significant prognostic 

impact on survival in patients with ypN+, but  it may not be an independent predictor 

of recurrence or survival [180]. The lack of prognostic value of  p53 overexpression in 
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rectal cancer tissue after treatment with neoadjuvant chemoradiation is also reported 

by Andrade et al. [181]. 

6.2.1.10 BAX  and Bcl-2 

Apoptosis has to be markedly controlled in organs with important cell turnover such 

as the colon. Deregulation of this process is often present in tumor progression and 

drug resistance [182]. Apoptosis is a complex process that proceeds through two 

pathways. The extrinsic pathway is based on cell surface receptors and cytoplasmic 

proteins. The intrinsic pathway occurs in the mitochondria, where the balance of pro- 

and antiapoptotic proteins is regulated by members of the Bcl-2 family. BAX and Bcl- 

2 are the major members of Bcl-2 family, playing a key role in tumor progression or 

inhibition of intrinsic apoptotic pathway triggered by mitochondrial dysfunction. 

Therefore, the balance between pro- and antiapoptotic members of this family can 

determine the cellular fate. On the other and, p53 has been described as a main 

modulator of apoptosis in both pathways (extrinsic and intrinsic) [183]. 

BAX protein is located in the outer mitochondrial membrane and promotes cell death 

through permeabilisation of the mitochondrial outer membrane in response to 

different cellular stresses [184]. In contrast, Bcl-2 prevents apoptosis by inhibiting the 

activity of BAX [182]. BAX can act synergistically with p53, but it does not  completely 

depend on it  to function in apoptosis [185]. In fact, BAX expression in CRCs is not 

associated with the status of p53 [186]. It seems that patients with CRCs expressing 

high levels of BAX had a better survival than those with low BAX expression [186-

188]. Also, it is possible that BAX (figure 17) and Bcl-2 expression may be most 

predictive of outcome when combined as BAX/Bcl-2 expression ratio in colorectal 

tumors when compared to expression levels of BAX and Bcl-2 proteins alone [189]. 

Low levels of BAX/Bcl-2 ratio may result in poor prognosis and more infiltrative 

growth pattern. On the other hand, tumor location and patient age  may interfere with 

BAX/Bcl-2 expression leading to confounding results [190].  

In rectal cancer treated with neoadjuvant CRT, a high expression levels of BAX in 

pretreatment biopsy samples may predict a good tumor response, serving as a 

predictable molecular marker to chemoradio sensitivity [191]. 
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6.2.2 Studies in Blood Simple, Biopsies or Resected Tumor about Gene 
Polymorphisms 

Colorectal cancer has an important heritable component, but less than 6% of CRC 

fulfil the criteria for hereditary cancers [192] suggesting that the remaining familiarity 

might be accounted to a large number of common, low-penetrance genetic variants, 

each exerting a small influence on risk, mostly represented by single nucleotide 

polymorphisms (SNP) [193]. 

Polymorphism involves one of two or more variants of a particular DNA sequence 

that have no adverse effects on the individual and occur with fairly high frequency in 

the general population. The most common type of polymorphism involves variation at 

a single base pair – single nucleotide polymorphism (SNP). Polymorphism can also 

be much larger in size and involve long stretches of DNA. 

In the last years, several studies try to correlate the presence of determined SNPs in 

the human genome with rectal cancer outcome or tumor response to CRT [194-199]. 

In the future, SNP assay might be used to tailor special gene sites to predict 

response to CRT [200]. The analysis of polymorphism may have advantages over 

other  biomarkers. For  example, technical  limitations  of  IHC  could  be  avoided  by 

assess of genetic polymorphisms using PCR; on the other hand, the analysis of 

genetic polymorphisms may be done in selected tumor biopsies of tissue cores and 

also in blood samples.   

Some of gene polymorphisms with hypothetical interest in rectal cancer are related 

with molecular marker already referenced in the IHC studies. This encompasses 

among others:  

- TS (thymidylate synthase) gene polymorphism that may affect the response to 

preoperative  5-fluorouracil  chemoradiation  therapy  in  patients   with  rectal  cancer 

[198, 201, 202]. Arrazubi et al. studied the three main polymorphisms for TS. They 

found that 6 bp polymorphism was significantly associated with disease-free survival 

and may be a predictor of disease free survival in patients with locally advanced 

rectal cancer  treated  with  fluoropyrimidine-based  chemoradiation [194];  
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- Cyclin D1 gene G870A polymorphism, that may predict response to neoadjuvant 

radiotherapy and prognosis in rectal cancer [203]; 

- EGFR (Epidermal growth factor receptor) gene polymorphism (HER-1 R497K and 

EGFR intron 1 (CA)n repeat polymorphisms) that can predict pelvic recurrence in 

patients with rectal cancer treated with chemoradiation [204]. EGFR Sp1-216 G/T 

polymorphism that can have a significant correlation with treatment response to 

chemoradiation in locally advanced rectal cancer [205].  

It’s also worth mentioning that there are evidences that support the involvement of 

COX-2  polymorphisms  in  colorectal  carcinogenesis [206]  and  in  risk for colorectal 

cancer [207]. But is not yet been studied the relationship between COX-2 

polymorphisms and treatment response in LARC.  

7. Predicting Tumor Response

In LARC treated with neoadjuvant CRT, the results of several studies tend to show 

tumor response analysis as a capital feature with implications in treatment decision 
tree and survival, justifying the great need to find markers that can predict tumor 

radiosensitivity and response. So, this is particularly relevant in the neoadjuvant 

phase, given that patients who experience a complete response seem to have a 

better prognosis and may not need to proceed with surgery or additional therapy. 

As stated above, several parameters are being studied trying to predict tumor 

response to neoadjuvant therapeutic in LARC. These include tissue biomarkers of 

either biopsy or surgical specimens, and blood-based biomarkers, as well as tumor 

related nucleic acids and circulating tumor cells. 

Tumor size, tumor circumferential extent, poor differentiation, mucinous tumor, 

distance  from  anal  verge, clinical T stage, clinical  nodal stage, tumor downstaging, 

pretreatment carcinoembryonic antigen (CEA) level and or interval of time between 

surgery and radiotherapy completion are some of the clinical and pathological 

variables that may have a predictive CRT tumor response value [56, 57, 208-211]. 

Magnetic resonance imaging (MRI) and positron emission tomography-computed 
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tomography (PET-CT) also may be a useful tool to predict the response at early 

treatment stages [212-214].  

Emerging evidence has shown the prognostic importance of reassessing rectal 

cancers using high-resolution T2- weighted MRI after CRT conclusion [80, 81, 215]. 

Diffusion-weighted MRI may be the best model to detect the dynamic changes of 

rectal cancer and predict the response at an early treatment stage [216]. 

Reassessment of MRI scans after preoperative therapy has implications for surgical 

planning, the timing of surgery, sphincter preservation, deferral of surgery for good 

responders, and development of further preoperative treatments for radiologically 

identified poor responders. However, MRI findings depend on the timing and the 

ability of MRI to differentiate tumor from fibrosis post-treatment. On post-CRT T2- 

weighted MRI, we found that areas of fibrosis have very low signal intensity, whereas 

areas of residual tumor have intermediate signal-intensity, which can be difficult to 

interpret. In Centro Hospitalar do Porto, we don’t have yet in our data sufficient 

number of MRI pre and post chemoradiation capable of predicting tumor response 

and we do not use PET-CT as routine. 

From biological  studies with likely predictive tumor response value, expression levels 

or patterns of EGFR, Ki-67, p21, BCL-2/BAX ratio, VEGF and thymidylate synthase 

in pretreatment biopsy tumors or SPNs in blood sample may be useful as a 

molecular markers, as described elsewhere. 

However, until now, no clinical, pathological or molecular parameters with prediction 

value of CRT response have been consistently identified. 

8. Therapeutic Trends Based in Tumor Response

In order to offer patients a tailored therapy, it would be of significant clinical relevance 

to  identify  predictive  markers  of  prognosis  and  of  cancer  response to 

chemoradiotherapy. Actually, tumor downstaging and TRG scale can be used as the 

benchmark  of tumor response for comparison with newer biomarker candidates. But, 
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before any predictor is used clinically, tumor response evaluation should be 

standardized and large consistent cohort studies are needed. Once standardized the 

TRG scale and made its systematic adoption, it becomes possible to compare results 

among different prospective studies.  

Nowadays, predicting tumor response remains a target. The MRI, PET-CT, CEA, 

gene expression profiling and SNPs analysis are the most promising predictors for 

response to CRT. As each parameter has its own inherent shortcomings, a 

combination of dual or more models may improve the accuracy of a response 

prediction. Although all advances, prediction has barely starte. 
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Chapter 2 

Outline of this thesis

1. Rationale

In Portugal, such as in other western countries, colorectal cancer is one of the most 

common malignancy in both sex. Approximately 7.000 people are diagnosed for 

colorectal cancer each year and, despite all technical evolution, 8 patients with 

colorectal cancer die per day [217, 218]. 

About 30% of these tumors occur on the rectum, meaning they are located at less 

than 12cm of distance from the anal tumor to distal margin assessed by 

proctosigmoidoscopy [219]. The split-up between colon and rectum has therapeutic 

implications: due to rectum anatomic location, the disease recurrence likelihood for 

the same stage is higher than in colon.   

Therefore, in locally advanced rectal cancer (LARC), disease loco-regional control 

assumes a key role in survival and depends on the quality of surgical procedure and 

also on the neoadjuvant therapeutic. In fact, disease recurrence rate in LARC 

reached 50% in the seventies of twenty century [220-222] and only the introduction of 

a surgical technic standardized with complete mesoretal excision plus a 

complementary neoadjuvant therapy led rate cuts to the order of 5% [223]. 

This therapeutic plan allowed not only to lower locoregional recurrence rate, but also 

to obtain a good survival.  For this reason, in LARC, the standard care remains 

neoadjuvant therapy followed by surgery.  

However, there is no consensus regarding to neoadjuvant therapy. Two main 

streams are advocated:  the chemoradiotherapy (CRT), a long-course schedule of 

the American school, and the isolated short-course radiotherapy schedule, as 

followed by the Nordic school [224].  
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Several studies have shown that both are equally effective improving survival and 

reducing local recurrence when compared with postoperative CRT. The 

chemoradiotherapy (CRT) may have, in selected cases, advantages over the short-

course radiotherapy, by promoting a tumor downsizing and downstaging or even to 

achieve a complete pathological response. In those cases, an individual tailored 

therapeutic plan is possible, providing a better treatment solution without 

compromising survival. On the other hand, if tumor is poor responder to CRT, the 

short-course radiotherapy would be preferable, minimizing the risk of disease 

progression during interval of time between the end of radiotherapy and surgery with 

lower early toxicity, better compliance and less cost.  

Consequently, the opinions are unlike about the best approach in LARC and we still 

await the results of prospective studies ongoing on this matter. The present standing 

question is: which neoadjuvant therapy is most effective and how to properly select 

the patients for each one of those two different neoadjuvant options. The tumor 

pathologic response to CRT is variable: some have a good response, while others 

don’t, with disease progress. In LARC, tumor response is a key point in therapeutic 

decision plan and it is the fundamental parameter study in this research.   

At Centro Hospitalar do Porto - Hospital de Santo António, CRT is the standard 

neoadjuvant therapy in locally advanced rectal cancer. The short-course radiotherapy 

is at the moment being used in selected cases, but precise indications for each of 

these 2 protocols are lacking. 

The main goal of this study is to identify factors capable of predicting which patients 

are better suited to receive CRT neoadjuvant treatment, in order to reach an 

individualized tailored therapeutic.  

This study has two parts: the first, a retrospective study, is based on the data of 

patients who underwent surgery at the Hospital of Santo António for locally advanced 

rectal cancer between January 01, 2003 and September 30, 2011; the second part is 

a prospective study, that includes data of patients operated by cancer locally 

advanced between October 01, 2011 and December 31, 2013.  
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Study design is identical in both  parts, although the second part is complemented by  

genetic and molecular study of biopsied lesions not only before neoadjuvant therapy 

but also by analysis of genetic polymorphisms found in the peripheral blood. 

Demographic, clinical, pathologic, morphological and molecular variables in this 

group of patients were analyzed as a predictor of tumor response to neoadjuvant 

therapy, as well in survival rates. 

2. Objectives

The objective of this study  is to analyze prognostic factors in the survival of patients 

with locally advanced rectal cancer operated in the Hospital Santo António – Centro 

Hospitalar do Porto,   belonging to the two different populations: one of patients 

operated up to 2011 and retrospectively studied,  and another one including patients 

with locally advanced rectal cancer operated and prospectively evaluated, between 

October 2011 and December 2013. Prognostic factors will be evaluated according 

the response to CRT; finally, based on obtained results, subgroups of patients will be 

identified and survival rates compared, with the final goal of establishing adequate 

treatment protocols. 

When such objectives were ascertained  the following end points may be attempted  

and we can understand the :  

1 - Prognostic factors assessed in patients with LARC treated with neoadjuvant CRT 

followed by curative surgery   

2 - Identification   of   subgroups   of   patients    with   different   tumor   response   to 

neoadjuvant CRT 

3 - Predictive factors of tumor response in LARC treated with neoadjuvant CRT 

4 - Design   of    protocols   proposals    based   on   tumor  response  required  to  an 

individualized tailored therapeutic 
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Chapter 3 

Methods and Materials 

1. Patient Population, Methods and Materials

A database was queried  for  consecutive  patients  with  LARC, biopsy-proven rectal 

adenocarcinoma, who underwent nCRT followed by elective radical surgery with TME  

with curative intent between January 1, 2003,  and December 31,2013. 

1.1 Admission Criteria 

Patients with rectal cancers located at less than 12cm of distance from the anal 

verge and clinical stages cT2N+M0 or cT3/4N0/+M0. 

1.2 Exclusion Criteria 

Patients with other diagnosed neoplasia, short course RT, yp stage IV, R1/

R2 surgery, and death within 60-day postoperative time. 

All patients receiving nCRT who were operated within 8 weeks after radiotherapy 

conclusion were included in this analysis. Patients receiving short-course radiation 

were excluded since no down staging occurs when immediate surgery is carried out.  

1.3 Diagnosis and Staging Criteria 

Staging included rigid proctoscopy, total colonoscopy, chest, abdominal and pelvic CT 

scan, endorectal  ultrasound (ERUS), pelvic  magnetic  resonance  image (MRI) (since 

2008), and carcinoembryonic antigen (CEA)  serum levels. 
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1.4 Systemic Inflammatory Markers 

Blood  samples  from  all  patients  were collected within 7 days before starting nCRT 

protocol. WBC, neutrophil, lymphocyte, and platelet counts levels were recorded. 

Neutrophil-lymphocyte ratio (NLR) was calculated as the neutrophil count divided by 

the lymphocyte count using preoperative blood test results. An NLR ≥3 was 

considered elevated (based in ROC analysis). 

1.5 Biopsies Pretreatment Sample Collection Studied by Hematoxylin and 
Eosin (H&E) and Immunohistochemistry (IHC) 

Diagnostic pretreatment paraffin-embedded biopsies were available and reviewed by an 

independent element. Tumor biopsy samples classification, including grade, were 

obtained on worst areas whenever available material contained several areas with 

carcinoma. The representative core tissue specimens (2 mm in diameter) were taken 

from individual paraffin blocks and rearranged in new tissue array blocks (figure 19) 

using a trephine apparatus (Superbiochips Laboratories, Seoul, Korea).  

Array slides were immunohistochemically labelled with 4 commercially available 

antibodies: cyclin D1 (1:1000, BD Biosciences, MA, USA), p21 (1:300, Spring 

bioscience, CA, USA), EGFR (1:200, Abcam,MA,USA), and VEGF (1:30 dilution; BD 

Biosciences, MA, USA). Antigen retrieval was performed by immersing the slides in 

citrate buffer (pH 6.0) and microwaving them for 10 minutes. Nonreactive sites were 

blocked using 1% horse serum in Tris-buffered saline (pH 6.0) for 3 minutes. Primary 

antibodies  were  applied, and  antibody  binding was detected using the avidin-biotin 

peroxidase complex (Universal Elite ABC kit PK-6200; Vectastain, Burlingame, CA) 

and diamino benzidine tetrahydrochloride solution (Kit HK 153-5 K; Biogenex, San 

Ramon, CA). 

Immuno-histochemical stain reaction for cyclin D1, p21, EGFR and VEGF were 

performed in tissue arrays constructed from core tissue specimens (preoperative 

endoscopic biopsy) taken before treatment. 
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Normal colorectal epithelial cells were used as internal negative controls. We 

performed immune-staining without primary antibody for negative control. Location of 

staining; nucleus, membranous and/or cytoplasmic, were recorded.  

The  immune-reactivity   was   recorded.  The  percentages   of   positive   cells  were  

assigned to one of four categories for protein expression:  0%, 0 ; 1–25%, 1; 26–

50%, 2;  >50%, 3. The staining intensity was scored as follows: none or weak, 0; 

moderate, 1; intense, 2. If the staining intensity was heterogeneous in a section, it 

was scored based on that which was predominantly observed. The two scores (if 

different of zero) were then multiplied to produce a weighted score for each tumor 

specimen. The final score was grouped as follows: 0-3, week;  ≥4, strong (table 3).  

1.6 DNA Sample Collection and Biological Processing 

DNA was extracted preferably from blood or, alternatively, from tumor tissue as 

follows: 

Blood samples were collected with a standard venepuncture technique using EDTA-

containing tubes. Genomic DNA was extracted from peripheral blood leukocytes, 

using the QIAamp DNA Blood Mini Kit (Qiagen, Madrid, Spain) following the 

manufacturer’s instructions.  

For patients unable to provide a blood sample, the DNA was extracted from formalin 

fixed paraffin embedded (FFPE) blocks from the Pathology Department at our 

Hospital. Two to four 10 mm thickness sections were used in each extraction 

depending on the size of tissue area (1.5–3 cm2). Briefly, the CRC tissue specimens 

from each glass slide were scraped, using a clean razor blade, into a 1,5-ml micro 

centrifuge  tube,  followed  by  centrifugation  at 14.000 g–16.000 g for 3 minutes. 

The tissue pellets were then rehydrated with 1 ml of absolute ethanol, followed by 

centrifugation at 14.000 g–16.000 g for 3 minutes and the supernatant was 
discarded. This step was repeated twice. Then, the tube was maintained open for 15 

minutes to evaporate any remaining ethanol. Further steps of DNA isolation were 

performed using the GRS Genomic DNA Kit Tissue, in accordance with the 

manufacturer’s protocol (GRISP, Porto, Portugal). 
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DNA was quantified using the NanoDrop 1000 Spectrophotometer (Thermo Fisher 

Scientific, Wilmington, DE, USA) and stored at - 20°C until genotype examination. 

The DNA quality was determined by measuring the optical density (OD) 260/280 

ratio. 

1.7 Polymorphisms Selection 

The strategy for polymorphisms selection has been described elsewhere [225]. 

Briefly, using a tag SNP approach, the genetic variants were retrieved from a set of 

common SNPs in the Caucasian population of HapMap project (CEU). The Genome 

Variation Server (version 7.00) was used to recover tagSNPs capturing variations (1) 

with a minor allele frequency equal or superior to 15%; (2) within the coding region of 

the genes plus 2 Kb upstream and downstream, (3) with a r2 superior to 0.8 and (4) 

that successfully converted to the Sequenom platform (Sequenom, San Diego, CA). 

A total of 55 tagSNPs were analyzed in COX-2, HPGD, SLCO2A1 and ABCC4 

prostaglandin E2 (PGE2) pathway related genes.  

Furthermore, the rs2946834 IGF1, the rs1801280 NAT2, rs1800629 TNFα, rs9344 

CCND1, rs2227983 EGFR, and rs1800871 IL10 polymorphisms, that were previously 

associated with colorectal tumors development, were also included. 

1.8 Genotype Characterization 

TagSNP genotyping was performed using Mass ARRAY iPLEX Gold technology 

(Sequenom, San Diego, CA) based on multiplexed amplification followed by mass-

spectrometric product separation. This technique was carried-out by the Unidade de 

Genómica/Serviço de Genotipagem do Instituto Gulbenkian de Ciência. 

1.9 Neoadjuvant CRT Protocol 

The protocol included total irradiation of 50.4 Gy in 28 fractions and 5-fluorouracil 

(5FU) by  infusion pump (225 mg/m2/day, 7 days for week, from the first until the last  
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day of radiotherapy) or capecitabine (2500 mg/m2/day, divided in two doses, from 

the first until the last day of radiotherapy). All patients receiving nCRT were operated 

on within 8 weeks after radiotherapy ended. All patients received pelvic radiation 

therapy with concurrent chemotherapy. The option between 5-fluorouacil and 

capecitabin was made based in patient comorbilities and drug tolerance. 

Treatments were given with a linear accelerator with a minimum energy of 10MeV. 

The total dose of radiation therapy was 50.4 Gy. Patients underwent CT simulation 

with oral contrast to visualize the small bowel. All patients underwent three-

dimensional conformal radiation treatment planning. The intent of treatment was to 

include the tumor bed (gross tumor volume) with a margin, the internal iliac nodes, 

and the presacral nodes (the external iliac nodes were also included if a structure 

was invaded that drained to the external iliacs) to a total dose of 45 Gy. This was 

delivered at 1.8 Gy per day, 5 days per week, or 25 fractions over 5 weeks. A 

minimum tumor boost of 540 cGy, given at 1.8 cGy per fraction, was required for all 

patients and was given to the gross tumor volume with a 1-cm margin. Normal 

tissue sparing techniques were employed so that no portion of the small bowel 

received more than 4500 cGy and less than 10% of the bladder receive greater than 

5000 cGy. 

1.10 Surgery Procedures 

Radical surgery consisted mainly in sphincter-saving rectal resection (SSRE) or 

abdominoperineal resection (APR), both with TME. Regarding operative procedure 

selection, we considered the distance of the lesion to the anus, the comorbidities of the 

patient, and the condition of the anal sphincter. 

1.11 Resected Specimens Samples and Histological Characterization 

The number of samples taken from the resected specimens was variable, with a mean 

of 6 paraffin blocks per case.  The methodology used was the following: 

- 5 samples  from  the area with macroscopic lesion (assuming it exists), i.e.  the same 
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 as dealing with a specimen from a patient who has not received neoadjuvant therapy. 

These  included the closest macroscopic approach of the macroscopic lesion to the 

peritoneal surface and/or the mesorectal excision plane, as appropriate. 

- If no viable tumor was identified within the initial 5 blocks, the whole of the remainder 

of any macroscopic lesion in additional blocks were included. 

- If no viable tumor was identified within the initial or extra blocks, another three further 

levels from these blocks were taken. If no viable tumor was identified in these 

sections, then a complete histological tumor regression was assumed. 

All obtained slides were observed, classified and reviewed by the same experienced 

pathologist blinded to clinicopathological data.  Items observed and registered in the 

biopsies were subsequently analyzed in the resected specimen and the same criteria 

adopted. 

Standard pathologic tumor staging of the resected specimen was performed in 

accordance with the guidelines of the American Joint Committee on Cancer (AJCC).  

Circumferential   resection  margin (CRM)  was  scored  as positive  when  cancer cells 

were within1mm of the margin. Evidence of yp CR was defined as an absence of viable 

adenocarcinoma in the surgical specimen or the presence of lakes of mucus without 

tumor cells. The histology of all surgical specimens was reviewed and confirmed by an 

independent element and they were classified based on Mandard  tumor regression 

grading system (and also on Dworak tumor regression grade system, as an 

alternative scale). 

Patients were divided in two groups according to TRG systems: 

1. Mandard TRG - good responders were defined as Mandard TRG1 or TRG2;

poor responders were defined as Mandard TRG3, TRG4 or TRG5  (figure 20).

2. Dworak TRG - good responders were defined as Dworak TRG5 or TRG4; poor

responders were defined as Dworak TRG3, TRG2 or TGR1 (figure 21)

Both groups (good responders versus poor responders) were used to evaluate 

outcome results. 
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1.12 Chemotherapy Adjuvant Protocol 

Post surgery, patients were administered adjuvant chemotherapy protocol for 6 

months, performed preferably with 5FU or a combination of 5FU and oxaliplatin (one 

of the followed regimens: mFolFOX6 – 200 mg/m2 folinic acid (FA) day 1, 400 

mg/m2 5FU  bolus day 1, continued  infusion  for  46  hours  of 2400 mg/m2 5FU and  

85 mg/m2 oxaliplatin, 14/14 day cycle; CapeOx: 1000 mg/m2 capecitabine twice a 

day, days 1-14, 130 mg/m2 oxaliplatin day 1, 21/21 day cycle; 5FU/FA: 200 mg/m2 

FA day 1, 400 mg/m2 5FU bolus day 1, continued infusion for 46 hours of 2400 

mg/m2 5FU, 14/14 day cycle). 

mFolFOX6 or capeOX were the preferred regimens. When the administration of 

oxaliplatin  was not  possible  due  to  side effects of the drug or the comorbidities of 

the patient, one of followed regimens were used: 5-fluorouracil/folinic acid (5FU/FA) 

200mg/m2 folinic acid (1-hour infusion prior to 5FU) and 400mg/m2 5FU per day 

intravenously  once  daily  x 5 every 5 weeks  or  1000 mg/m2  capecitabine  twice  a  

day x 5 every 5 weeks. 

1.13 Survival and Disease Recurrence Definitions 

Disease recurrence was evaluated according to location: locoregional (LR), systemic 

(DR), or mixed. 

All surviving patients were observed and their current status was confirmed. 

None of the patients were lost for follow-up. 

Disease free survival (DFS) was calculated from the date of surgery to the date of 
progression (local and/or distant), and overall survival (OS) was calculated from the first 
date of treatment to the date of death or last follow-up. OS and DFS were the 

parameters utilized on statistical analysis. 
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2. Statistical  Analysis

The survival function was estimated using the Kaplan–Meier method. The interest 

event was the dead. The difference in survival rates between groups was tested for 

significance using the log–rank test. The significance of differences in proportions was 

calculated with Chi-square test and the differences in means with Student’s t test. 

A  logistic  regression  analysis  was  used  to  assess  the  independent significance of  

factors  predictive  of response, defined as “good” or “poor” responders (TRG1-2/TRG3- 

5): age; gender; clinical stage; anal–tumor distance; pretreatment b lood samples  o f  

CEA and NLR assay; samples biopsies pretreatment immunohistochemical expression 

of cyclin D1, EGFR, VEGF and p21; and 61 tag SNPs were studied. 

The univariate and multivariate analyses were performed. All variables with a P value 

of 0.25 or less in the univariate analysis were included in the full model . A stepwise 

forward likelihood ratio procedure was then performed to reduce the number of 

covariables. Only significant covariables (P<=0.05) were retained in the models. 

The statistical analysis was made with SPSS statistical software (version 21.0 for 

Windows; SPSS Inc., Chicago, IL). All statistical tests were conducted at a two-sided 

level of significance of 0.05. 
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Chapter 4 

Results 

The results of our research study are presented based in 6 sections, according to the 

established objectives. 

On Section 1 we studied the “Tumor Regression Grades” – and how “Can They 

Influence Rectal Cancer Therapy Decision Tree?” The cohort studied, the 

methodology and results were expressed in Paper I. 

In summary: In this study, we recognize 2 subgroups of patients with different 

prognosis based in Mandard response. In our study the division near complete 

response (Mandard 1-2) versus others responses (Mandard 3-5), proved to be better 

than complete pathological response (Mandard 1) versus other responses (Mandard 

2-5) on identifying subgroups with different prognosis. In our research, good 

response (Mandard 1-2) defined the  subgroup of patients that benefit with 

neoadjuvant CRT approach, while in Mandard poor response (Mandard 3-5) the 

subgroup in which alternative therapeutic approach is needed.  

On Section 2 we studied the “Prognostic Value of Mandard and Dworak Tumor 

Regression Grading in Rectal Cancer: Study of a Single Tertiary Center “. The results 

derived from this study are expressed on paper II. 

Here, we evaluated two of the most used tumor regression grade scales for tumor 

response assess. Based in findings and trying to answer the question: which tumor 

regression grade scale chose to assess tumor CRT response?, we elected Mandard 

tumor regression grade as the scale with the best accuracy in our research. 

On Section 3 we analyzed patients with “Locally Advanced Rectal Cancer Treated 

with  Neoadjuvant Chemoradiotherapy and Curative Surgery: Prognostic  Factors for 

Survival”. The results are shown in Paper III.  
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The aim of such study was to assess the prognostic factors for survival in LARC 

treated with neoadjuvant CRT. In this study, we assess the traditional potential 

prognostic factors and as a result we can define the tumor response and yp nodal 

stage as the main prognostic factors.  

On Section 4 the “Predictive Response Value of Pre- and Postchemoradiotherapy 

Variables in Rectal Cancer” was based on “an Analysis of Histological Data”, and the 

results presented on Paper IV. 

The objective was to evaluate among pre and postchemoradiotherapy variables the 

potential predictive factors of Mandard tumor response.  In this manuscript, none of 

the clinical or the biopsy characteristics assessed have a predictive value of Mandard 

response, except the distance from anal verge. Only postoperative pathological 

parameters related with tumor response to chemoradiotherapy have predictive value 

for Mandard response. Based on these results, we can identify the group of patients 

(the Mandard poor responders) that will benefit with a more aggressive adjuvant 

treatment, but only after surgery. 

On Section 5 we analyse if the “Expression of Blood and Tissue Biomarkers” prior to 

treatment can be interpreted as a “Predictor of Tumor Response  After  Neoadjuvant 

Chemoradiation  in  Rectal  Cancer”. The  analysis  and  results  were  discussed on 

Paper V.  

We investigated some pretreatment expression of blood and tissue biomarkers as a 

predictor of tumor response and with them we built a clinical model of tumor response 

prediction to neoadjuvant chemoradiation in rectal cancer. It seems possible to use 

pretreatment expression of blood and tissue biomarkers, and build a model of tumor 

response prediction to neoadjuvant chemoradiation in rectal cancer. 

On Section 6 we studied the “Prognostic and Therapeutic Potential Implications of 

Genetic Variability in Prostaglandin E2 Pathway Genes in Rectal Cancer”, as 

reported and commented in Paper VI. 

In this study we analyzed the influence in survival of some tissue and blood 

biomarkers  usually  not  studied  in  clinical  practice. Mandard  tumor  response and  
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rs17268122 in ABBC4 gene are the only two parameters that have prognostic 

significance for disease free survival. They are independent factors and it’s possible 

to build a DFS model with these two variables. The rs17268122 variability appears to 

contribute as a prognostic factor in LARC treated with nCRT and surgery, 

independently of chemoradiotherapy response. The assess of the rs17268122 and 

the Mandard tumor response in clinical practice may help to identify rectal cancer 

patients with different prognosis and contribute for an individualized therapeutic 

decision tree. 
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Background. Evaluating impact of tumor regression grade in prognosis of patients with locally advanced rectal cancer (LARC).
Materials and Methods. We identified from our colorectal cancer database 168 patients with LARC who received neoadjuvant
therapy followed by completemesorectum excision surgery between 2003 and 2011: 157 received 5-FU-based chemoradiation (CRT)
and 11 short course RT. We excluded 29 patients, the remaining 139 were reassessed for disease recurrence and survival; the slides
of surgical specimens were reviewed and classified according to Mandard tumor regression grades (TRG). We compared patients
with good response (Mandard TRG1 or TRG2) versus patients with bad response (Mandard TRG3, TRG4, or TRG5). Outcomes
evaluated were 5-year overall survival (OS), disease-free survival (DFS), local, distant and mixed recurrence. Results. Mean age
was 64.2 years, and median followup was 56 months. No statistically significant survival difference was found when comparing
patients with Mandard TRG1 versus Mandard TRG2 (! = .77). Mandard good responders (TRG1 + 2) have significantly better OS
and DFS than Mandard bad responders (TRG3 + 4 + 5) (OS ! = .013; DFS ! = .007). Conclusions. Mandard good responders
had a favorable prognosis. Tumor response (TRG) to neoadjuvant chemoradiation should be taken into account when defining the
optimal adjuvant chemotherapy regimen for patients with LARC.

1. Introduction

Colorectal cancer is the third most common cancer in
developed countries. It ranks second in Portugal, and it is
estimated that each year more than 7,000 new cases arise with
8 Portuguese patients with colorectal cancer dying per day,
on average [1, 2]. Surgery remains the primary therapeutic
tool in the treatment of rectal cancer, and with the advent
of mesorectum complete excision (TME) in cancers of the
middle and lower rectum, it was possible to reduce the
locoregional recurrence [3–6]. However, concerning locally
advanced rectal cancer (LARC), this approach has proved

insufficient to maintain levels of locoregional recurrence
between 4 and 6% [7, 8].

Neoadjuvant CRT allows a reduction of regional recur-
rences, and when there is a complete pathological response
(ypCR), an increase in survival is verified [9].

The rate of response is better in neoadjuvant CRT com-
paredwith long course RT and possibly absent in short course
RT with immediate surgery. In fact, the maximal response
of the radiation occurs only several weeks after its end [10].
For that reason, surgery has been delayed until 8–12 weeks
following neoadjuvant CRT [11–13].

1. Section 1 Tumor Regression Grades – Can They Influence Rectal
Cancer Therapy Decision Tree? (paper I)
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The use of neoadjuvant CRT can lead to tumor shrinkage,
increases the likelihood of performing a sphincter preserving
surgery, and in the surgical specimen increases circumfer-
ential and distal margins, with reduction of lymphatic and
vascular invasion [14–19].

However, the type and remission rate to neoadjuvant CRT
remain considerably variable. While some patients may not
respond, other patients experience downstaging, and 15–25%
have surgical specimens without any viable tumor cells, a
condition referred to as pathologic complete response (ypCR)
[20, 21].

Complete pathological response leads to excellent locore-
gional management as it provides an increase in survival for
stage I values, that is, 90% at 5 years [22–26]. Based on these
data, there are centers that in case of a ypCR advocate a policy
of “wait and see” reserving surgical resection only for cases of
“tumor escape.”The published results of these centers refer to
survival rates equal to or greater than those achieved in ypCR
patients with resection [27–30].

While there are substantial data regarding the relation-
ship between ypCR and improved oncologic outcomes, the
prognostic significance of “near complete” response to CRT
has not been extensively evaluated [31].Therefore, the aim of
this study was to verify if the association of ypCR with near
complete response (good responders) maintains a similar
prognostic of ypCR alone in patients with LARC.

To quantify the response to neoadjuvant CRT, different
systems can be used which are particularly important in
situations where the pathological response is not complete.
Most of them have 5 grades, allowing the creation of groups
according to the response [20, 32, 33].

This study evaluates the degree of tumor regression
according to Mandard classification in patients with LARC
who underwent neoadjuvant CRT followed by surgical resec-
tion with TME.

2. Material and Methods

A single-institution database was queried for consecutive
patients with LARC and biopsy-proven rectal adenocarci-
noma who underwent neoadjuvant CRT followed by elective
radical surgery with TME with curative intent between
January 1, 2003 and December 31, 2011.

Admission criteria were patients with rectal cancers
located less than 12 cm tumor distance from anal verge and
clinical stage T2N +M0 or cT3/4 N0/+M0.

Exclusion criteria were patients with other diagnosed
neoplasia, short course RT, yp stage IV, R1/R2 surgery, and
death during 60 days postoperatively.

All patients receiving neoadjuvant CRT were operated
with an average of 8 weeks after the end of radiotherapy
and were included in this analysis. The patients receiving
short-course radiation were excluded since when immediate
surgery is carried out, no downstaging occurs.

Staging assessment included rigid proctoscopy, total
colonoscopy, chest, abdominal and pelvic CT scan, endo-
rectal ultrasound (ERUS), pelvic magnetic resonance image
(MRI) (since 2008), and carcinoembryonic antigen serum
levels.

Table 1: Mandard TRG system.

TRG1 No viable cancer cells, complete response
TRG2 Single cells or small groups of cancer cells
TRG3 Residual cancer outgrown by fibrosis
TGR4 Significant fibrosis outgrown by cancer
TRG5 No fibrosis with extensive residual cancer

The neoadjuvant CRT protocol included a total irradia-
tion of 50.4Gy in 28 fractions and 5-fluorouracil by infusion
pump.

Radical surgery consisted mainly of sphincter saving
rectal resection (SSRE) or abdominoperineal resection (APR)
with TME. In the operative procedure selection, we consid-
ered the distance of the lesion to the anus, the comorbidities
of the patient, and the condition of the anal sphincter.

Operated patients were subjected to adjuvant chemother-
apy protocol for 6 months performed preferably with 5-
fluorouracil (5-FU) or a combination of 5-FU and oxaliplat-
inum.

Standard pathologic tumor staging of the resected spec-
imen was performed in accordance with the guidelines of
the American Joint Committee on Cancer. Circumferential
resection margin (CRM) was scored as positive when cancer
cells were within 1mm of the margin. Evidence of ypCR was
defined as absence of viable adenocarcinoma in the surgical
specimen or the presence of lakes of mucus without tumor
cells. The histology of all surgical specimens was reviewed
and confirmed by an independent element and was classified
based on Mandard tumor regression grade system (Table 1).

We divided our patient population based on TRG Man-
dard into two groups: good responders defined as Man-
dard TRG1/TRG2 and bad responders defined as Mandard
TRG3/4/5. The two groups were used to evaluate outcome
results.

Disease recurrence was evaluated according to location:
locoregional (LR), systemic (DR), or mixed.

None of the patients were lost from followup.
All surviving patients were observed in our query in the

last three months.

2.1. Statistical Analysis. Survival time was defined as the
interval between the beginning of neoadjuvant therapy and
the date of the last observation.

Oncologic outcomes were evaluated for 5-year overall
survival (OS), 5-year disease-free survival (DFS), overall
recurrence (OR), local recurrence (LR), and distant recur-
rence (DR).

Survival curves were performed using the Kaplan-Meier
method and compared by log rank test.

Mandard groups (good/bad) were compared in relation
to age, sex, tumor distance from anal verge, clinical stage,
surgical procedure performed, and pathological stage (yp-
stage) using Student’s t-test and the!2. For survival analysis,
the independent variables Mandard TRG, ypN-stage, the
ypT-stage, and tumor distance from anal verge were analyzed
using Cox’s proportional hazard (method forward stepwise).
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Table 2: Results—clinical parameters.

Variables
Sex

Male 87 (62.6%)
Female 52 (37.4%)

Age
Mean (range) 64.2 (32–82)

Tumor distance from anal verge>6 cm 68 (48.9%)≤6 cm 71 (51.1%)
Clinical stage

II 76 (54.7%)
III 63 (45.3%)

Neoadjuvant therapy
CRT 139

Surgical procedure
SSRR (sphincter saving rectal resection) 88 (63.3%)
APR (abdominoperineal resection) 46
Other (rectal resection without anastomose) 5

Perioperative complications
Morbidity 35 (25.1%)

Abdominal or pelvic abscess 11
Anastomose leak 2
Reoperation 5
Readmission 2

Was considered statistically significant " < .05. IBM SPSS
Statistics version 20 was used.

3. Results

The database query returned 168 patients. We excluded 29
patients: 11 subjected to short course RT, 11 patients with free
radial margin ≤1mm (R1 surgery), 3 patients yp stage IV, and
four deaths in 60 days postoperatively.

3.1. Operative Procedure. The surgery performed in 139
patients was a sphincter saving rectal resection, with anas-
tomosis (with or without protective ileostomy) in 88 patients
(63.3%). Abdominal-perineal resection was performed in 46
patients, and five patients were subjected to proctectomywith
definitive stoma.

The morbidity of the series was 25.11% (Table 2).

3.2. Pathology. Stage distribution is shown in Table 3. The
average number of dissected lymph nodes in surgical spec-
imen was 8.2 (range 0–22).

Response to neoadjuvant therapy is characterized in
Table 3.

Classification of TRG according to Mandard system
allowed us to define two groups as previously mentioned:
TRG1 + 2 and TRG3 + 4 + 5.

We verified a good response to neoadjuvant CRT in 70
patients (ypCR in 25−17.9%) and a bad response in 69 patients
(49.6%).

Table 3: Results—pathological parameters and clinical long term
outcome.

Variables
Postoperative stage

0 25 (18%)
I 19 (13.7%)
II 53 (38.2%)
III 42 (30.2%)

TRGMandard 139
Good response (1 or 2) 70 (50.4%)
Bad response (3, 4, or 5) 69 (49.6%)

Overall recurrence disease 26 (18.7%)
Local 4 (2.9%)
Distant 20 (14.4%)
Local and distant 2 (1.4%)

Five years overall survival (os) 72.3% (se = 4.2%)
Five years disease survival (DFS) 72.1% (se = 4.1%)

The two groups of patients (good response Mandard
versus bad response Mandard) are statistically comparable
in respect to age (" = .12), sex (" = .52), clinical stage
(" = .11), and surgical procedures performed (" = .13) with
the exception of tumor distance from anal verge (" = .009),
ypN-stage (ypN0/ypN+) (" = .001), and ypT-stage (ypT0-
2/ypT3-4) (" < .001) (Table 4).
3.3. Disease Recurrence

3.3.1. Pelvic Recurrence. Four patients (2.9%) had isolated
pelvic recurrence. Considering only the group of patients
with a good response, pelvic recurrence appeared in 1 of 70
(1.4%) 45months after surgery; TRG1 (Table 3).

3.3.2. Distant Recurrence. Distant recurrence without pelvic
recurrence appeared in 20 of 139 patients (14.4%). If we con-
sider only patients with a good response, distant recurrence
appeared in six of 70 (8.5%) patients (1/25 TRG1 and 5/45
TRG2). For patients who had a complete pathologic response,
distant recurrence emerged in one patient (brain metastasis
25months after surgery).

3.3.3. Mixed Recurrence. Two patients (1.4%) had pelvic
and distant disease. Both were classified as bad responders
according to Mandard classification.

3.4. Survival. The mean followup was 56 months (range 6–
125). Five years overall survival (OS) and five years disease-
free (DFS) survival were 72.3% and 71.2%, respectively
(Table 3).

To the different subsets, survival at 5 years was matched
(Table 5).

The survival of patients who showed a good response on
Mandard TGRwas significantly higher than the patients with
poorer responses in 5-year overall survival (OS) and 5-year
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Table 4: Comparison between TRG and demographic and clinic variables.

Variables TRG1 + TRG2 TRG3 + TRG4 + TRG5 ! value
Sex

Male 42 (60%) 45 (65.2%) .52
Female 28 (40%) 24 (34.7%)

Age
Mean (range) 63.1 66.1 .12

Tumor distance from anal verge>6 cm 27 (38.5%) 41 (59.4%) .009≤6 cm 43 (61.4%) 28 (40.5%)
Clinical stage

II 43 (61.4%) 33 (47.8%) .11
III 27 (38.5%) 36 (52.1%)

Surgical procedure
SSRR (sphincter saving rectal resection) 40 (57.1%) 48 (69.5%) .13
APR (abdominoperineal resection) + other (rectal resection without anastomose) 30 (42.8%) 21 (30.4%)

Pathological N-stage
ypN0 61 (87.1%) 36 (52.1%) .001
ypN+ 9 (12.8%) 33 (47.8%)

Pathological T-stage
ypT0 − 2 42 (60%) 7 (10.1%) <.001
ypT3 + 4 28 (40%) 62 (89.9%)

Table 5: Results—TRG and clinical long term outcome. Univariable analysis followup: mean—56months (range: 6–125).

CRT ($ = 139)
Five years overall survival

Mandard good response (TRG1 + 2) 80.8% (se = 5.3%) ! = .013a
Mandard bad response (TRG3+ 4 + 5) 63.4% (se = 6.4%)

Five years overall survival
ypCR (Mandard TRG1) 80.4% (se = 8.9%) ! = .77a
Mandard partial response (TRG2) 81.0% (se = 6.7%)

Five years DFS
Mandard good response (TRG1 + 2) 81.7% (se = 5.1%) ! = .007a
Mandard bad response (TRG3 + 4 + 5) 61.7% (se = 6.3%)

Five years DFS
ypCR (Mandard TRG1) 80.1% (se = 9.1%) ! = .71a
Mandard partial response (TRG2) 82.8% (se = 6.1%)

Se: standard error.
aLog rank test.

disease-free survival (! = .013 and .007, resp.) as we can
observe in Table 4 and Figures 1 and 2.

In this series, no statistically significant survival differ-
ence was found when comparing patients with complete
(ypCR or Mandard TRG1) and partial pathological response
(Mandard TRG2) (OS ! = .77; DFS ! = .71) (Table 5).

Overall survival (OS) and DFS in patients with good
Mandard response were significantly better than those with
a bad response after we enter in the Cox model the following
variables: the ypN-stage (ypN0/ypN+), the ypT-stage, and the
distance from anal verge (Table 6).

4. Discussion

The aim of neoadjuvant CRT in LARC is cytoreduction
and downstaging of the tumor, but the tumor response to
neoadjuvant CRT is variable. Only when response is good,
sphincter preservation rate may increase and reduce the pos-
itive radial margin and the positive lymph node in resected
specimen (aspects related to rectal cancer prognosis) [17–
19, 34, 35]. Prognosis impact of tumor response assessment
by TRG is still controversial. Published data are inconclusive
[21, 36–42]. Despite uncertain clinical utility of TRG, recently
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Table 6: Survival in patients TRG (1 + 2) versus TRG (3 + 4 +
5) controlling ypN-stage (ypN0/ypN+), ypT-stage, and the distance
from anal verge multivariable analysis.

Hazard ratio (95% confidence interval) ! value
OS 0.46 (0.24–0.86) .016
DFS 0.43 (0.23–0.81) .007
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Figure 1: Five years overall survival comparison of the two groups
Mandard.

published 7th edition of TNM Staging Manual recommends
evaluation of TRG after chemoradiation of rectal cancer as a
routine procedure [43].

Tumor regression grades evaluate tumor response to
neoadjuvant treatment, mainly in CRT. There are several
tumor regression systems trying to quantify the response to
CRT and ultimately to have a prognostic value [20, 33, 38]. A
common, largely accepted, standardized, and validated TRG
system does not exist, so the published systems vary in the
definition of categories, interfering with studies results.

Mandard TRG was proved effective identifying sub-
groups with different responses. In our studies, we applied
Mandard system, which essentially counts the number of
residual tumor cells (Table 1). TRG1 identifies a complete
response (ypCR).

The association of tumor response and prognosis has
been previously reported. Previous reports have focused on
specific T or N downstaging and included in their analysis
pCR [44–46]. Other authors have emphasized the value of
tumor regression grade, which could more accurately reflect
tumor response at a cellular level [32, 33, 47]. In our series,
the application of the Mandard system allowed identification
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Figure 2: Five years disease-free survival comparison of the two
groups Mandard.

of two subgroups of patients with different impact in terms of
survival.

We had a complete pathological response in 25 patients
out of 139 patients (TRG1). A good response, defined as
Mandard 1 and 2 classifications, was present in 70 of 139
(50.4%) patients (Table 3). These percentages are consistent
with the available literature [35, 36].

In our series, we did not find a significant survival
difference comparing TRG1 with TRG2 (OS ! = .77; DFS! = .71). When we consider TRG1 + TRG2 versus the
remaining TRG (3 + 4 + 5), we obtain significant different
survival values (! = .013). This aspect justified our patients
division in two different groups: good responders (TRG1+2)
and bad responders (TRG3 + 4 + 5).This type of Mandard
TRG division was already used by other authors [19, 36, 40].

While there are substantial data regarding the rela-
tionship between ypCR and improved oncologic outcomes,
the prognostic significance of near complete response to
neoadjuvant CRT has not been extensively evaluated. In
most studies, only the presence of a pathological complete
response is correlated to better long outcome and survival
improvement [48].

Beddy et al. [38] used Mandard TRG and observed
better DFS in the combined group of patients having either
complete response or near complete response (TRG0+TRG1)
compared with the remaining patients. Dhadda et al. [49]
applied Mandard system, and the results obtained suggested
improved DFS and OS after preoperative CRT in TRG2
versus TRG3 in the Cox regression analysis. Others series
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with different TGR system andmultivariate analyses failed to
demonstrate the prognostic value of TRG for DFS [21, 50].

In most studies, the pathologic T category and the nodal
status after neoadjuvant CRT still remain the most important
independent prognostic factors for DFS [21, 51].

The reason for these different results of the literature can
be related to several differences in number of patients of
the studies, followup interval, criteria of patients inclusion,
regimens of neoadjuvant CRT, time interval between CRT
and surgery, R1 definition, TRG system used, and different
adjuvant therapy protocols.

Comparing in our study Mandard TRG good response
versus Mandard TRG bad response, we find the following:

(i) Reduction rate of positive lymph nodes −uN+/ypN+
(64.7% versus 36.3%).

(ii) Lower disease recurrence (1.4% versus 7.2% concern-
ing LR; 8,5% versus 21.7% DR; 0% versus 2.8%mixed
recurrence).

(iii) Better survival (80.4% versus 63.4% concerning 5-
year OS, " = .013; 81.7% versus 61.7% 5-year DFS," = .007).

Multivariate analyses confirmed the prognostic value of these
two TRG Mandard groups for OS and FDS: OS (" = .016);
DFS (" = .007).

A good response was associated with an improvement of
54% and 57% in overall survival, and disease-free survival
respectively.These results agreewith a recent publishedmeta-
analysis [31].

Our study is subject to biases and limitations: the series
is small, the histology of all surgical specimens was reviewed
retrospectively, and the study protocol did not provide extra
paraffin blocks from surgical specimen to confirm pCR
diagnoses. Another limitation of the present study is the
number of dissected lymph nodes: average 8.2 (0–22). The
advantages of our study were a single-institution database,
patientswith LARC treated in the sameway, and the histology
of all surgical specimens was reviewed and confirmed by an
independent and experimented pathologist.

According to data obtained, we identified a subset of
patients where the neoadjuvant CRT has the maximum effect
and better prognostic (subgroup with higher number of
patients than ypCR) and a subgroup of poorer prognosis
where other therapeutic regimens will be needed to improved
survival.

5. Conclusion

Mandard good response (TGR1 + 2) was obtained in 50.4%
of our patients with LARC, treated with neoadjuvant CRT
and surgery. These patients were associated with lower
locoregional recurrence and improved survival compared
with Mandard bad response.

Mandard TRG assessment should be, in our opinion,
implemented in pathologic evaluation and prospectively
validated in further studies.

If Mandard TRG can predict long term outcomes, it
can help us to decide when a different adjuvant therapeutic

approach is indicated for the patients who undergo preoper-
ative chemoradiation and TME surgery with Mandard bad
response (TRG3 + 4 + 5).
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Goal. To evaluate the prognostic value of Mandard and Dworak grading systems regarding neoadjuvant chemoradiotherapy (CRT)
response on rectal cancer.Materials and Methods. We queried our center’s database for patients with colo rectal cancer with locally
advanced rectal cancer (LARC) who received neoadjuvant CRT followed by total mesorectum excision (TME) between 2003 and
2011. After excluding 18 patients from the initial query the remaining 139 were reassessed for disease recurrence and survival; the
specimens’ slides were reviewed and classified according to two tumor regression grading (TRG) systems: Mandard and Dworak.
Based on these TRG scores, two patient groups were created: patients with good response versus patients with bad response
(Mandard TRG1+2 versus Mandard TRG3+4+5 and Dworak TRG4+3 versus Dworak TRG2+1+0). Overall survival (OS), disease-
free survival (DFS), and disease recurrence were then evaluated. Results. Mean age was 64.2 years and median follow up was 56
months. No significant survival difference was found when comparing patients with Dworak TRG 4+3 versus Dworak TRG2+1+0
(! = 0.10). Mandard TRG1+2 presented with significantly better OS and DFS than Mandard TRG3+4+5 (OS ! = 0.013; DFS! = 0.007). Conclusions. Mandard system provides higher accuracy over Dworak system in predicting rectal cancer prognosis
when neoadjuvant CRT is applied for tumor regression.

1. Introduction

Improved outcome in the treatment of locally advanced
rectal cancer (LARC) is related to the introduction of total
mesorectal excision (TME) and neoadjuvant treatment [1–3].

In locally advanced rectal cancer (LARC) the use of
neoadjuvant chemoradiotherapy (CRT) reduces locoregional
recurrence and can lead to better prognosis depending on the
tumor regression grade. Rectal cancer prognosis appears to be
related to neoadjuvant CRT response [4–6].

After curative surgery with TME, tumor extension
through the rectal wall (pT), spreading to the regional lymph
nodes (pN) and the circumferential resection margin (CRM)
constitute the main criteria to estimate prognosis in rectal
carcinoma patients [7]. In LARC, chemoradiotherapy applied
before surgery may change the pathologic stage and CRM
of the resected specimen. Several studies have demonstrated
that clinical outcome depends not only on the initial stage
of the tumor, but also on the CRT-induced tumor response
which varies among individual patients [8].
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The use of neoadjuvant CRT can lead to tumor shrinkage,
increases the likelihood of performing a sphincter preserving
surgery, and in the surgical specimen increases circumfer-
ential and distal margins, with reduction of lymphatic and
vascular invasion [14–19].

However, the type and remission rate to neoadjuvant CRT
remain considerably variable. While some patients may not
respond, other patients experience downstaging, and 15–25%
have surgical specimens without any viable tumor cells, a
condition referred to as pathologic complete response (ypCR)
[20, 21].

Complete pathological response leads to excellent locore-
gional management as it provides an increase in survival for
stage I values, that is, 90% at 5 years [22–26]. Based on these
data, there are centers that in case of a ypCR advocate a policy
of “wait and see” reserving surgical resection only for cases of
“tumor escape.”The published results of these centers refer to
survival rates equal to or greater than those achieved in ypCR
patients with resection [27–30].

While there are substantial data regarding the relation-
ship between ypCR and improved oncologic outcomes, the
prognostic significance of “near complete” response to CRT
has not been extensively evaluated [31].Therefore, the aim of
this study was to verify if the association of ypCR with near
complete response (good responders) maintains a similar
prognostic of ypCR alone in patients with LARC.

To quantify the response to neoadjuvant CRT, different
systems can be used which are particularly important in
situations where the pathological response is not complete.
Most of them have 5 grades, allowing the creation of groups
according to the response [20, 32, 33].

This study evaluates the degree of tumor regression
according to Mandard classification in patients with LARC
who underwent neoadjuvant CRT followed by surgical resec-
tion with TME.

2. Material and Methods

A single-institution database was queried for consecutive
patients with LARC and biopsy-proven rectal adenocarci-
noma who underwent neoadjuvant CRT followed by elective
radical surgery with TME with curative intent between
January 1, 2003 and December 31, 2011.

Admission criteria were patients with rectal cancers
located less than 12 cm tumor distance from anal verge and
clinical stage T2N +M0 or cT3/4 N0/+M0.

Exclusion criteria were patients with other diagnosed
neoplasia, short course RT, yp stage IV, R1/R2 surgery, and
death during 60 days postoperatively.

All patients receiving neoadjuvant CRT were operated
with an average of 8 weeks after the end of radiotherapy
and were included in this analysis. The patients receiving
short-course radiation were excluded since when immediate
surgery is carried out, no downstaging occurs.

Staging assessment included rigid proctoscopy, total
colonoscopy, chest, abdominal and pelvic CT scan, endo-
rectal ultrasound (ERUS), pelvic magnetic resonance image
(MRI) (since 2008), and carcinoembryonic antigen serum
levels.

Table 1: Mandard TRG system.

TRG1 No viable cancer cells, complete response
TRG2 Single cells or small groups of cancer cells
TRG3 Residual cancer outgrown by fibrosis
TGR4 Significant fibrosis outgrown by cancer
TRG5 No fibrosis with extensive residual cancer

The neoadjuvant CRT protocol included a total irradia-
tion of 50.4Gy in 28 fractions and 5-fluorouracil by infusion
pump.

Radical surgery consisted mainly of sphincter saving
rectal resection (SSRE) or abdominoperineal resection (APR)
with TME. In the operative procedure selection, we consid-
ered the distance of the lesion to the anus, the comorbidities
of the patient, and the condition of the anal sphincter.

Operated patients were subjected to adjuvant chemother-
apy protocol for 6 months performed preferably with 5-
fluorouracil (5-FU) or a combination of 5-FU and oxaliplat-
inum.

Standard pathologic tumor staging of the resected spec-
imen was performed in accordance with the guidelines of
the American Joint Committee on Cancer. Circumferential
resection margin (CRM) was scored as positive when cancer
cells were within 1mm of the margin. Evidence of ypCR was
defined as absence of viable adenocarcinoma in the surgical
specimen or the presence of lakes of mucus without tumor
cells. The histology of all surgical specimens was reviewed
and confirmed by an independent element and was classified
based on Mandard tumor regression grade system (Table 1).

We divided our patient population based on TRG Man-
dard into two groups: good responders defined as Man-
dard TRG1/TRG2 and bad responders defined as Mandard
TRG3/4/5. The two groups were used to evaluate outcome
results.

Disease recurrence was evaluated according to location:
locoregional (LR), systemic (DR), or mixed.

None of the patients were lost from followup.
All surviving patients were observed in our query in the

last three months.

2.1. Statistical Analysis. Survival time was defined as the
interval between the beginning of neoadjuvant therapy and
the date of the last observation.

Oncologic outcomes were evaluated for 5-year overall
survival (OS), 5-year disease-free survival (DFS), overall
recurrence (OR), local recurrence (LR), and distant recur-
rence (DR).

Survival curves were performed using the Kaplan-Meier
method and compared by log rank test.

Mandard groups (good/bad) were compared in relation
to age, sex, tumor distance from anal verge, clinical stage,
surgical procedure performed, and pathological stage (yp-
stage) using Student’s t-test and the!2. For survival analysis,
the independent variables Mandard TRG, ypN-stage, the
ypT-stage, and tumor distance from anal verge were analyzed
using Cox’s proportional hazard (method forward stepwise).
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Mandard TRG system

No viable cancer cells, complete response

Single cells or small groups of cancer cells

Residual cancer outgrown by fibrosis

Significant fibrosis outgrown by cancer

No fibrosis with extensive residual cancer

Mandard good responders (TRG1 + TRG2)

Mandard bad responders (TRG3 + TRG4 + TRG5)

Figure 1: Mandard system.
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Very few (difficult to find microscopically) tumor cells in
fibrotic tissue with or without mucus substance

Dworak good responders (TRG3 + TRG4)

Dworak bad responders (TRG0 + TRG1 + TRG2)

Figure 2: Dworak system.
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Table 1: Clinical parameters and ! value of TRG groups.

Variables " = 139 Mandard Dworak
Good versus bad response Good versus bad response! value ! value

Sex
Male 87 (62.6%) 0.52 0.64
Female 52 (37.4%)

Age
Mean (range) 64.2 (32–82) 0.12 0.34

Tumor distance from anal verge>6 cm 68 (48.9%) 0.009 0.02≤6 cm 71 (51.1%)
Clinical stage

II 77 (53.5%) 0.13 0.49
III 67 (46.5%)

Surgical procedure
SSRR (sphincter saving rectal resection) 88 (63.3%)

0.18 0.33APR (abdominoperineal resection) 46 (33.1%)
Other (rectal resection without anastomose) 5 (3.6%)

Table 2: Comparison between TRG and pathological variables.

Variables " (%) Mandard good
response " (%)

Mandard bad
response " (%) ! value Dworak good

response " (%)
Dworak bad
response " (%) ! value

ypT stage
T (0–2) 88 (66.1) 42 (60) 7 (10.1) <0.001 36 (66.7) 13 (15.3) <0.001
T (3-4) 56 (38.9) 28 (40) 62 (89.9) 18 (33.3) 72 (84.7)

ypN stage
N0 5 (3.5) 61 (87.1) 36 (52.2) <0.001 47 (87) 50 (58.8) 0.001
N (1-2) 139 (96.5) 9 (12.9) 33 (47.8) 7 (13) 35 (41.2)

3. Results

The database query returned 157 patients. We excluded 18
patients: 11 patients with positive radial margin (R1 surgery),
3 patients yp stage IV, and four deaths within 60 days
of postoperative period. The remaining 139 patients were
evaluated.

The analysis of the clinical characteristics and surgery
performed on the 139 patients can be seen in Table 1.

3.1. Surgery. Sphincter saving rectal resection with anasto-
mosis (with or without protective ileostomy) was performed
on 88 patients (63.3%). Abdominal-perineal resection was
performed on 46 patients, and five patients were subjected
to proctectomy with definitive stoma. The perioperative
morbidity of the series was of 25% with 11 abdominal or
pelvic abscesses, 2 anastomose leaks, 5 reoperations, and 2
readmissions.

3.2. Pathology. Stage distribution is shown in Table 2.

The average number of dissected lymph nodes in the
surgical specimen was 8.2 (range 0–22). Circumferential
resection margin >1mm was confirmed in all 139 patients.

Response to neoadjuvant therapy is characterized in
Table 1 with clinical parameters.

TRG Classification.The use of Mandard and Dworak systems
allowed us to define two groups as previously mentioned:
good responders (Mandard TRG1+2 orDworak 3+4) and bad
responders (Mandard TRG3+4+5 or Dworak TRG2+1+0).

Using Mandard system a good response to neoadjuvant
CRTwas attributed to 70 patients (50.4%) and a bad response
was attributed to 69 patients (49.6%).

Using Dworak system a good response to neoadjuvant
CRTwas attributed to 54 patients (38.8%) and a bad response
was attributed to 85 patients (61.2%).

The number of patients with a complete response
(ypCR) is the same according to both systems (Mandard
TRG1/Dworak TRG4 in 25–17.9%).

Table 2 shows T and N pathological staging according to
Mandard and Dworak groups. Mandard TRG seems to better
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Table 3: Clinical long-term outcome.! (%) Mandard good
response ! (%)

Mandard bad
response ! (%)

Dworak good
response ! (%)

Dworak bad
response ! (%)

Overall recurrence disease 26 (18.7) 7 (10) 19 (27.5) 7 (12.9) 19 (22.3)
Local 4 (2.9) 1 (1.4) 3 (4.3) 1 (1.8) 3 (3.5)
Distant 20 (14.4) 6 (8.6) 14 (20.3) 6 (11.1) 14 (16.4)
Local and distant 2 (1.4) 0 (0) 2 (2.9) 0 (0) 2 (2.3)

Table 4: Clinical long-term outcome, survival percent.

(%) Mandard good
response (%)

Mandard bad
response (%) " value Dworak good

response (%)
Dworak bad
response (%) " value

Five-year overall
survival (OS)

72.3 79.5 60.7 0.013∙ 77.4 69.1 0.10∙
(se = 4.2) (se = 5.4) (se = 6.3) 0.010∙∙ (se = 6.4) (se = 5.5) 0.047∙∙

Five-year disease free
survival (DFS)

72.1 81.7 61.7 0.007∙ 78.4 68.1 0.10∙
(se = 4.1) (se = 5.1) (se = 6.3) 0.004∙∙ (se = 6.2) (se = 5.4) 0.047∙∙∙Log rank test; ∙∙Breslow test.

relate with ypN stage while Dworak TRG relates with ypT
stage.

3.3. Disease Recurrence

3.3.1. Pelvic Recurrence. Four patients (2.7%) had isolated
pelvic recurrence. Among patients on the good response
groups (Mandard and Dworak), pelvic recurrence appeared,
45 months after surgery, in 1 out of 70 (1.4%) and in 1 out of
54 (1.8%), respectively, patients with ypCR (Table 3).

3.3.2. Distant Recurrence. Distant recurrence without pelvic
recurrence appeared in 20 of the 139 patients (14.4%). If
we consider only the patients with a good response, distant
recurrence appeared in 6 out of 70 (8.6%) patients with
“Mandard’s good response” and in 6 out of 54 (11.1%) patients
with “Dworak’s good response.” For patients who had a
complete pathologic response distant recurrence emerged in
one patient only (brain metastasis 25months after surgery).

3.3.3. Mixed Recurrence. Two patients (1.4%) had pelvic
and distant disease. All were classified as bad responders
according to Mandard and Dworak systems.

3.4. Survival. The mean follow-up was 56 months (range 6–
125). Five years overall survival (OS) and five years disease
free survival were 72.3% and 72.1%, respectively (Table 4).

The survival of patients who showed a good response on
Mandard TGR was significantly higher than the ones with
bad responses, according to 5-year overall survival (OS) and
5-year disease free survival (" = 0.013 and 0.007 resp.) as
shown in Table 4 and Figures 3 and 4.

Using Dworak system the results point in the same
direction butwithout being statistically significant (according
to the log-rank test, but not the Breslow test—Table 4 and
Figures 5 and 6).

Table 5: Survival in patients Mandard TRG(1+2) versus Mandard
TRG(3+4+5), the only significant covariable retained in the multi-
variable analysis tested by the likelihood ratio test (stepwise forward
model).

Hazard ratio (95% confidence interval) " value
OS 0.46 (0.24–0.86) 0.016
DFS 0.34 (0.23–0.81) 0.009

The two groups (good responders versus bad responders)
on the two TGR (Mandard and Dworak) are statistically
comparable with respect to age, sex, clinical stage, and
surgical procedures performed with the exception of tumor
distance from anal verge (" = 0.009/" = 0.02), ypN stage
(ypN0/ypN+) (" =< 0.001/" = 0.001), and ypT stage (ypT0-
2/ypT3-4) (" < 0.001/" < 0.001) (Tables 1 and 2).

Cox regression model indicates that Mandard TRG is
the only independent factor influencing overall survival (OS)
and DFS after factoring in the following variables: Mandard
TRG, Dworak TRG, ypN stage (ypN0/ypN+), ypT stage, and
distance from anal verge (Table 5).

4. Discussion

Neoadjuvant CRT followed by TEM surgery is the widely
accepted treatment for LARC [22–24]. Histologic changes
after neoadjuvant CRT for rectal carcinoma vary consider-
ably, with some entities showing complete absence of tumor
cells, whereas others exhibit a mass of tumor cells with little
or no regressive changes. Besides complete response, partial
response can also be quantified. Amethod to assess treatment
response is accomplished by grading histologic changes in
the resected specimen that are caused by neoadjuvant CRT.
Tumor regression grading has been proposed in a variety of
classifications but their accuracy to correlate CRT induced
histological changes with disease prognosis is not always
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Figure 3: Five-year overall survival, comparison of the two groups
Mandard.

present. Although there are no consensual pathological stan-
dards, Mandard and Dworak systems [12, 13] are broadly
being used. For this reason we applied them in our studies.
The former one essentially counts the number of residual
tumor cells while the later one focuses on the quantification
of fibrosis (Figures 1 and 2).

Both have 5 levels and are consistent in identifying a
complete response (ypCR) but differences arise when the
response is partial. Although early data suggest that the
greatest degree of tumour regression is associated with the
best clinical outcome, the clinical implication of moderate
degrees of tumour regression is currently unclear.

In our studies the outcome for patients with a near com-
plete response (Mandard TRG2 or Dworak TRG3) is almost
similar to the outcome for patients with complete response
(Mandard TRG1 or Dworak TRG4). This result suggests
that it may be possible to combine tumors into a group of
good responders (Mandard TRG1+2/Dworak TRG4+3) and
a group of bad responders (Mandard TRG3+4+5/Dworak
TRG2+1+0), since those who show significant histopatho-
logical regression and complete pathologic regression have
a similarly better prognosis than the remaining poorly
responding patients. This kind of division was also used
by other authors [15, 19, 20, 25]. Our experience tells us
that in defining a near complete response, Mandard TRG2
identifies a larger number of patients with better prognosis
than Dworak TRG3. This finding may explain the better
correlation betweenMandard grading and disease prognosis,
rather than with Dworak grading. Good responders have
higher 5-year overall survival and 5-year disease free survival
than bad responders, albeit these results are statistically
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Figure 4: Five-year disease-free survival, comparison of the two
groups Mandard.

significant only when Mandard system is considered. In
our analysis a good response, defined as Mandard 1 and 2
classifications, was present in 70 of the 139 patients receiving
CRT (50.4%).

However, the TRG cannot be considered as the only
prognostic factor that affects rectal cancer patient’s survival
rate after chemoradiotherapy; sphincter saving surgery rate,
CMR status, local recurrence rate, perineural invasion, and
ypT and ypN stages are also thought to be crucial prognostic
factors [7, 15, 26, 27]. In our series we analyzed those variables
in the TRG groups created.The presence of a good response
in either one of the two systems did not have an impact
in terms of sphincter preservation surgery. When response
was good in both TRG an estimated 78.5% reduction of
positive lymph nodes was achieved when clinical values were
compared (uN+ = 28) against pathological ones (ypN+ =6). These aspects contributed to lowering locoregional and
distant recurrence in good responders. It is possible that the
impact of a good response in obtaining radial margins greater
than 1mmand the reduction of the number of positive lymph
nodes and the pathological T stage have contributed in an
effective way to increase the survival of this subgroup.

Mandard system,which shows theCRT effect, seems to be
an additional prognostic factor that, along with TNM stage,
predicts the survival and recurrence rates. A patient with a
good response byMandard is estimated to face a hazard ratio
that is only 46% of the hazard faced by a patient who had a
bad response (Table 5).

Some biases and limitations of our study can be pointed
out: the series is small; the histology of all surgical specimens
was reviewed retrospectively; the study protocol did not
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Figure 6: Five-year disease-free survival, comparison of the two
groups Dworak.

provide extra paraffin blocks from surgical specimen to
confirm pCR diagnoses. The number of dissected lymph
nodes, average 8.2 (0–22), can also be seen as a limitation.
In order to better take advantage of our data, we intend to
proceed with continued research in this area and to increase
the number of patients enrolled in this study, maintaining as

we have done so far: a single-institution database, a single
and well-defined operative procedure, and the revision of
all surgical specimens by an independent and experimented
pathologist.

Finally, standardization of the Mandard TRG system and
more research on the factors that affect the Mandard TRG
need to be done. Clearly, the accuracy, reliability, and validity
of the TRG system needs to be further investigated.

The clinical validation of a universally accepted regression
scoring system is a key research priority.

5. Conclusion

The presence of tumor regression can be considered a
prognostic factor. In terms of regression gradesMandard was
the one that best correlated with the presence of therapeutic
response and prognosis. The presence of a good response
in terms of Mandard tumor regression grade was associ-
ated with a lower incidence of locoregional recurrence and
improved survival.
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ABSTRACT
Background: There´s no consensus about clinicopathological 
prognostic factors in locally advanced rectal cancer (LARC), 
treated with neoadjuvant chemoradiotherapy (nCRT) followed 
by total mesorectal excision (TME) surgery. In those cases, nCRT 
plays an important role. Better survival is achieved only if nCRT 
response was performed . Our aim is to achieve the prognostic 
factors for survival analysis. 
Materials and Methods: 167 patients with LARC were treated 
with nCRT and curative TME surgery. Tumor biopsies and surgi-
cal specimens were reviewed and analyzed for differentiation, 
mitosis number, necrosis, desmoplastic  reaction  and inflam-
matory infiltration grade. Surgical specimens were classified 
according Mandard tumor regression grade (TRG). The patients 
were divided as: “good responders” (Mandard TRG1-2) and 
“bad responders” (Mandard TRG3-5). We examined clinical and 
pathological characteristics in biopsies and also in resected 
specimen with potential prognostic value for disease outcome. 
Statistical analysis was performed. Results in univariate analysis 
had prognosis value only for post treatment variables. In the 
multivariate model had independent prognosis value for overall 
survival (OS) Mandard TRG(p<0.001) and for disease-free survi-
val (DFS) Mandard TRG(p=0.003) and yp nodal stage(p=0.028). 
Conclusions: Only pathological parameters had prognosis value. 
Mandard system provides an important tool for survival analy-
sis. Mandard TRG and pathological nodal stage were the main 
factors in survival analysis.

RESUMO
Objetivos: Não existe um consenso relativamente a fatores 
clinicopatológicos de prognóstico no cancro do reto localmente 
avançado (CRLA) nos doentes em que a opção terapêutica foi  
quimiorradioterapia neoadjuvante (QRTn) seguida de cirurgia 
com excisão completa do mesorreto (ECM).  Nestes casos 
uma melhor sobrevivência apenas é obtida nas situações em 
que há uma resposta tumoral evidente à QRTn . Este trabalho 
tem por objectivo a análise dos fatores de sobrevivência neste 
grupo de doentes.
Material e métodos: 167 doentes com CRLA foram tratados 
com QRTn e cirurgia com ECM. As histologias das biopsias 
tumorais e das peças cirúrgicas foram revistas e analizadas 
em termos de diferenciação tumoral, número de mitoses, 
grau de necrose, reação desmoplásica e infiltrado inflamató-
rio. As peças cirúrgicas foram classificadas de acordo com 
a escala de regressão tumoral de Mandard, com subdivisão 
dos doentes em respondedores (TRG 1-2) e fracos responde-
dores (TRG 3-5). Foi avaliado o valor prognóstico  das  várias 
caracteristicas clínicas e as patológicas. As variáveis foram 
analizadas estatisticamente. 
Resultados: En análise univariada apenas foram encontradas 
variáveis pós-operatórias com valor prognóstico.  Em modelo 
multivariável  dois parâmetros apresentam valor independen-
te de prognóstico: para a sobrevivência geral  a resposta a 
Mandard (p>0.001) e para a sobrevivência livre de doença  
a resposta a Mandard (p=0.003) e o estadio patológico 
ganglionar(p=0.028).
Conclusões: Neste estudo apenas parâmetros patológicos 
tiveram valor prognóstico. A aplicação da escala de Mandard 
constituiu uma importante ferramenta na análise da sobrevi-
vência. A resposta a Mandard e o estádio patológico ganglionar 
foram os principais fatores de sobrevivência. 

Patients with locally advanced rectal cancer  treated with 
neoadjuvant  chemoradiotherapy and curative surgery: 
Prognostic  factors for survival
Fatores de prognostico em doentes com cancro do reto 
localmente avançado tratados com quimiorradioterapia 
neoadjuvante e cirurgia curativa
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INTRODUÇÃO

Treatment  of locally advanced rectal cancer (LARC) 
is one of the biggest challenges in digestive onco-
logy. Results depend on appropriate plan based on 
neoadjuvant therapeutic and/or curative surgery. 
Customized therapy must consider also tumor bio-
logical data features  and tumor chemoradiotherapy 
response. These aspects although their real utility 

aren’t well  known and they are poorly predictable. 
Until new advances in knowledge fail to come, 
neoadjuvant  chemoradiation followed by total 
mesorectal excision (TME)surgery and systemic 
chemotherapy still remains the standard of care for 
LARC.To Identify prognostic factors in LARC trea-
ted with neoadjuvant chemoradiation had become 
a major goal of several studies and may contribute 
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to clarify some issues that remain open, such as: 
which patients actually benefit from neoadjuvant 
CRT, how to identify CRT “bad responders”, how 
to identify patients at high risk of recurrence.

There´s still no consensus about the  clinicopa-
thological prognostic factors in patients treated that 
way. Published results are often unlike. Many of the 
results reported in different series are conditioned 
by the study design. The absence of a standard 
design may explain the lack of results consistency.   

The present study aims to evaluate clinical and 
pathological prognostic factors of survival in pa-
tients with LARC,  treated with neoadjuvant CRT 
followed by TME surgery.

MATERIALS AND METHODS 
Patient population
A single-institution database was queried for 
consecutive patients with LARC, biopsy-proven 
rectal adenocarcinoma, who underwent neoad-
juvant CRT followed by elective radical surgery 
with TME with curative intent between January 
1, 2003, and October 30, 2013.
Admission criteria: patients with rectal cancers 
located less than 12 cm distance anal verge and 
clinical stage clinical stage cT2N+M0 or cT3/4 
N0/+M0.
Exclusion criteria: patients with other diagnosed 
neoplasia, short course RT, yp stage IV, R1/R2 sur-
gery, and death within 60-day postoperative time.

All patients receiving neoadjuvant CRT who 
were operated within 8 weeks after radiotherapy 
conclusion were included in this analysis. Patients 
receiving short-course radiation were excluded , 
since no downstaging occurs when immediate 
surgery is carried out.

Staging included rigid proctoscopy, total colo-
noscopy, chest, abdominal and pelvic CT scan, 
endorectal ultrasound (ERUS), pelvic magnetic 
resonance image (MRI) (since 2008), and carci-
noembryonic antigen (CEA) serum levels.

The available pre-treatment paraffin embedded 
tumor samples of the patients included in the 
study (152, 91%) was reviewed and confirmed 
by an independent element and was characterized 
in grade, mitosis number (for 10 fields), necrosis 
grade (scarce/moderate/marked), inflammatory 
reaction (scarce/moderate/marked) and desmo-
plastic infiltration (scarce, moderated, marked).

The neoadjuvant CRT protocol included a total 

n TABLE 1  
Clinical parameters

Variable N (%) 

Age
   mean
   range

64.62
(29-83)

Gender
  male
  female

105 (62.9)
62 (37.1)

Tumor lengh
   < 4 cm
   ≥ 4 cm and < 6 cm
   ≥ 6 cm

41 (24.6)
85 (50,8)
41 (24.6)

Tumor circumference
   ≤ 1/3
   > 1/3 and ≤ 1/2
   > 1/2 and ≤ 2/3
   > 2/3 and ≤ 3/3

27 (16.2)
59 (35.3)
39 (23.4)
42 (25.1)

Anal-tumor distance
  < 6cm
  ≤ 6cm

 (4 . )
8  (5 . )

CEA pre-CRT
  < 5
  ≥ 5
  missing

116 (69.5)
44 (26.3)
7 (4.2)

Clinical stage
  II
  III

7  (4 . )
9  (5 . )

Variable N (%) 

CEA post-CRT
   < 5
   ≥ 5
  missing

141 (84-4)
14 (8.4)
12 (7.2)

Surgery procedure
 AAR/SSO
 AAP/others

10  (64. )
   (35 )

Surgery
  open
  laparoscopic

129 (77.2)

Perioperative complications
  Morbidity
       abdominal or pelvic abscess
       anastomose leak
  Reoperation
  Readmission 

42 (25.1)

 ( . )
 ( . )

6 (3.5)
3 (1.7)
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irradiation of 50.4 Gy in 28 fractions and 5-fluo-
rouracil by infusion pump.

Radical surgery was consisted mainly for low 
abdominal resection  (LAR)/ sphincter saving 
rectal resection (SSRR) or abdominoperineal 
excision (APE) with TME. Regarding operative 
procedure selection, we considered the distance 
of the lesion to the anus, the comorbidities of the 
patient, and the condition of the anal sphincter.

Operated patients were subjected to adjuvant 
chemotherapy protocol for 6 months performed 
preferably with 5-fluorouracil (5-FU) or a com-
bination 5-FU and oxaliplatinum.

Standard pathologic tumor staging of the resec-
ted specimen was performed in accordance with 
the guidelines of the American Joint Committee 
on Cancer (AJCC). Circumferential resection 
margin (CRM) was scored positive when cancers 

cells were within 1 mm of the margin. Evidence of 
ypCR was defined as an absence of viable adeno-
carcinoma in the surgical specimen or mucus lakes 
presence without tumor cells. The histology of all 
surgical specimens was reviewed and confirmed by 
an independent element and was classified based 
on Mandard tumor regression grading system.

Patients were divided in 2 Groups according 
to Mandard TRG system, good responders were 
defined as Mandard TRG1+TRG2; bad responders 
were defined as Mandard TRG3+TRG4+5.The 
groups (good responders versus bad responders) 
were used to evaluate outcome results.

Disease recurrence was evaluated according to lo-
cation: locoregional (LR), systemic (DR), or mixed.

Follow-up visits were scheduled every 3 months 
in the first 2 years following operation, and every 
6 months for subsequent years . The patients were 
referred to every 3 months follow-up visits to re-
peat physical and digital rectal examination and 
serum CEA levels at the first two years ,and after 
that every 6 months. Abdominal and pelvic CT 
scans and chest radiographs were repeated every 
6 months during the first two years and annually 
after this time. Colonoscopy was performed  one 
year after surgery and  every three years beyond.

None of the patients were lost for follow up.
All surviving patients were observed and their 

current status was confirmed.
Clinical nodal staging may present some inac-

curacies; consequently, the evaluation of downs-
taging including N stage, may introduce some 
bias, so the term “downstaging” used to describe 
the treatment efficacy was defined specifically as 
T stage downstaging.

Statistical analysis
Overall survival (OS) was calculated from the 
first date of treatment to the date of death or last 
follow-up and disease-free survival (DFS) was 
calculated from the date of surgery to the date of 
progression (local and/or distant).

The survival function was estimated using the 
Kaplan–Meier method. The difference in survi-
val curves between groups was analyzed using 
the log–rank test. A Cox proportional hazard 
regression model was performed to estimate 
prognostic factors associated with survival: age, 
gender, clinical stage, anal–tumor distance, pre-
-treatment CEA, mitosis number biopsy, necrosis 

n TABLE 2  
Biopsies characteristics

Variable N (%) 

Biopsy
   grade
      1
      2
      3
      missing

46 (27.5)
98 (58.7)
8 (4.8)
15 (9.0)

   Mitosis number
      ≤ 9,5
      ≥ 9,6
      missing/not applied

34 (20.4)
117 (70.0)
16 (9.6)

   Inflammatory infiltrate
      scarce
      moderated
      marked
      missing/not applied

33 (19.8)
66 (39.5)
52 (31.1)
16 (9.6)

   desmoplastic reaction
      scarce
      moderated
      marked
      missing/not applied

44 (26.3)
80 (47.9)
27 (16.2)
16 (9.6)

   necrosis degree
      scarce
      moderated
      marked
      missing/not applied  

79 (47.3)
40 (23.9)
32 (19.2)
16 (9.6)



Locally Advanced Rectal Cancer: Prognostic Factors and their Implications on Therapeutic and Survival 

Marisa Domingues dos Santos 
 Page 82 PhD thesis

12  REVISTA PORTUGUESA DE COLOPROCTOLOGIA | MAI/OUT 2015

ARTIGO ORIGINAL
ORIGINAL ARTICLE

biopsy, desmoplastic infiltration biopsy, inflam-
matory reaction biopsy, CEA post-CRT, surgery 
procedure, morbidity surgical procedure, tumor 
grade, tumor desmoplastic infiltration, tumor 
inflammatory reaction, tumor vascular venous 
invasion ,tumor limphatic invasion, tumor pe-
rineural invasion, pathologic stage, circumferen-
tial involvement, tumor mitosis number, tumor 
necrosis, T downstaging and Mandard TRG res-
ponse. Univariate analysis studied survival with 
respect to the parameter under investigation. The 
significance of differences in proportions was 
calculated with Chi-square test and the differen-
ces in means with Student’s t test. Multivariate 
Cox stepwise likelihood ratio  analysis evaluate 
prognostic factors after adjustment for the effect 
of the other elements. 

 The analysis was done using SPSS statistical 
software (version 21.0 for Windows; SPSS Inc., 
Chicago, IL). All statistical tests were conducted 
at a two-sided test with a level of significance 
of 0.05.

RESULTS
Patient population: Between January 2003 and Oc-

n TABLE 3  
Pathological parameters

Variable N (%) 

yp T stage
   pTO-1
   pT2-4

38 (22.8)
129 (77.2)

yp N stage
   pN0
   pN1-2

110 (65.9)
57 (34.1)

Pathological stage
   0
    II
    III

58 (34.7)
58 (34.7)
51 (30.5)

T downstaging
   yes
   no

67 (40.1)
100 (59.9)

Pathological TNM downstaging
   yes
   no

95 (56.9)
72 (43.1)

CRM distance
   > 2mm
   ≤ 2 and > 1mm

159 (95.2)
      8 (4.8)

Mandard TRG
   TRG 1-2 (good responders)
   TRG 3-5 (bad responders)

86 (51.5)
81 (48.5)

Variable N (%) 

Other characteristic of resected specimen
   Grade
          0 
          1
          2
          3

32 (19.2)
31 (18.6)
98 (58.7)
6 (3.6)

   Mucinours presence
          yes
          no

 Inflammatory infiltrate
          scarce
          moderated
          marked
          missing

60 (35.9)
75 (44.9)
28 (16.8)
4 (2.4)

   Desmoplastic reaction
          scarce
          moderated
          marked
          missing

45 (26.9)
64 (38.3)
51 (30.5)
7 (4.2)

  Necrosis grade
          scarce
          moderated
          marked
          missing

27 (16.2)
38 (22.8)
99 (59.3)
3 (1.8)

   Mitosis number
          ≤ 9.5
          > 9.5
          missing

73 (43.7)
68 (40.7)
26 (15.6)

   Linfatic permeation
          no
          yes

100 (59.9)
67 (40.1)

 Vascular permeation
          no
          yes

142 (85)
25 (15)

 Perineural permeation
          no
          yes

96 (57.5)
71 (42.5)

   Distal margin
          ≥ 2cm
          < 2cm and ≥ 1cm

108 (65.7)
59 (35.3)   
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tober 2013, 186 consecutive patients with LARC 
were treated with neoadjuvant CRT  follow by 
TME surgery at one single University Hospital. We 
excluded for the study: 11 patients with positive 
radial margin (R1 surgery), 4 patients yp stage 
IV, and 4 deaths within 60 days of postoperative 
period. Definitively, 167 patients were included 
for the present analysis. The male:female ratio was 
1.69:1.00. The median age was 64.8 years (range, 
32–82 years). Clinical parameters are summarized 
in Table 

Table 2 shows biopsies characteristics 
analyzed.
Surgery: Low abdominal resection (LAR) or 
sphincter saving rectal resection (SSRR) with 
anastomosis (with or without protective ileos-
tomy) was performed on 108 patients (64.2%). 
Abdominoperineal excision (APE) was performed 
on 52 patients, and seven patients were subjected 
to proctectomy with definitive stoma. The perio-
perative morbidity of the series was of 25% with 
11 abdominal or pelvic abscesses, 2 anastomose 
leaks, 5 reoperations, and 2 readmissions.
Pathology: Stage distribution is shown in Table 3. 
The average number of dissected lymph nodes in 
the surgical specimen was 8.2 (range 0–22). Circu-
mferential resection margin >1 mm was confirmed 
in all 167 patients.

Response to neoadjuvant therapy is characteri-
zed in Table 3.

Downstaging and final pathologic stage 
classification. T stage downstaging was observed 
in 67 patients (40.1%). Reduction in T stage by 
one level was observed in 29 patients (17.4%) 
and by two or more levels in 38 patients (22.8%). 
Observations indicating pathologic downstaging 
are given in Tables 3. Ninety five (56.9%) patients 
presented one or more inferior pathologic stage ca-
tegory than initial clinical tumor stage. Pathologic 
complete response (ypCR or Mandard TRG1) was 
confirmed in 31 patients (18.5%).

TRG Classification. The use of Mandard system 
allowed us to define two groups as previously men-
tioned: good responders (Mandard TRG1-2) and 
bad responders (Mandard TRG3-5).Using Man-
dard system a good response to neoadjuvant CRT 
was attributed to 86 patients (51.5%) and a bad 
response was attributed to 81 patients (48.5%).

Table 4 and figure 1 shows long term clinical 
outcome, relapse of disease and survival. With 
a median follow-up of 66 months (range, 6–148 
months), five years overall survival (OS) were 
74,6% , five years disease free survival (DFS) 
were 73,3% and pelvic control was 95.8%. Seven 
patients (4.2%) developed pelvic recurrence (3 iso-
lated and 4 with synchronous metastatic disease) 
and 21 (12.6%) distant metastases alone. 

Two of seven pelvic recurrence occurs later in the 
outcome – after 18 months of follow-up (28 and 45 
months). Twelve of 167 patients have more than 
18 months of follow-up but less than 36 months. 
Local recurrence rises slightly to 4, 5% (7/155) if 
we considerer only patients with more than 36 
months of follow-up.  

Thirty three variables (tables 1, 2 and 3) were 
subjected to univariate analysis for prognostic 
significance (including morbidity). Of these, only 
seven were associated with adverse prognosis 
with significance that is considered to enter in 
the multivariate model (p<0.15): Mandard TRG 
3-5 (bad responders), CMR<2 mm, pathological 
T stage 3/4, pathological N+ stage, absence of T 
downstaging, abcense of TNM downstaging and 
differentiation grade 2/3 specimen (table 5). Most 
of them are related with tumor downstaging   and 
/or with tumor CRT response. 

The seven variables with survival p value <0.15 
were entered into the cox model. The selection 

n TABLE 4  
Clinical long term outcome (follow-up median: 
64 months; range 6-148)

Variable

Overall disease recurrence
local
distant
local and distant

29 (17.3%)
5 (3%)
22 (13.2%)
2 (1.1%)

Five year overall survival 74.6% (se=3.8%)

Five year disease-free survival 73.3% (se=3.8%)

Five year overall survival for 
“good responders”
Five year overall survival for 
“bad responders”

88.3% (se=3.5%)
   p<0.001 (Log Rank test)
58.3% (se=6.5%)

Five year disease-free survival 
for “good responders”
Five year disease-free survival 
for “bad responders”

87.1% (se=4.1%)
   p<0.001 (Long Rank test)
57.7% (se=6.2%)
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was based upon their statistical significance in 
univariate analysis and their potential clinical 
interaction. Death related with rectal cancer was 
the event considered. 

In cox model one of these factors were identified 
to have independent significance for overall disea-
se (Mandard TRG response) and two for disease-
-free survival: Mandard TRG response and ypN 
stage. Based on these findings, patients with bad 
response (Mandard TRG3-5) had HR of death 
3.42 higher than patients with good response for 
overall survival (p<0.001); patients with Mandard 
bad response (TRG3-5) and ypN+ had HR of death 
2.70 and 2.01 higher than patients with Mandard 
good response and ypN0  (p=0.003 and p=0.028, 
respectively) (table 6).

DISCUSSION
Neoadjuvant chemoradiotherapy (nCRT) in lo-

cally advanced rectal cancer (LARC) treated with 
total mesorectum excision (TME) surgery still 
plays a key role: improves local disease control 
and when chemoradiotherapy response is present 
, provides better survival.1, 2

However, nCRT interfere and may change the 
survival impact of traditional prognostic factors.   

The most prognosis factors in LARC have been 
related with downstaging and tumor response. 

Generally the clinical factors have prognostic 
value only, if they are predictive to near complete 
or complete pathological response to nCRT.   

In LARC, the traditional pretreatment clinical 
prognostic factor identified in others studies 
such age, gender, clinical stage, tumor mobility, 
circumference of the rectal wall involved in the 
tumor are poorly associated with survival, except 
tumor distance from anal verge and preoperative 
CEA levels.3-8 Although tumor distal location and 

n TABLE 5  
Shows survival variable with p value <0.15 (Log Rank test)

Variable n 5-year Overall survival
(standard error)

Pvalue 
(Log rank test)

5-Year Disease 
free survival 
(stand error)

Pvalue
(Log rank test)

Mandard response
   TRG1-2 (good response)
   TRG3+3+4+5 (bad response)

86
81

0.850 (0.044)
0.559 (0.067)

< 0.001 0.836 (0.046)
0.566 (0.065)

< 0.001

CRM distance
              > 2mm
              ≤ 2 and > 1mm

159
8

0.737 (0.041)
0.281 (0.222)

0.066 0.723 (0.041)
0.500 (0.177)

0.089

Ypt stage
   0-2
   3-4

62
105

0.828 (0.055)
0.551 (0.077)

0.031 0.826 (0.056)
0.641 (0.054)

0.055

YpN stge
   0
   1-2

110
57

0.806 (0.044)
0.551 (0.077)

0.002 0.786 (0.046)
0.569 (0.073)

< 0.001

T downstaging
   Yes
   No

67
100

0.793 (0.059)
0.670 (0.055)

0.110 0.790 (0.050)
0.656 (0.054)

0.053

Pathological TNM downstaging
   Yes
   No

96
70

0.802 (0.050)
0.619 (0.064)

0.091 0.795 (0.050)
0.597 (0.064)

0.019

Differentiation grade  
in resected specimen
   0+1
   2+3

52
115

0.852 (0.061)
0.665 (0.050)

0.033 0.852 (0.070)
0.649 (0.050)

0.015
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preoperative serum CEA levels >5ng/ml are the 
most often connoted as being poor prognosis and/
or predictive of poor response3, 4, we can´t confirm 
those facts in this study.

Tumor differentiation grade, necrose grade and 
mitosis number are some of tumor characteristics 
related with tumor biology. In our series biopsies 
characteristics, namely differentiation grade, 
mitoses number, necrosis, inflammatory and 
desmoplastic reaction amount, had no utility to 
recognize tumor behavior. 

The delay of surgery after radiotherapy com-
pletion in 8 to 12 weeks  seems to increase pa-
thological complete response (ypCR) rate up to 
30 to 40%.9-12

The impact of the delayed surgery after chemo-
radiation can´t be verified in this case because our 
patients went to surgery 8 weeks  (mean) after 
radiotherapy completation. According to  Fang, 
this aspect offered no clear benefits in terms of 
complete tumor response or downstaging.13 In 
contrary a meta-analysis performed by Petrelli14 

and al. states  waiting for surgery longer than 
the classical 6 to 8 weeks after preoperative CRT 
significantly increase pCR with similar wound 
and anastomotic complications. We have 18,5% 
of pCR (31/167)  in agreement with the literature.

The type of surgical procedure in LARC also 
may affect survival.15, 16 Traditionally, oncological 
clearance in abdominoperineal excision (APE) of 
the rectum is thought to be inferior to resection 
with higher rates of circumferencial resection 

margin (CRM) involvement and subsequent in-
creased risk of local recurrence.17 However Dutch 
study suggest APE itself is not a strong predictor 
anymore for CRM involvement after rectal cancer 
sugery, except in advanced tumors.[18] For tho-
se, the advent of cylindrical APE or extralevator 
abdominal excision (ELAPE) is recommended 
with lower rates of CRM involvement and lower 
rates of intraoperative tumour perforation.19  This 
may explain the fact that our data in low anterior 
resection (LAR) didn’t had better prognosis than 
APE. The exclusion of cases with CMR< 1 mm 
in our study design, may be another reason for 
this results. 

Tumor regression grades evaluate tumor res-
ponse to neoadjuvant treatment, mainly in CRT. 
TRG scale inclusion  in the  analysis of patholo-
gical variables in resected specimen was crucial 
for prognosis factors identification. The value of 
tumor regression grading systems, as an indepen-
dent prognostic factor for disease-free survival has 
been demonstrated in several studies.2, 20-22

There are several tumor regression systems 
trying to quantify the response to CRT and ulti-
mately to have a prognostic value.23-26

In order to quantify neoadjuvant CRT respon-
se, several grades can be used, being particularly 
important in situations where the pathological 
response is not complete. Most have 3 to 5 le-
vels, allowing group creation according to the 
responses.23, 25, 26

There is no consensual regression grading sys-

n TABLE 6  
Multivariate Cox model stepwise forward likehood

Five year overall survival

Variable Hazard ratio Confidence interval 95% P

Mandard response
   Bad (TRG 3-5)/ Good(TRG1-2) 3.42 1.858-6.307 < 0.001

Five year disease-free survival

Variable Hazard ratio Confidence interval 95% P

Mandrad response
   Bad (TRG 3-5) / Good (TRG1-2) 2.70 1.394-5.246 0.003

Yp Nodal stage
   positive/negative 2.01 1.077-3.736 0.028
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tem for surgical specimens with resected tumor 
specimens after neoadjuvant chemoradiotherapy. 
A common, largely accepted, standardized and 
validated TRG system does not exist, so the publi-
shed systems vary in the definition of categories, 
interfering with studies results. This lack of con-
sensus impeaches clinical management and leaves 
clinicians without a uniform scoring regression 
system to guide their decisions.

While there are substantial data regarding the 
relationship between ypCR and improved onco-
logic outcomes, the prognostic significance of 
“near complete” response to CRT has not been 
extensively evaluated.2 In the most studies, only  
the  pathological complete response is correlated 
to best long outcome and survival improvement.27

In our experience definition of “near complete 
response” makes the difference in terms of accu-
racy of prognosis. To us, “good responders” are 
those patients with complete or near complete 
response . All the others are “bad responders”.

We use Mandard scale instead of Dworak scale 
for quantify tumor response that was more accu-
rate  and  we defined two groups of patients: good 
responders (Mandard TRG1-2) and bad respon-
ders (Mandard TRG3-5) based in our previous 
results.[28] Also In our experience  the outcome 
for patients with a near complete response (Man-
dard TRG2 or Dworak TRG3) is almost similar to 
the outcome for patients with complete response 
(Mandard TRG1 or Dworak TRG4).29 As a matter 
of fact, this methodology allowed us defined two 

groups with different prognosis,  and is consistent 
with results shown by other groups : a group of 
good responders (Mandard TRG1-2) and a group 
of poor responders (Mandard TRG3-5), since 
those who show significant histopathological re-
gression and complete pathologic regression have 
a similarly better prognosis than the remaining 
poorly responding patients. 

This kind of division was also used by other 
authors.7, 20, 21, 24 Beddy et al.30 used Mandard TRG 
and observed better DFS in the combined group of 
patients having either complete response or near 
complete response (TRG1-2) compared with the 
remaining patients. Dhadda et al.20 applied Man-
dard system and the results obtained suggested 
improved DFS and OS after preoperative CRT  in  
TRG2 versus TRG3 in Cox regression  analysis.  
Others series with different TGR system and 
multivariate analyses failed to demonstrate the 
prognostic value of TRG for DFS.24, 31

Beyond TRG value, tumor downstaging, patho-
logical TNM stage and CMR of surgical specimen 
also reflected on neoadjuvant CRT tumor response 
and are considered in several studies the mainly 
prognostic factors of survival.2, 27, 32-35

The term “downstaging” used to describe the 
efficacy of treatment was defined specifically as 
T stage downstaging or TNM downstaging. T 
stage downstaging  was observed in 40.1% of 
our patients, including 18,5% with  pathologic 
complete response (ypCR or Mandard TRG1), 
while TNM downstaging were present in 56.9%; 
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FIGURE 1. Survival Curves (follow-up median: 64 months; range 6-148)



Locally Advanced Rectal Cancer: Prognostic Factors and their Implications on Therapeutic and Survival 

Marisa Domingues dos Santos 
PhD thesis Page 87 

yet, only TNM downstaging had statistic 
survival value in univariate analysis and none 
in multivariate analysis. De Campos-Lobato 
et al refer that downstaging without pCR is a 
significant prognostic factor for patients with 
stage cIII rectal cancer.36

CMR positivity is a risk factor for local 
recurrence and may decrease survival.37 The 
influence of this factor was limited by the 
exclusion of cases with CMR ≤ 1 mm in our 
study design (11 patients). In our case CMR 
>1 and ≤2 mm (8 patients) not  had a nega-
tive impact on survival when compared with 
CMR> 2mm in uni or multivariate analysis. 

In most studies, pathologic T category and 
nodal status after neoadjuvant CRT still re-
mains the most important independent prog-
nostic factors for DFS.24, 35, 38, 39 The reason for 
these different results found in literature can 
be related to several differences in number 
of patients of the studies, follow-up interval, 
criteria of patients inclusion, regimens of 
neoadjuvant CRT, time-interval between CRT 
and surgery, R1 definition, TRG system used 
and different adjuvant therapy protocols.

In our data, the variables with impact in 
survival are all pathological factors and rela-
ted with response to nCRT : Mandard TRG 
3-5 (bad responders), pathological T stage 
3/4, pathological N+ stage, abcense of TNM 
downstaging and differentiation grade 2/3 
in resected specimen, were associated with 
adverse prognosis with statistical significance 
(p<0.05).

In multivariate analysis only response to 
Mandard and yp nodal stage are prognosis 
value.  Bad responders with pathological po-
sitive nodes form the worst prognosis group.  

Patients with bad response (Mandard 
TRG3-5) had HR of death 3.42 higher than 
patients with good response for overall sur-
vival (p<0.001); patients with Mandard bad 
response (TRG3-5) and ypN+ had HR of 
death 2.70 and 2.01 higher than patients with 
Mandard good response and ypN0  (p=0.003 
and p=0.028, respectively). 

CONCLUSIONS
Mandard system provides an important tool 
for survival analysis. Mandard TRG response, 
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which shows the CRT effect, seems to be a prog-
nostic factor that, along with pathological nodal 
stage, predicts the survival and recurrence rates. 
Patients with Mandard bad response and patho-
logical positive nodes had worse prognosis than 
patients with Mandard good response and patho-
logical negative nodes, and may eventually benefit 
from a more aggressive adjuvant treatment.  n
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Background. Neoadjuvant chemoradiotherapy (nCRT) followed by curative surgery in locally advanced rectal cancer (LARC)
improves pelvic disease control. Survival improvement is achieved only if pathological response occurs. Mandard tumor regression
grade (TRG) proved to be a valid system to measure nCRT response. Potential predictive factors for Mandard response are
analyzed.Materials andMethods. 167 patients with LARCwere treatedwith nCRT and curative surgery. Tumor biopsies and surgical
specimens were reviewed and analyzed regarding mitotic count, necrosis, desmoplastic reaction, and inflammatory infiltration
grade. Surgical specimens were classified according to Mandard TRG.The patients were divided as “good responders” (Mandard
TRG1-2) and “bad responders” (Mandard TRG3-5). According to results from our previous data, good responders have better
prognosis than bad responders.We examined predictive factors forMandard response and performed statistical analysis.Results. In
univariate analysis, distance from anal verge and ten other postoperative variables relatedwith nCRT tumor response had predictive
value for Mandard response. In multivariable analysis only mitotic count, necrosis, and differentiation grade in surgical specimen
had predictive value. Conclusions. There is a lack of clinical and pathological preoperative variables able to predict Mandard
response. Only postoperative pathological parameters related with nCRT response have predictive value.

1. Introduction

Neoadjuvant chemoradiotherapy (CRT) followed by total
mesorectum excision (TME) surgery and systemic chemo-
therapy remains the standard of care for locally advanced
rectal cancer (LARC), but only a few patients benefit from
this treatment modality. Sauer et al. [1] reported a per-
sistent significant improvement of preoperative CRT ver-
sus postoperative CRT on local control, although without
overall survival improvement, which is only achieved in
situations of good or complete pathological response to CRT

[2, 3]. Chemoradiation induces tumor downstaging effect,
which increases the probability of a complete resection and
a sphincter- preserving surgery, benefiting local control.
However, some patients still develop distant and/or local
recurrence that compromise survival, particularly those with
poor pathological tumor response.The histological response
to preoperative CRT has been reported in several studies
to be closely related to oncologic outcomes [2, 4–7]. A
complete pathologic response (pCR), which is characterized
by sterilization of all tumor cells, leads to excellent prognosis
and is observed in approximately 10% to 30% of cases [8].
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The remaining patients exhibit a spectrumof residual disease,
ranging frommicroscopic tumor cell foci on a background of
radiation-induced fibrosis to no response at all [9].The prog-
nostic relevance of pathological tumor response according to
several standard grading criteria has been studied extensively
[4, 10–13]. In our previous study, the Mandard system proved
to be a good determinant of outcome, when cases were
grouped into TRG1+2 (good responders) and TRG3+4+5
(bad responders). This methodology proved superior com-
pared to division in groups of ypCR (TRG1) versus all
other (TRG2–5) regarding disease-free survival (DFS) and
overall survival (OS) [14]. For this reason it would be of
great value to predict nCRT-induced histologic regression
and tumor shrinkage. The ability to predict the response,
either before treatment or during its early stages, could
spare “bad responders” patients the expense and stress of
undergoing treatment fromwhich they will derive no benefit.
Instead, these patientswould be candidates formore intensive
treatment strategies. Identifying “bad responders” only in
posttreatment may also be an indicator for a different and
more intensive adjuvant therapy. Nowadays, individualizing
the treatment approach in LARC is a demanding goal to
achieve.

The present study aims to analyze predictive factors of
Mandard tumor response, trying to identify and characterize
the “good” and the “bad responders,” comparing classic
histological data obtained from diagnostic biopsies with his-
tological alterations from surgical specimens after treatment.

2. Materials and Methods

2.1. Patient Population. A single-institution database was
queried for consecutive patients with LARC, biopsy-proven
rectal adenocarcinoma, who underwent nCRT followed by
elective radical surgery with TME with curative intent
between January 1, 2003, and December 31, 2013.

Admission Criteria. Patients with rectal cancers located at less
than 12 cm of distance from the anal verge and clinical stages
cT2N+M0 or cT3/4 N0/+M0 are included.

Exclusion Criteria. Patients with other diagnosed neoplasia,
short course RT, yp stage IV, R1/R2 surgery, and death within
60-day postoperative time are excluded.

All patients receiving nCRT who were operated within
8 weeks after radiotherapy conclusion were included in
this analysis. Patients receiving short-course radiation were
excluded since no downstaging occurs when immediate
surgery is carried out.

Staging included rigid proctoscopy, total colonoscopy,
chest, abdominal, and pelvic CT scan, endorectal ultrasound
(ERUS), pelvic magnetic resonance image (MRI) (since
2008), and carcinoembryonic antigen (CEA) serum levels.

Diagnostic pretreatment paraffin-embedded biopsies
of 152 patients (91%) were available and reviewed by an
independent element. All of them were characterized
in terms of grade, mitotic index (for 10 fields), necrosis
grade (scarce/moderate/marked), inflammatory reaction

(scarce/moderate/marked), and desmoplastic infiltration
(scarce, moderate, and marked). Tumor biopsy samples
classification, including grade, were obtained on worst areas
whenever available material contained several areas with
neoplasia.

Neoadjuvant CRT protocol included total irradiation of
50.4Gy in 28 fractions and 5-fluorouracil by infusion pump.

Radical surgery consisted mainly in sphincter saving
rectal resection (SSRE) or abdominoperineal resection (APR)
both with TME. Regarding operative procedure selection,
we considered the distance of the lesion to the anus, the
comorbidities of the patient, and the condition of the anal
sphincter.

The number of samples taken from the resected speci-
mens was variable, with a mean of 6 paraffin blocks per case.
The methodology used was the following:

(1) Five samples were from the area with macroscopic
lesion (assuming it exists), that is, the same as
dealing with a specimen from a patient who has
not received neoadjuvant therapy. These included
the closest macroscopic approach of the macroscopic
lesion to the peritoneal surface and/or the mesorectal
excision plane, as appropriate.

(2) If no viable tumour was identified within the initial
5 blocks, the whole of the remainder of any macro-
scopic lesion in additional blocks was included.

(3) If no viable tumour was identified within the initial
or extra blocks, another three further levels from all
of these blocks were taken. If no viable tumour was
identified in these sections then complete histological
tumour regression was assumed.

All obtained slides were seen and reviewed by the same
pathologist. Items observed and registered in the biopsies
were subsequently analyzed in the resected specimen and the
same criteria adopted.

Standard pathologic tumor staging of the resected speci-
men was performed in accordance with the guidelines of the
American Joint Committee on Cancer (AJCC). Circumfer-
ential resection margin (CRM) was scored as positive when
cancer cells were within 1mm of the margin. Evidence of
ypCR was defined as an absence of viable adenocarcinoma
in the surgical specimen or the presence of lakes of mucus
without tumor cells.

The histology of all surgical specimens was reviewed and
confirmed by an independent element and were classified
based on Mandard tumor regression grading system.

Patients were divided in two groups according to Man-
dard TRG system: good responders were defined asMandard
TRG1 or TRG2; bad responders were defined as Mandard
TRG3, TRG4, or TRG5 (Figure 1).

Both groups (good responders versus bad responders)
were used to evaluate outcome results. Operated patients
were subjected to adjuvant chemotherapy protocol for 6
months performed preferably with 5-fluorouracil (5-FU) or
a combination 5-FU and oxaliplatinum.

Disease recurrence was evaluated according to location:
locoregional (LR), systemic (DR), or mixed.
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TRG1

TRG1

TRG2

TRG2

No viable cancer cells, complete response

Single cells or small groups of cancer cells

Residual cancer outgrown by fibrosis

Significant fibrosis outgrown by cancer

No fibrosis with extensive residual cancer

TRG3

TRG3

TRG4

TRG4

TRG5

TRG5

(TRG1 + TRG2)
Mandard good responders

Mandard bad responders
(TRG3 + TRG4 + TRG5)

Figure 1: Mandard system.

None of the patients were lost for follow-up.
All surviving patients were observed and their current

status was confirmed.
Clinical nodal staging may present some inaccuracies;

consequently, downstaging evaluation including N stage may
introduce some bias, so the term “downstaging” used to
describe the efficacy of treatment was defined specifically as
T stage downstaging.

Disease-free survival (DFS) was calculated from the date
of surgery to the date of progression (local and/or distant),
and overall survival (OS) was calculated from the first date of
treatment to the date of death or last follow-up.

2.2. Statistical Analysis. The survival function was estimated
using the Kaplan-Meier method. The difference in survival
rates between groups was tested for significance using the
log rank test. The significance of differences in proportions
was calculated with Chi-square test and the differences in
means with Student’s t-test. A logistic regression analysis
was used to assess the independent significance of factors
predictive of response, defined as “good” or “bad” responders
(TRG1-2/TRG3–5): age; gender; clinical stage; anal–tumor
distance; pretreatment CEA; biopsy specimen characteristics:

mitotic index, desmoplastic infiltration, inflammatory reac-
tion, and necrosis; CEA post-CRT; surgical procedure; sur-
gical morbidity; pathological stage; circumferential involve-
ment; tumor grade; tumor mitosis number; tumor desmo-
plastic infiltration; tumor inflammatory reaction; and tumor
necrosis in resected specimen were studied.

The statistical analysis was made with SPSS statistical
software (version 21.0 for Windows; SPSS Inc., Chicago, IL).
All statistical tests were conducted at a two-sided level of
significance of 0.05.

3. Results

3.1. Patient Population. Between January 2003 andDecember
2013, 186 consecutive patients with LARC were treated with
neoadjuvant CRT followed by TME surgery at one single
university hospital. We excluded 11 patients with positive
radial margin (R1 surgery), 4 patients with yp stage IV,
and four deaths within 60 days of postoperative period. In
the end, 167 patients were included in the present analysis.
Male : female ratio was 1.69 : 1. Median age was 64.6 years
(range, 29–83 years). Clinical parameters are summarized in
Table 1.
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Table 1: Clinical parameters.

Variable ! (%)
Age

Mean 64.62
Range (29–83)

Gender
Male 105 (62.9)
Female 62 (37.1)

Tumor length<4 cm 41 (24.6)≥4 cm and <6 cm 85 (50.8)≥6 cm 41 (24.6)
Tumor circumference≤1/3 27 (16.2)>1/3 and ≤1/2 59 (35.3)>1/2 and ≤2/3 39 (23.4)>2/3 and ≤3/3 42 (25.1)
Distance from anal verge>6 cm 81 (48.5)≤6 cm 86 (51.5)
CEA pre-CRT<5 116 (69.5)≥5 44 (26.3)
Missing 7 (4.2)

cT stage
2-3 152 (91.0)
4 15 (9.0)

Clinical stage
II 76 (45.5)
III 91 (54.5)

CEA post-CRT<5 141 (84.4)≥5 14 (8.4)
Missing 12 (7.2)

Surgery procedure
AAR/SSO 107 (64.1)
AAP/others 60 (35.9)

Surgery
Open 129 (77.2)
Laparoscopic 38 (22.8)

Perioperative complications 42 (25.1)
Morbidity
Abdominal or pelvic abscess 16 (9.5)
Anastomose leak 3 (1.7)

Reoperation 6 (3.5)
Readmission 3 (1.7)

3.2. Biopsy Characteristics. The biopsy results are shown in
Table 2.

The mitotic index is the number of mitoses for 10 high-
powered fields and the cut-offwas chosen taking into account
the best ratio of sensitivity : specificity. If no 10 high-power
fields were present with neoplasia, the number ofmitoses was

Table 2: Biopsies characteristics.

Variable ! (%)
Biopsy
Grade
1 46 (27.5)
2 98 (58.7)
3 8 (4.8)
Missing 15 (9.0)

Mucinous presence
No 145 (86.8)
Yes 7 (4.2)
Missing/not applied 15 (9.0)

Mitosis number≤9.5 34 (20.4)≥9.6 117 (70.0)
Missing/not applied 16 (9.6)

Inflammatory infiltrate
Scarce 33 (19.8)
Moderated 66 (39.5)
Marked 52 (31.1)
Missing/not applied 16 (9.6)

Desmoplastic reaction
Scarce 44 (26.3)
Moderated 80 (47.9)
Marked 27 (16.2)
Missing/not applied 16 (9.6)

Necrosis degree
Scarce 79 (47.3)
Moderated 40 (23.9)
Marked 32 (19.2)
Missing/not applied 16 (9.6)

counted in the number of observed fields, reducing the final
result to 10 fields.

3.3. Surgery. Sphincter saving rectal resection with anasto-
mosis (with or without protective ileostomy) was performed
on 107 patients (64.1%). Abdominoperineal resection was
performed on 53 patients, and seven patients were subjected
to proctectomy with definitive stoma. The perioperative
morbidity of the series was of 25,1% with 16 abdominal or
pelvic abscesses, 3 anastomotic leaks, 6 reoperations, and 3
readmissions.

3.4. Pathology. Stage distribution is shown in Table 3.
The average number of dissected lymph nodes in the

surgical specimen was 8.2 (range 0–22).
Circumferential resection margin >1mm was confirmed

in all 167 patients. Response to neoadjuvant therapy is
characterized in Table 3.

Downstaging and Final Pathologic Stage Classification. T stage
downstaging was observed in 67 patients (40.1%). Reduction
in T stage by one level was observed in 29 patients (17.4%) and
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Table 3: Pathological parameters.

Variable ! (%)
ypT stage

pT0-1 38 (22.8)
pT2–4 129 (77.2)

ypN stage
pN0 110 (65.9)
pN1-2 57 (34.1)

Pathological stage
0 58 (34.7)
II 58 (34.7)
III 51 (30.5)

T downstaging
Yes 67 (40.1)
No 100 (59.9)

Pathological TNM downstaging
Yes 95 (56.9)
No 72 (43.1)

CRM distance>2mm 159 (95.2)≤2 and >1mm 8 (4.8)
Mandard TRG

TRG1-2 (good responders)
TRG3–5 (bad responders) (4 . )

Other characteristics of resected specimen
Grade

0 32 (19.2)
1 31 (18.6)
2 98 (58.7)
3 6 (3.6)

Mucinous presence
Yes 41 (24.5)
No 126 (75.4)

Inflammatory infiltrate
Scarce 60 (35.9)
Moderated 75 (44.9)
Marked 28 (16.8)
Missing 4 (2.4)

Desmoplastic reaction
Scarce 45 (26.9)
Moderated 64 (38.3)
Marked 51 (30.5)
Missing 7 (4.2)

Necrosis grade
Scarce 27 (16.2)
Moderated 38 (22.8)
Marked 99 (59.3)
Missing 3 (1.8)

Mitosis number≤9.5 73 (43.7)>9.5 68 (40.7)
Missing 26 (15.6)

Table 3: Continued.

Variable ! (%)
Lymphatic permeation

No 100 (59.9)
Yes 67 (40.1)

Vascular permeation
No 142 (85)
Yes 25 (15)

Perineural permeation
No 96 (57.5)
Yes 71 (42.5)

Distal margin≥2 cm 108 (65.7)<2 cm and ≥1 cm 59 (35.3)

by two or more levels in 38 patients (22.8%). Observations
indicating pathologic downstaging are given in Table 3.
Ninety-five (56.8%) patients presented pathologic stage one
or lower pathologic stage than initial clinical tumor stage.
Pathologic complete response (ypCR orMandard TRG1) was
confirmed in 31 patients (18.5%).

TRG Classification.The use of Mandard system all owed us to
define two groups as previously mentioned: good responders
(Mandard TRG1-2) and bad responders (Mandard TRG3–
5). Using Mandard system a good response to nCRT was
attributed to 8 patients (5 . %) and a bad response was
attributed to 8 patients (4 . %).

3.5. Clinical Outcome. Table 4 shows long term clinical
outcome, relapse of disease, and survival.

With a median follow-up of 59 months (range, 6–139
months), five-year overall survival was 74.6% and pelvic con-
trol was 95.8%. Seven patients (4.2%) developed pelvic recur-
rence (5 isolated and 2 with synchronous metastatic disease)
and 22 (12.6%) distant metastases alone. Mandard TRG3–5
(bad responders) is associated with adverse prognosis.

3.6. Predictive Factors of Mandard Response. A logistic
regression analysis was used to assess the independent signif-
icance of pre- and on-treatment variables as predictive factors
of Mandard good responders (TRG1-2). Table 5 shows the
11 variables with predictive value for Mandard response in
univariate analysis.

All were related with tumor downstaging and/or with
tumor CRT response except the tumor anal distance. The
other variables of Tables 1, 2, and 3 have no significant
predictive value.

The eleven variables were entered into the Cox-stepwise
likelihood ratio.The selection was based upon their statistical
significance in univariate analysis and their potential clinical
interaction. In the multivariate analysis, after adjustment for
the effects of the other variables, tumor with moderated or
poor differentiation grade, scarce or moderated necrosis, and>9.5 mitosis number for 10 high-powered fields were more
likely to present a bad response (Table 6).
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Table 4: Clinical long term outcome (follow-upmedian: 59months;
range 6–139).

Variable
Overall disease recurrence 29 (17.3%)

Local 5 (3%)

Distant 22 (13.2%)

Local and distant 2 (1.1%)

Five-year overall survival 74.6% (se = 3.8%)
Five-year overall survival for “good
responders”∗ 88.3% (se = 3.9%)

Five-year overall survival for “bad
responders”∗ 58.3% (se = 6.5%)∗" < 0.001 (log rank test).
4. Discussion

Neoadjuvant CRT followed by curative surgery and adjuvant
chemotherapy is used in advanced rectal cancer and the
prognosis depends essentially on tumor response. This kind
of treatment allows a better pelvic disease control, but better
prognosis is achieved only in good responders [2].

The variety of tumor responses has increased the need
to find a useful predictive model for the response to CRT
in order to identify patients who will really benefit from this
multimodal treatment.

In our previous studies Mandard TRG system proved to
be fairly accurate, and patients division in good (TRG1-2)
and bad responders (TRG3–5) proved effective [10, 14].These
results have been confirmed by other groups [2, 12, 15, 16].
Based on those results it would be important to analyze
potential clinical and pathological factors that influence
Mandard response.

The influence of clinical parameters in tumor response
has been widely studied. In some studies, tumor size, tumor
circumferential extent, poor differentiation,mucinous tumor,
distance from anal verge, clinical T stage, nodal clinical
stage, pretreatment carcinoembryonic antigen (CEA) level,
and/or interval of time between surgery and radiotherapy
completion were associated with CRT tumor response [17–
26]. Magnetic resonance imaging (MRI) and positron emis-
sion tomography-computed tomography (PET-CT) also may
be useful to predict the response at early stages [27–33].
However, no clinical parameterswith prediction value ofCRT
response have been consistently identified. The results are
often different [19, 23, 29, 34, 35]. In our series, distance from
anal verge is the only clinical parameter in univariate analysis
with predictive value for Mandard response: distal tumors
(≤6 cm from anal verge) show a better response according
to Mandard. This result is concordant with that described
by Das et al. [18]. The opposite is described by Restivo et al.
[36].The delay of surgery after radiotherapy completion from
8 to 12 weeks seems to increase tumor necrosis grade and
pathological complete response (ypCR) rate up to 30 to 40%
[37–40]. We have 18.5% of ypCR but we cannot study this
variable because our patientswere operated on averagewithin

8 weeks after radiotherapy conclusion. Pretreatment CEA
level is probably the most cited clinical parameter as having
tumor response predictive value [18, 20, 21, 41–44]. On our
study CEA level, other clinical parameters and the biopsy
characteristics analyzed did not predict tumor response to
nCRT. Biopsy obtained data, namely, differentiation grade,
mitotic index, necrosis, inflammatory, anddesmoplastic reac-
tion amount, had no utility to recognize or predict tumor
behavior. Tumor hypoxia and proliferative cell activity reduce
the effectiveness of both radiation therapy and chemotherapy
and are a well-known risk factor for tumor radioresistance.
So, it was expected that necrosis, grade, and mitotic number
in 10 high-power fields could give any indication of CRT
tumor response. However in our series it did not occur with a
statistically significant correlation.This may be due to several
reasons. The amount of tumor in the biopsy is a very small
percentage of the total volume of the whole tumor and, as
tumors are heterogeneous, biopsy may not be representative
of tumor biology. On the other hand, it suggests that other
biologic indicators of response must be investigated, because
the ones included in this study are not important for this
purpose. Finally it must be remembered that tumor is not the
unique actor in the process; local and systemic response of
the host, immune, and inflammatory factors also need to be
considered.

In our data, all predictive factors found are one way
or another related with tumor downstaging and/or nCRT
tumor response pathological variables found after treatment.
This is an expected result. Pathological TNM stage, tumor
downstaging, and CMR of surgical specimen are reflected on
nCRT tumor response and are considered in many studies
prognostic factors of survival [45–49]. In our study the post-
treatment differentiation, feasibility, and proliferative activity
of tumor cells show greater impact as predictors of Mandard
response (more than pathological TNM stage or tumor
downstaging). The presence of accentuated necrosis, mitosis
number >9.5 for 10 high-powered fields, and moderate or
poorly differentiated grade in resected specimen had a pre-
dictive value for Mandard response of 85%. Those variables
had a significant predictive value of Mandard response in
multivariate analysis.

Thus, the only process for assessing nCRT response
is obtained from posttreatment variables. The absence of
reliable clinical predictors of response to CRT emphasizes
the need to find other factors able to predict response and
thus individualize the treatment approach in LARC. On
this series the Mandard grade response proved useful to
modify the adjuvant treatment plan in patientswhowere “bad
responders” into a more aggressive treatment.

5. Conclusions

Mandard system provides an important tool for survival
analysis. None of the clinical or the biopsy characteristics
assessed had a predictive value of Mandard response, except
the distance from anal verge. Only postoperative pathological
parameters related with tumor response to chemoradiother-
apy have predictive value for Mandard response.
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Table 5: Predictive value of clinical and pathological characteristics to Mandard response (univariate analysis).

Variables ! Bad responders % (Mandard TRG 3–5) Odds ratio "
Distance from anal verge≤6 cm 86 58.0 1.00 0.017>6 cm 81 39.5 2.11 (1.14–3.92)
Mitosis number in resected specimen≤9.5 73 32.9 1.00 <0.001≥9.6 68 77.9 7.21 (3.40–15.32)
Necrosis grade in resected specimen

Scarce 27 77.8 10.36 (3.76–28.57) <0.001
Moderate 38 92.1 34.53 (9.76–122.41) <0.001
Marked 99 25.3 1.00 <0.001

CRM distance≥2mm 159 45.9 1.00 0.003<2 and >1mm 8 100 2.18 (1.84–2.58)
ypT stage

0-1 38 7.9 1.00 <0.001
2–4 129 60.5 17.84 (5.21–61.09)

ypN stage
0 110 32.7 1.00
1-2 57 78.9 7.71 (3.64–16.34) <0.001

Pathological stage
0-I 58 15.5 1.00 <0.001
II 58 55.2 6.70 (2.78–16.14) <0.001
III 51 78.4 19.80 (7.47–52.48) <0.001

T downstaging
Yes 67 23.9 1.00 <0.001
No 100 65.0 5.92

Pathological TNM downstaging
Yes 96 34.4 1.00 <0.001
No 70 67.1 3.90

Reduction of mitosis number
Yes 83 41.0 1.00 <0.001
No 52 73.1 3.91 (1.84–8.30)

Differentiation grade in resected specimen
0 + 1 52 15.4 1.00 <0.001
2 + 3 115 63.5 9.56

Table 6: Multivariate stepwise model-dependent variable Mandard response: “0” good response and “1” bad response.

Variable Odds ratio Confidence interval 95% "
Differentiation grade in resected specimen
0 + 1 1.00 3.38–32.30 <0.001
2 + 3 10.45

Necrosis grade in resected specimen
Marked 1.00 3.04–25.54 <0.001
Scarce/moderate 8.82

Mitosis number in resected specimen≤9.5 1.00 1.52–10.90 0.005≥9.6 4.07
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Based on these results it is not yet possible to identify the
group of patients who truly benefits from neoadjuvant CRT,
but we can identify the group of patients (the Mandard bad
responders) that will benefit with a more aggressive adjuvant
treatment.
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ABSTRACT
Survival improvement in rectal cancer treated with neoadjuvant 

chemoradiotherapy (nCRT) is achieved only if pathological response occurs. 
Mandard tumor regression grade (TRG) proved to be a valid system to measure nCRT 
response. The ability to predict tumor response before treatment may significantly 
have impact the selection of patients for nCRT in rectal cancer. The aim is to 
identify potential predictive pretreatment factors for Mandard response and build 
a clinical predictive model design. 167 patients with locally advanced rectal cancer 
were treated with nCRT and curative surgery. Blood cell counts in peripheral blood 
were analyzed. Pretreatment biopsies expression of cyclin D1, epidermal growth 
factor receptor (EGFR), vascular endothelial growth factor (VEGF) and protein 21 
were assessed. A total of 61 single nucleotide polymorphisms were characterized 
using the Sequenom platform through multiplex amplification followed by mass-
spectometric product separation. Surgical specimens were classified according to 
Mandard TRG. The patients were divided as: “good responders” (Mandard TRG1-
2) and “poor responders” (Mandard TGR3-5). We examined predictive factors for
Mandard response and performed statistical analysis. In univariate analysis, distance 
from anal verge, neutrophil lymphocyte ratio (NLR), cyclin D1, VEGF, EGFR, protein 
21 and rs1810871 interleukin 10 (IL10) gene polymorphism are the pretreatment 
variables with predictive value for Mandard response. In multivariable analysis, NLR, 
cyclin D1, protein 21 and rs1800871 in IL10 gene maintain predictive value, allowing 
a clinical model design. Conclusion: It seems possible to use pretreatment expression 
of blood and tissue biomarkers, and build a model of tumor response prediction to 
neoadjuvant chemoradiation in rectal cancer. 

5. Section - Predictive Clinical Model of Tumor Response after
            Chemoradiation in Rectal Cancer (paper V) 
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INTRODUCTION

Colorectal cancer is still one of the most common 
malignancy in Western Countries and the second in 
mortality, despite all improvements in therapeutic 
approach [1]. Treatment in locally advanced rectal cancer 
(LARC) is paradigmatic for this issue. Neoadjuvant 
chemoradiotherapy (nCRT) combined with surgery 
remains the standard treatment strategy for patients 
with LARC, but not all patient benefits with this kind 
of multimodal treatment. The responses to nCRT, range 
from none to complete, and only patients with complete 
or near complete response have improved local recurrence 
control and disease free survival [2-7]. In fact, the variety 
of tumor responses increased the need to find a useful 
predictive model, which may be helpful in the design of 
individualized treatment for rectal cancer. However, the 
accuracy of the current available imaging modalities, 
including diffusion-weighted magnetic resonance imaging 
(MRI) and positron emission tomography (PET) on 
restaging tumor after nCRT seems to be less effective
than was expected to be [8-10]. For this reason, the search 
for biomarkers predictors of rectal cancer response to 
chemoradiation, retains all relevance and great interest 
[11, 12]. 

Several promising candidate markers have been 
reported as potential roles to predict nCRT response. In 
fact, host, tumor biology, and treatment-related factors 
may affect nCRT response and interfere with outcome 
results in LARC. Single nucleotide polymorphisms 
(SNPs), a form of study patient genetic variability, hold 
considerable promise to unveil the underlying complex 
genetics of response to CRT [13-16]. Blood cell counts in 
peripheral blood are considered to reflect environmental 
host factors in rectal tumor and may be correlated with 
survival and even tumor response [17-19]. CEA level, 
tumor size, distance from anal verge, differentiation
grade, as well molecular features, are pretreatment tumor 
aspects that can be related with tumor response [20-
27]. Between these aspects, molecular features assume 
particular relevance reflecting the tumor biology. In this 
area, multiple attempts by individual molecular markers 
in tissue microarray studies have emerged with the goal 
of identifying predictors of a response to chemoradiation 
in patients with rectal cancer [28, 29]. The expression 
of several biomarkers in pretreatment biopsies, such 
cyclin D1, p21, EGFR and VEGF have been associated 
with tumor response to nCRT. On the other hand, 
chemoradiotherapy scheme selection and interval of time 
between nCRT and surgery are treatment-related factors 
that can constrain nCRT response magnitude [30-33]. 

Our objective was to assess whether neutrophil 
lymphocyte ratio (NLR) in pretreatment blood sample, 
pretreatment biopsies expression of cyclin D1, EGFR, 
VEGF and p21, and 61 tagSNPs (genomic DNA was 
extracted from peripheral blood leukocytes or tumor 

tissue) could be used to predict pathologic response in the 
setting of rectal cancer treated in a single tertiary center 
with nCRT followed by surgery. Mandard TRG were 
measured and used to define tumor response. The patients 
were divided as: “good responders” (Mandard TRG1-2) 
and “poor responders” (Mandard TRG3- 5). According to 
the results from our previous data, good responders have 
better prognosis than poor responders [34, 35]

RESULTS

Description of study population and clinical 
parameters

This cohort study gathered 186 consecutive patients 
with LARC treated with nCRT follow by curative surgery 
with total mesorectal excision at one single University 
Hospital. After the exclusion of 11 patients with positive 
radial margin (R1 surgery), for 4 patients with yp stage IV, 
and four deaths within 60 postoperative days, 167 patients 
were included in the present analysis, with a median age 
of 64.6 years (range = 29-83 years). The male to female 
ratio was 1.69:1. The clinical parameters are summarized 
in Table 1. Description of Study Population

Polymorphism study

Three SNPs were excluded from the analysis due to 
genotyping failure, leaving a total of 58 to be included in 
the survival analysis: 29 in ABCC4, 15 in SLCO2A1, seven 
in HPGD, and one each in COX2, EGFR, CCND1, IL10, 
TNFA, IGF1 and NAT2 genes. Description, frequencies 
and predictive response value of selected SNPs in the 167 
patients are given in Supplementary Table S1b (http://
chporto.pt/ Supplementary Table-S1b).

Biopsy characteristics

The biopsy characteristics including 
immunohistochemical expression of cyclin D1, p21, 
EGFR and VEGF are shown in Table 2.

Surgery

Sphincter-saving rectal resection with anastomosis 
(with or without protective ileostomy) was performed 
on 107 patients (64.1%). Abdominoperineal resection 
was performed on 53 patients, and seven patients were 
subjected to proctectomy with definitive stoma. The 
perioperative morbidity of the series was 25.1%, with 16 
abdominal or pelvic abscesses, three anastomostic leaks, 
that included six reoperations (due to three leakages and 
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three abdominal abscesses), and three re-admissions (due 
to pelvic abscess).

Pathology of resected specimens

Stage distribution is shown in Table 3.
The average number of dissected lymph nodes in the 

surgical specimens was 8 (range = 0-22). Circumferential 
resection margin > 1 mm was confirmed in all 167 
patients.

Response to neoadjuvant therapy is characterized in 
Table 3. Tumor downstaging was observed in 67 patients 
(40.1%). 

Reduction in T-stage by one level was observed 
in 29 patients (17.4%) and by two or more levels in 38 
patients (22.8%). Observations indicating pathological 
downstaging are given in Table 3. Ninety five (56.8%) 
patients presented one or lower pathological stage than 
their initial clinical tumor stage. ypCR or Mandard TRG1 
was confirmed in 31 patients (18.5%). The use of Mandard 
system allowed us to define two groups as previously 
mentioned: good responders (Mandard TRG1-2) and 
poor responders (Mandard TRG3- 5). Using the Mandard 

system, a good response to nCRT was found in 86 patients 
(51.4%) and a poor response in 81 (48.5%).

Clinical outcome

Table 4 shows long-term clinical outcome, relapse 
of disease and survival. With a median follow-up of 64 
months (range = 6-148 months), 5-year DFS was 73.3% 
and pelvic control was 95.8%. Seven patients (4.2%) 
developed pelvic recurrence (five isolated and two with 
synchronous metastatic disease) and 22 (13.2%) distant 
metastases alone. Two of the seven pelvic recurrences  
occurred later in the outcome - after 18 months of follow-
up (at 28 and 45 months, respectively). Twelve out of 
167 patients had more than 24 but less than 42 months 
of follow-up. Local recurrence increased slightly to 4.5% 
(7/155) when considering only patients with more than 42 
months of follow-up.

Using results from a fitted Cox model, the estimated 
hazard ratio is 5.16: this means that the poor responders 
have a probability of death five times higher than good 
responders ( Cox model survival HR = 5,16 C.I. 95% 
2,638-10,114).

Figure 1: Immunohistochemistry study of biopsies (Cyclin D1 and p21) showing representative examples of weak and 
strong staining (x200 and x100).
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Table 1: Clinical parameters of patients included in this study.
Variable Value/N (%)

Age, years
   Mean
   Range

64.62
(29-83)

Gender
   Male
   Female

105 (62.9)
62 (37.1)

Tumor length
    < 4 cm
    4-6 cm
    ≥ 6 cm

41 (24.6)
85 (50.8)
41 (24.6)

Tumor luminal circumference extension
    ≤ 1/3
    > 1/3 and ≤ 1/2
    > 1/2 and ≤ 2/3
    > 2/3 and ≤ 3/3

27 (16.2)
59 (35.3)
39 (23.4)
42 (25.1)

Distance from anal verge
    > 6 cm
    ≤ 6 cm

81 (48.5)
86 (51.5)

Pre-CRT CEA
    < 5 ng/ml
    ≥ 5 ng/ml
    Missing

116 (69.5)
44 (26.3)
7 (4.2)

NLR
    < 3
    ≥3

96 (57.4)
71 (42.5)

cT stage
    2-3
    4 

152 (91.0)
15 (9.0)

Clinical stage
    II
    III 

76 (45.5)
91 (54.5)

Post-CRT CEA 
    < 5 ng/ml
    ≥ 5 ng/ml
    Missing data

141 (84.4)
14 (8.4)
12 (7.2)

Surgical procedure
   AAR/SSO
   APR /other

107 (64.1)
60 (35.9)

Surgery
  Open
  Laparoscopic

129 (77.2)
38 (22.8)

Perioperative complications
  Morbidity
       Abdominal or pelvic abscess
       Anastomose leak
Reoperation
Re-admission

42 (25.1)
16 (9.5)
  3 (1.7)
  6 (3.5)
  3 (1.7)

Pre-CRT CEA: pre-chemoradiotherapy carcinoembryonic antigen; NLR: neutrophil lymphocyte ratio. cT stage: clinical T 
stage of TNM staging system; AAR: anterior abdominal resection; SSO: sphincter-saving operation; APR: abdominoperineal 
resection.
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Predictive factors of Mandard response in 
pretreatment variables

A logistic regression analysis was used to assess 
the independent significance of pretreatment variables as 
predictive factors of Mandard poor response (TRG3-5). 

In this study, all variables were analyzed before 
neoadjuvant treatment, once our aim is to predict tumor 
response before beginning CRT. 

In polymorphisms study, only one genetic 
polymorphism (rs1800781) in IL10 gene  have a 
predictive response value. The others pretreatment 
variables with significant predictive value are anal tumor 
distance, cyclin D1, p21, EGFR and VEGF in biopsies 
and neutrophil lymphocyte ratio in blood samples. 
The remaining 

variables of Tables 1, 2 have no significant predictive 
value.

Table 5 shows these seven variables with predictive 
value for Mandard response in univariate analysis.

The seven variables were entered as covariates into 
the logistic regression ( method: forward likelihood ratio). 
This selection was based upon their statistical significance 
in univariate analysis and their potential clinical 
interaction. In the multivariate analysis, after adjustment 
for the effects of the other variables, NLR, Cyclin D1, p21 
and rs1800871 in IL10 gene were more likely to present a 
poor response (Table 6). 

Considering the equation of the logistic probability 
model obtained from the Table 6 : e = eg(ˣ) / 1 + eg(ˣ) , 
we can calculate the probability of a patient with a poor 
Mandard response. 

For example, if the patient has the best scores: 
g(x) = -1.487- 0.441 rs1800871 GG = -1.928 ;
Mandard poor response = 0.145/1+0.145 = 0.126
The probability of the patient with a Mandard poor 

response will be 0.126
If the patient has the worst scores :
g(x) = -1.487+1.106 NLR ≥3 + 1.436 Cyclin D1 + 

1.755 p21 + 1.425 rs1800871 AA = 4.235 ; 
Probability of Mandard poor response = 69.06/ 

70.06 = 0.985
The probability of Mandard poor response will be 

0.985
If we consider the first patient in our database:
g(x) = -1.487+ 1.106 (NLR≥3) + 1.755 (p21 > 3) - 

0.441 (rs1800871GG) = 0.933 ; 
Probability of poor response = 2.542 / 3.542 = 0.717
So, applying for the first patient that has a NLR > 3 

and a p21 > 3 and a RS1800871GG, we would predict that 
it will likely have a poor Mandard response as the estimate 
probability of 0.72 is greater than 0.5. 

DISCUSSION

The true benefit of neoadjuvant chemoradioteraphy 
in LARC is achieved only when tumor response is 
complete or near complete [4, 5]. In those cases, tumor 
downsizing and downstaging, usually allows sphincter 
saving procedure and better local control disease and 
survival [36-38]. In selective cases, with complete 
response, surgery may be avoided and “watch and wait” 
policy is defensible [39, 40]. However, when tumor 
response is poor, during the time between the completion 
of CRT and surgery, we may have tumor progression. So, 
the prediction of tumor response before beginning CRT 
is a relevant issue that can affect the therapeutic strateg .

In this regard, the first difficult is the definition and 
quantification of tumor response. In our previous research, 
Mandard tumor regression grade showed good accuracy 

Table 2: Biopsy characteristics.
 Variable N (%)

 Grade
   1
   2
   3
   Missing data

46 (27.5)
98 (58.7)
8  (4.8)
15 (9.0)

 Mucinous presence
   No
   Yes
   Missing data/not applied

145 (86.8)
7 (4.2)
15 (9.0)

 Mitosis number
   ≤ 9,5
   ≥ 9,6
   Missing data/not applied

34 (20.4)
117 (70.0)
16 (9.6)

 Inflammatory infiltrate 
   Scarce     
   Moderate  
   Marked 
   Missing data/not applied

33 (19.8)
66 (39.5)
52 (31.1)
16 (9.6)

 Desmoplastic reaction 
   Scarce     
   Moderate  
   Marked 
   Missing data/not applied

44 (26.3)
80 (47.9)
27 (16.2)
16 (9.6)

 Degree of necrosis 
   Scarce 
   Moderate
   Marked
   Missing data/not applied

79 (47.3)
40 (23.9)
32 (19.2)
16 (9.6)

IHC study of biopsy 
        Cyclin D1 
               Weak ( ≤ 3)
               Strong (>3)
               Missing

         EGFR
              Weak  (≤<3)
              Strong (>3)

         VEGF
              Weak (≤3)
              Strong  (>3)

         p21
               Weak (≤3)
               Strong  (>3)

126 (75.4)
38 (22.7)
3  (1.7)

89 (53.2)
78 (46.7)

58 (34.7)
109 (65.2)

100 (59.8)
67 (40.1)

EGFR: epidermal grow factor receptor; VEGF: vascular 
endothelial growth factor; p21: p21 protein or cyclin-
dependent kinase inhibitor or CDK-interacting protein 1
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Table 3: Characteristics of resected specimens 
Variable N (%)

ypT stage
  pT0-1
  pT2-4

38 (22,8)
129 (77.2)

ypN stage
  pN0
  pN1-2

110 (65.9)
57 (34.1)

Pathological stage
  0
  II
  III

58 (34.7)
58 (34.7)
51 (30.5)

T downstaging
 Yes
  No

67 (40.1)
100 (59.9)

Pathological TNM downstaging
 Yes
 No

95 (56.9)
72 (43.1)

CRM distance
  > 2mm
  ≤ 2 and >1mm 

159 (95.2)
8 (4.8)

Distal margin
   ≥ 2cm
   < 2 cm and ≥1 cm 

108 (65.7)
59 (35.3)

Mandard TRG
  TRG 1-2 (Good responders) 
  TRG 3-5 (Poor responders)

86 (51.4)
81 (48.5)

Linfatic   permeation
 No
 Yes

100 (59.9)
67 (40.1)

Vascular permeation
 No
 Yes

142 (85)
25 (15)

Perineural  permeation
 No
 Yes

96 (57.5)
71 (42.5)

Grade
  0
  1
  2
  3

32 (19.2)
31 (18.6)
98 (58.7)
6 (3.6)

Mucinous presence   
 Yes
  No

41 (24.5)
126 (75.4)

Inflammatory infiltrate
  Scarce
  Moderate
  Marked
  Missing data

60 (35.9)
75 (44.9)
28 (16.8)
4 (2.4)

Desmoplastic reaction
  Scarce
  Moderate
  Marked
  Missing data

45 (26.9)
64 (38.3)
51 (30.5)
7 (4.2)

Necrosis grade
  Scarce
  Moderate
  Marked
  Missing

27 (16.2)
38 (22.8)
99 (59.3)
3 (1.8)
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when patients were divided as: “good responders” 
(Mandard TRG1-2) and “poor responders” (Mandard 
TRG3- 5). According to our results, good responders 
have better prognosis than poor responders. [34, 35, 41] 
This way to assess tumor response , proved to be easy, 
reproducible and related with survival. Others studies 
confirmed our findings [2-4, 42, 43] and for this reason 
we apply this concept to define tumor response.

The second hindrance was to find pretreatment 
variables with predictive value to Mandard response. 
Like others series, most of current pretreatment CRT 
clinical parameters showed no statistical significance to 
response prediction [3, 22, 35, 44]. In our study, from 
all, only tumor distance from anal verge has predictive 
value of Mandard response in univariate analysis who 
disappeared in multivariate analysis. This aspect led 
us to investigate host and tumor and related factors that 
may affect nCRT response. Three different areas were 
selected: inflammatory systemic markers, biomarkers IHC 
expression in pretreatment biopsies and polymorphisms. 

Systemic inflammatory response interfere 
with survival in patients operated with several types 
of cancer, including colorectal cancer and can also 
affect tumor chemoradiotherapy response [18, 45]. An 
elevated lymphocyte count is associated with enhanced 
downstaging following neoadjuvant CRT for locally 
advanced rectal cancer [23]. However, the value of 
this ratio is variable in different cancers. Studies of the 
relationship between NLR and both survival and response 
to chemoradiation have been limited with respect to locally 
advanced rectal cancer [17, 19]. In our study, pretreatment 
NLR value with the cutoff of 3, based in ROC analysis, 
has a predictive value to Mandard response. The main 
advantage is the ease to measure routinely because of its 
low cost. 

The broad and unpredictable response to tumor 
of patients with rectal cancer treated with neoadjuvant 
chemoradiation shows that our understanding of the 
molecular events leading to radioresistance in patients 
affected with this malignancy remains sparse. The 
expression of several biomarkers in pretreatment biopsies 
has been associated with tumor response to nCRT. 
Immunohistochemistry was the most commonly used 
method for detecting protein markers in tumor tissue. 
Epidermal growth factor receptor (EGFR), vascular 
endothelial growth factor (VEGF), COX-2, thymidylate 
synthase, the p53 tumor suppressor and key mediators 
of cell-cycle arrest (p21, p27) and apoptosis (Bcl-2) 
are among the immunohistochemical protein markers 
currently of interest as potential predictors of pathologic 
response, prognosis and recurrence-free survival in 
rectal cancer following neoadjuvant therapy [46-53]. We 
selected four - cyclin D1 and p 21 that interfere in cell 
cycle and are related with cell proliferation, EGFR and 
VEGF related with angiogenesis and tumor progression. 

Cyclin D1 regulate progression from the G1 phase 
of the cell cycle to the S phase. As key regulators of 
the G1 progression step within the cell cycle, cyclin D1 
may play a pivotal role in the process of carcinogenesis 
and cancer progression [6]. The ability of cyclin D1 to 
drive the cell cycle forward can be blocked by cyclin D1-
dependent kinase (CDK) inhibitors, such as p27 and p21, 
and can explain why co-expression of cyclin D1 and p21 
contributed to the role of cyclin D1 for tumor proliferation. 
Immunostaining for cyclin D1 was predominantly nuclear 
but cytoplasmic staining was detected in some cases. 
However, unless a nuclear staining was also detected, 
cases with cytoplasmic staining were considered negative. 
Cyclin D1 overexpressed has been reported to occur in 
40-70% of colorectal tumors [54, 55]. Recently, Li et 

Mitotic number
  ≤ 9.5
  > 9.5
  Missing data

73 (43.7)
68 (40.7)
26(15.6)

IHC study 
   Cyclin D1 
        Weak ( ≤ 3)
        Strong (>3)
        Missing data
   EGFR
        Weak  (≤<3)
        Strong (>3)
   VEGF
        Weak (≤3)
        Strong  (>3)
   p21
        Weak (≤3)
        Strong  (>3)

143 (85.6)
32 (13.8)
1 (0.6)

97 (58.1)
70 (41.9)

46 (27.5)
121 (72.5)

110 (65.9)
57 (43.1)

ypT Stage: Pathological postneoadjuvant therapy T stage of TMN staging system; ypN stage: pathological 
postneoadjuvant therapy N stage of of TMN staging system; CRM: circumferential radial margin; Mandard 
TRG: Mandard tumor regression grades; IHC study: : immunohistochemistry; EGFR: epidermal growth 
factor receptor; VEGF: vascular endothelial growth factor; p21: p21 protein.
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al. published a meta-analysis of observational studies 
that indicate Cyclin D1 overexpression, based on the 
nuclear staining is related with poor clinical outcome in 
colorectal cancer patients [56]. The cyclin D1 predictive 
value of tumor response value in pretreatment tumor 
rectal biopsies is little studied. Moral et al, between 

immunohistochemistry markers studies (p53, cyclin D1, 
Ki67, and bcl-2 protein), only found a trend towards 
significance for cyclin D1 [57].

p21 (Waf1/Cip1) is known as one of the cell cycle 
inhibitors which plays a role through the p53 dependent or 
independent pathway. p21 expression in tumor cells serves 

Table 4: Long-term clinical outcome, relapse of disease and overall survival (DFS).

Variable

Overall disease recurrence
Local
Distant
Local and distant

 29 (17.3%)
  5 (3%)
   22(13.2%)
   2 (1.1%)

Five year overall survival 74,6% (se=3.8%)

Five year overall survival for “good responders” 

Five year overall survival for “poor responders”

88,3% (se=3.9%)
     p < 0.001  (log Rank test) * 

58,3% (se=6.5%)

Cox model survival HR= 5,16  C.I. 95% (2,638-
10,114)

*Significantly different a p < 0.001 (log-rank test); se: standard error.

Figure 2: Immunohistochemistry study of biopsies (EGFR and VEGF) showing representative examples of weak and 
strong staining (x200 and x100).
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Table 5: Predictive value of pretreatment variables to Mandard response (Univariate analysis  of logistic regression: 
dependent variable Mandard good response – 0; Mandard poor response – 1) C.I. 95%

Variable N Poor response % p OR C.I. 95%
Anal tumor
distance
≤6 cm
>6 cm

86
81

40.7
58.0 0.025 1

2.014 1.00 - 3.730
NL Ratio
<3
≥3

96
71

39.6
62.0 0.004 1

2.487 1.325 - 4.670
Cyclin D1
Weak (≤3)
Strong (>3)

126
38

42.1
71.1

0.002 1
3.381 1.542 - 7.141

p21
Weak (≤3)
Strong (>3)

100
67

34.0
71.6 <0.001 1

4.904 2.501 9.616
EGFR
Weak (≤3)
Strong (>3)

89
78 39.33

60.3
0.007 1

2.339 1.256 - 4.356
VEGF
Weak (≤3)
Strong (>3)

58
109

43.1
52.3 0.26 ns 1

1.447 0.762 - 2.748
rs1800871
AG
GG
AA

67
80
15

55.2
38.8
66.7

0.048
0.047

0.421 ns

1
0.513
1.622

0.265 - 0.991
0.500 - 5.259

NL ratio: neutrophil lymphocyte ratio; p21: p21 protein; EGFR: epidermal growth factor receptor; VEGF: vascular endothelial 
growth factor; rs 1800871 single nucleotide polymorphism of interleukin 10 (IL 10) gene

Table 6: Multivariate stepwise forward analysis LR ;dependent variable – Mandard response (good response = 0 ; 
poor response = 1)

B S.E. Sig Exp(B) C.I. 95%EXP(B)

Lower Upper

NLR ≥ 3 1,106 0,395 0,005 3,022 1,394 6,554

Cyclin D1 (>3) 1,436 0,469 0,002 4,206 2,761 11,103

p 21 (>3) 1,755 0,393 0,0001 5,784 2,676 12,503

rs1800871 AG 0,024

rs1800871 GG - 0,441 0,394 0,264 0,644 0,297 1,395

rs1800871 AA 1,425 0,704 0,043 4,160 1,046 16,545 

Constant -1,487 0,414 0,0001 0,226

NL ratio: neutrophil lymphocyte ratio; p21: p21 protein; rs 1800871: single nucleotide polymorphism of interleukin 10 (IL 
10) gene
Estimated logistic probability of Mandard response = eg(ˣ) / 1 + eg(ˣ)
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the cell proliferation ability and protects against DNA 
damage by cell cycle inhibition. p21 is a tumor suppressor 
gene that, once activated in response to DNA damage, 
causes the cell to arrest in G1 through the interruption of 
cyclin-dependent kinases [58]. In malignant cells, wild-
type p21 suppresses apoptosis in the presence of DNA 
damage caused by chemotherapeutic agents or radiation 
[59, 60]. This may explain why high p21 expression at 
the pretreatment biopsy may be associated with tumor 
regression and poor prognosis in patients treated with 
5-FU based CRT [51], but few publications have studied 
this aspect.

The present study showed that high cyclin D1 and 
high p21 expression level in the pre-CRT tumor simple 
were associated with poor pathologic regression (Mandard 
poor response). This is a concordant result considering the 
mechanism of action of these biomarkers. 

Nevertheless, some studies show agreeing results 
with ours [51, 61, 62] and others don’t, probably due to 
the selected technique. Immunohistochemistry is highly 
dependent on the antibody clone that is used, staining 

protocols, selection of scoring methods and nuclear/
cytoplasmic staining account .

EGFR is a 170-kDa transmembrane tyrosine kinase 
receptor that belongs to a family of receptors known as 
the ErbB family. EGFR is known to activate a cascade of 
multiple signaling pathways that facilitate tumor growth 
process. EGFR expression was reported to be correlated 
with more aggressive disease, increased risk of metastases, 
advanced tumor stage. Usually, IHC EGFR overexpression 
in tumor tissue implies worst outcome in colorectal cancer 
[63]. Also, Azria et al. found worst prognosis in patients 
with higher EGFR expression in pretreatment tumor rectal 
biopsies tissue [64] and Kim et al. found a predictive value 
of tumor downstaging absence when a high level of EGFR 
expression is present [46].

VEGF high expression is associated to tumor 
aggressiveness, poor survival, local failure and the 
presence of metastatic disease [65] . VEGF, is a mediator 
of tumor angiogenesis. New blood vessels induces 
increased permeability, causing less efficien delivery 
of chemotherapeutic agents and a decreased response 

Figure 3: Mandard Tumor Regression Grade System (representative examples ; hematoxylin and eosin (H&E) 
staining; x200 and x100).
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to radiotherapy [66]. For this reason, VEGF assessed 
immunohistochemically from pretreatment tumor biopsies, 
may be a useful marker in the prediction of tumor 
response to preoperative CRT. High VEGF expression 
in pretreatment biopsies are correlated with poor tumor 
response in locally advanced rectal cancer treated with 
neoadjuvant chemoradiation [67]

In our study we found high expression on 
pretreatment biopsies of EGRF and of VEGF related with 
worse tumor response, but without predictive statistic 
value of tumor response (in univariate and multivariate 
analysis for VEGF and in multivariate analysis for EGRF). 
This result, may be related with intense staining for VEGF 
and EGFR pretreatment biopsies for the most of the slides. 

Once again, published conflicting results can 
be found [68, 69]. Some of them are retrospective 
in nature, with a relatively small patient number and 
different methodologies, making it difficul to draw firm
conclusions or carry out cross-study comparisons. 

Despite this, in our study, cyclin D1 and p21 
immunohistochemical expression in pretreatment biopsies 
have prediction value and are two of the four variables 
that contribute for the statistical model capable to predict 
Mandard tumor response.

The molecular markers in tissue microarray 
studies remains attractive: can be performed in small 
samples such as biopsies , the amount of commercially 
antibodies spent are small, making the procedure feasible 
and inexpensive. However, immunohistochemistry has 
limitations: related to reproducibility and the ability to 
provide quantitative information and depending on the 
sample representativeness, immunotyping selected and 
scale used. We believe that difficultie are diminished with 
the procedure standardization and systematic application 
on a large scale. 

Polymorphisms were another field of interest that 
can help to identify Mandard good and poor responders. 
Polymorphisms of genes related mainly with inflammation
were selected, since chronic intestinal inflammation is a 
well-known risk factor for colorectal cancer [70]. Cancer 
arises in chronically inflamed tissue. IL-10 and COX-
2 are important mediators of intestinal inflammation.
IL-10 is a key anti-inflammatory cytokine orchestrating 
the innate and adaptive immune response. Elevated 
cyclooxygenase-2 (COX-2) expression was found in 
most colorectal cancer tissue and is associated with 
worse survival. COX-2 plays a role in tumor progression, 

stimulation of angiogenesis, promotion of metastasis, 
and decrease of the antitumor immune response. For this 
reason we selected SNPs of COX-2/HPGD/SLCO2A1/
ABCC4 Prostaglandin E2 pathway genes and IL10 gene 
among others. In our data, out of the 61 SNPs assessed, 
only the rs1800871 (C-592A) have a predictive value of 
Mandard response. The rs1800871 is a polymorphism of 
IL10 gene and has been associated with colorectal cancer 
risk [71-73]. No previous study described a relationship 
between this polymorphism and tumor response to 
chemoradiotherapy. The main handicap of this technique 
is the no availability in most hospitals, being an obstacle 
to its application in clinical practice. 

Nevertheless, with these four pretreatment variables 
(NLR, Cyclin D1, p-21 and rs1800871) it is possible to 
build a predictive clinical model of tumor response. It 
allows subset the patients according to the probability 
of response and make possible to modify the therapeutic 
plan for the putative “poor responders”. For example, 
if the patients have the best score on four variables, 
the probability in the model to have a “poor response” 
(Mandard TRG3-5) will be 12.6% (Table 6). In this group 
the patients nCRT is a good choice with the possibility 
of a good survival. On the other hand, in patients with 
the worst score the probability to have a “poor response” 
(Mandard TRG 3-5) will be 98.5% (Table 6). In this case, 
an alternative therapeutic may be preferable. For instance, 
a short course of neoadjuvant radiation instead nCRT may 
be a better option, with less side effects, less costs and the 
possibility to begin adjuvant chemotherapy sooner. 

So, this predictive clinical model, in conceptual 
terms, is an interesting tool and can be used to decide 
between nCRT versus short course radiation, since both 
options do not differ in terms of survival. The advantage of 
our study is to had been performed in a single institution 
under the same criteria by a main skilled pathologist. The 
limitations which may have, are related to small number 
of the patients recruited, and the variability inter-observer 
that can exist in assessing of pretreatment biopsies IHC 
stains. Thus, the results of our study must be confirmed in 
regard of accuracy and reproducibility by other large and 
prospective studies with standard method of staining and 
reporting is adopted. 

Table 7: IHC score calculation
A – Area 0 ≤25 26 - 50 >50
Partial score of A 0 1 2 3
B – Intensity absent moderate intense
Partial score of B 0 1 2
Area x Intensity (A x B) ≤ 3 (0 – 3) ≥ 4 (4 – 6)
Final score Weak Strong
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CONCLUSION

It seems possible to use pretreatment expression of 
blood and tissue biomarkers and build a clinical model of 
tumor response prediction to neoadjuvant chemoradiation 
in rectal cancer. This clinical model may help in the 
therapeutic choice for locally advanced rectal cancer 
but, first it needs to be validated , and larger prospective 
clinical trials must be done, before considerer able to 
guide preoperative therapy choices in LARC.

MATERIALS AND METHODS

Ethics approval

This project was approved by the Research Ethics 
Health Committee (references188-CES) and Department 
of Education, Development and Research (reference 133-
DEFI) of the Hospital Center of Porto. Informed consent 
from patients whose tissue was archived was not required 
as per Ethics Board guidelines. Patient informed consent 
for the use of blood and tissue for genetic polymorphism 
was obtained.

Patient population

A consecutive series of patients with, biopsy-
proven LARC, who underwent nCRT followed by elective 
radical surgery with total mesorectal excision (TME) with 
curative intent between January  2003 and  December 
2013 were recruited after reviewing the clinical database 
at the Digestive Surgery Service, University Hospital 
Center of Porto, which is a tertiary referral center for a 
population of 728,663 inhabitants. All patients with rectal 
cancer (T2N+M0 or cT3/4 N0/+M0) located at less than 
12 cm of distance from the anal verge who received nCRT 
and were operated within 8 weeks after radiotherapy 
ended were included, if none of the following exclusion 
criteria were found: other diagnosed neoplasia, short 
course radiotherapy, post neoadjuvant stage IV, R1/R2 
surgery, and postoperative death within 60 days.

Diagnosis and staging criteria

Staging included rigid proctoscopy, total 
colonoscopy, chest, abdominal and pelvic computed 
tomographic scan, endorectal ultrasound, pelvic 
magnetic resonance image (since 2008), and serum 
carcinoembryonic antigen (CEA) level.

nCRT protocol

This protocol included total irradiation of 50.4 Gy in 
28 fractions and 5-fluorouracil (5-FU) by infusion pump 
(225 mg/m2/day, 7 days per week, from the first until 
the last day of radiotherapy) or capecitabine (2500 mg/
m2/day, divided in two doses, from de first until the last 
day of radiotherapy). All patients receiving nCRT were 
operated on within 8 weeks after radiotherapy ended. All 
patients received pelvic radiation therapy with concurrent 
chemotherapy. The option between 5-fluorouacil and 
capecitabin was made based on patient comorbilities and 
drug tolerance.

Treatments were given with a linear accelerator with 
a minimum energy of 10MeV. The total dose of radiation 
therapy was 50.4 Gy. Patients underwent CT simulation 
with oral contrast to visualize the small bowel. All 
patients underwent three-dimensional conformal radiation 
treatment planning. The intent of treatment was to include 
the tumor bed (gross tumor volume) with a margin, the 
internal iliac nodes, and the presacral nodes (the external 
iliac nodes were also included if a structure was invaded 
that drained to the external iliacs) to a total dose of 45 Gy. 
This was delivered at 1.8 Gy per day, 5 days per week, 
or 25 fractions over 5 weeks. A minimum tumor boost of 
540 cGy, given at 1.8 cGy per fraction, was required for 
all patients and was given to the gross tumor volume with 
a 1-cm margin. Normal tissue sparing techniques were 
employed so that no portion of the small bowel received 
more than 4500 cGy and less than 10% of the bladder 
receive greater than 5000 cGy.

Surgical procedures

Radical surgery consisted mainly of sphincter-
saving rectal resection or abdominoperineal resection both 
with total mesorectal excision. Regarding the selection of 
the operative procedure, we considered the distance of the 
lesion from the anus, the comorbidities of the patient, and 
the condition of the anal sphincter.

Adjuvant chemotherapy protocol

Post surgery, patients were administered adjuvant 
chemotherapy protocol for 6 months performed preferably 
with 5-FU or a combination of 5-FU and oxaliplatin (one 
of the followed regimens: mFolFOX6 - 200 mg/m2 
folinic acid (FA) day 1, 400 mg/m2 5-FU bolus day 1, 
continued infusion for 46 hours of 2400 mg/m2 5-FU and 
85 mg/m2 oxaliplatin, 14/14 day cycle; CapeOx: 1000 
mg/m2 capecitabine twice a day, days 1-14, 130 mg/m2 
oxaliplatin day 1, 21/21 day cycle; 5-FU/FA: 200 mg/
m2 FA day 1, 400 mg/m2 5-FU bolus day 1, continued 
infusion for 46 hours of 2400 mg/m2 5-FU, 14/14 day 
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cycle).
mFolFOX6 or capeOX were the preferred regimens. 

When the administration of oxaliplatin is not possible 
due to side effects of the drug or the comorbidities of the 
patient, one of followed regimens was used: 5-fluorouracil
folinic acid (5-FU/FA) 200mg/m2 folinic acid (1-hour 
infusion prior to 5-FU) and 400mg/m2 5-FU per day 
intravenously once daily x 5 every 5 weeks or 1000 mg/
m2 capecitabine twice a day x 5 every 5 weeks.

Systemic inflammatory marker

Blood samples from all patients were collected 
within 7 days before starting nCRT protocol. White blood 
cell, neutrophil, lymphocyte, and platelet counts were 
recorded. The neutrophil to lymphocyte ratio (NLR) 
was calculated as the neutrophil count divided by the 
lymphocyte count using preoperative blood test results. 
An NLR ≥3 was considered elevated (based on receiver 
operating characteristic curve analysis).

Pretreatment biopsy samples - hematoxylin and 
eosin (H&E) staining and immunohistochemistry 
(IHC)

Diagnostic pretreatment paraffin-embedde biopsies 
were available and reviewed by a pathologist blinded 
to clinical data. Tumor biopsy sample classification,
including grade, were obtained for the worst tumor areas 
whenever available material contained several areas 
with neoplasia. The mitotic index was the number of 
mitoses for 10 high-powered fields and the cut-off was 
chosen taking into account the best ratio of sensitivity to 
specificit . In the absence of neoplasia in 10 high-power 
fields, the number of mitoses was counted in the number 
of observed fields, estimating the value for 10 fields

IHC for cyclin D1, p21, epidermal growth factor 
receptor (EGFR) and vascular endothelial growth factor 
(VEGF) were performed in tissue arrays constructed 
from core tissue specimens (preoperative endoscopic 
biopsy) taken before treatment. Representative core 
tissue specimens (2 mm in diameter) were taken from 
individual paraffi blocks and rearranged in new tissue 
array blocks using a trephine apparatus (Superbiochips 
Laboratories, Seoul, Korea). Array slides were labeled 
by IHC with four commercially available antibodies 
to: cyclin D1 (1:1000; BD Biosciences, MA, USA), 
p21 (1:300; Spring Bioscience, CA, USA), EGFR 
(1:200; Abcam, MA, USA), and VEGF (1:30 dilution; 
BD Biosciences). Antigen retrieval was performed 
by immersing the slides in citrate buffer (pH 6.0) and 
microwaving them for 10 minutes. Nonreactive sites were 
blocked using 1% horse serum in Tris-buffered saline (pH 
6.0) for 3 minutes. Primary antibodies were applied, and 
antibody binding was detected using the avidin-biotin 

peroxidase complex (Universal Elite ABC kit PK-6200; 
Vectastain, Burlingame, CA, USA) and diaminobenzidine 
tetrahydrochloride solution (Kit HK 153-5 K; Biogenex, 
San Ramon, CA, USA). We performed the IHC procedure 
without primary antibody for negative controls. Normal 
colorectal epithelial cells were used as internal negative 
controls. 

The location of staining, nuclear, membranous, or 
cytoplasmic, was recorded. The percentage of positively 
stained cells were assigned to one of four categories for 
protein expression: 0%, 0; 1-25%, 1; 26-50%, 2; > 50%, 
3. The staining intensity was scored as follows: none or
weak, 0; moderate, 1; intense, 2. If the staining intensity 
was heterogeneous in a section, it was scored based on 
that which was predominantly observed. The two scores 
(if different from zero) were then multiplied to produce 
a weighted score for each tumor specimen (Table 7). The 
final score was grouped as follow 0-3, weak; ≥4, strong 
(Figure 1 and 2).

The samples were scored by 2 independent analysts 
blinded to the patients’ clinical information. Expression 
of each protein was quantified using a visual grading 
system, based on the extent of the tumor staining. The 
mean value for the expression of each biomarker was then 
calculated. Tumor staining at a level higher than the mean 
was considered to indicate high expression, while staining 
at a level lower than the mean was considered to indicate 
low expression. The consistency of the expression scores 
between the 2 independent observers was greater than 
90%. In cases of disagreement, the expression level was 
determined by consensus.

Sample collection and biological processing for 
DNA analysis

DNA was extracted preferably from blood or 
alternatively from tumor tissue. Blood samples were 
collected with a standard venipuncture technique 
using EDTA-containing tubes before the beginning of 
neoadjuvant therapeutic. Genomic DNA was extracted 
from peripheral blood leukocytes, using the QIAamp 
DNA Blood Mini Kit (Qiagen, Madrid, Spain) following 
the manufacturer’s instructions.

For patients unable to provide a blood sample, 
the DNA was extracted from formalin-fixed paraffi
embedded blocks from the Pathology Department at our 
Hospital. Two to four 10-mm thick section were used in 
each extraction depending on the size of tissue area (1.5-
3 cm2). Briefl , the tumor tissue specimens from each 
glass slide were scraped, using a clean razor blade, into 
a 1.5-ml microcentrifuge tube followed by centrifugation 
at 14000-16000 × g for 3 minutes. The tissue pellets were 
then rehydrated with 1 ml of absolute ethanol, followed 
by centrifugation at 14000-16000 × g for 3 minutes and 
the supernatant was discarded. This step was repeated 
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twice. The tube was left open for 15 minutes to allow 
any remaining ethanol to evaporate. Further steps of 
DNA isolation were performed using the GRS Genomic 
DNA Kit. Tissue, in accordance with the manufacturer’s 
protocol (GRiSP, Porto, Portugal).

DNA was quantified using a NanoDrop 1000 
Spectrophotometer (Thermo Fisher Scientific, Wilmington, 
DE, USA) and stored at -20˚C until genotype examination. 
The DNA quality was determined by measuring the optical 
density (OD) 260/280 ratio.

Polymorphism selection

The strategy for polymorphism selection has 
been described elsewhere [74]. Briefl , using a tagSNP 
approach, the genetic variants were retrieved from a set 
of common SNPs in the Caucasian population of HapMap 
project (CEU) (https://ncbi.nlm.nih.gov). The Genome 
Variation Server (version 7.00) was used to recover 
tagSNPs capturing variations (i) with a minor allelic 
frequency of 15% or more; (ii) within the coding region of 
the genes plus 2 kb upstream and downstream, (iii) with a 
r2 greater than 0.8, and (iv) which successfully converted 
to the Sequenom platform (Sequenom, San Diego, CA, 
USA). A total of 55 tagSNPs were analyzed in COX2, 
HPGD, SLCO2A1 and ABCC4 PGE2 pathway-related 
genes.

Furthermore, rs2946834 insulin-like growth factor 
1 (IGF1), rs1801280 N-acetyltransferase 2 (NAT2), 
rs1800629 tumor necrosis factor-alpha (TNFA), rs9344 
cyclin D1 (CCND1), rs2227983 EGFR, and rs1800871 
interleukin 10 (IL10) polymorphisms, previously found 
to be associated with colorectal tumor development, were 
also included.

Genotype characterization

TagSNP genotyping was performed using 
MassARRAY iPLEX Gold technology (Sequenom) 
based on multiplexed amplification followed by mass-
spectrometric product separation. This technique was 
carried-out by the Genomic Unit, Genotyping Service, 
Gulbenkien Science Institute.

Resected specimen samples - H&E staining and 
IHC

Immunohistochemical staining for cyclin D1, 
p21, EGFR and VEGF was performed in tissue arrays 
constructed from core tissue specimens taken from the 
resected specimen using the methodology applied in 
pretreatment tumor biopsies.

Standard pathological tumor staging of the resected 
specimen was performed in accordance with the guidelines 

of the American Joint Committee on Cancer (http://www.
cancerstaging.net). The circumferential resection margin 
was scored as positive when cancer cells were within 
1 mm of the margin. Evidence of pathologic complete 
response after neoadjuvant treatment (ypCR) was defined
as an absence of viable adenocarcinoma in the surgical 
specimen or the presence of lakes of mucus without tumor 
cells. The histology of all surgical specimens was reviewed 
and confirmed by a pathologist blinded to clinical data 
and they were classified based on the Mandard tumor 
regression grading system [75].

The number of tumor samples taken from the 
resected specimens was variable, with a mean of six 
paraffi blocks per case. The methodology used was the 
following: five samples were taken from the area with 
macroscopic lesion (assuming it existed), i.e. in the same 
manner as dealing with a specimen from a patient who 
had not received neoadjuvant therapy. These included the 
closest macroscopic approach of the macroscopic lesion 
to the peritoneal surface or the mesorectal excision plane, 
as appropriate. If no viable tumor was identified within 
the initial five blocks, the whole of the remainder of any 
macroscopic lesion in additional blocks was included. If 
no viable tumor was identified within these extra blocks, 
another three further levels from all of these blocks were 
taken. If no viable tumor was identified in these sections, 
then complete histological tumor regression was assumed.

All obtained slides were seen and reviewed 
by the same experienced pathologist blinded to 
clinicopathological data. Items observed and registered in 
the biopsies were subsequently analyzed in the resected 
specimen and the same criteria adopted.

Patients were then divided in two groups according 
to the Mandard TRG system, good responders were 
defined as Mandard TRG1 orTRG2; poor responders were 
defined as Mandard TRG3, TRG4 or TRG5 (Figure 3). 
Both groups (good versus poor responders) were used to 
evaluate outcomes.

Survival and disease recurrence definition

Disease recurrence was evaluated according to 
location: locoregional (LR), systemic (DR), or mixed. 
All surviving patients were followed-up and their current 
status was confirmed. None of the patients were lost from 
follow-up. Disease-free survival (DFS) was calculated 
from the first date of neoadjuvant treatment to the date of 
progression (local or distant), and overall survival (OS) 
was calculated from the first date of treatment to the date 
of death or last follow-up.

Statistical analysis

The survival function was estimated using the 
Kaplan-Meier method. The difference in survival rates 
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between groups was tested for significance using the log-
rank test. The significance of differences in proportions 
was calculated with Chi-square test and the differences
in means with Student’s t test. A logistic regression 
analysis was used to assess the independent significance
of factors predictive of response, defined as “good” or 
“poor” responders (TRG1- 2/TRG3-5): age; gender; 
clinical stage; anal-tumor distance; pre-treatment blood 
samples of CEA and NLR assay; samples biopsies pre-
treatment immunohistochemical expression of cyclin D1, 
EGFR, VEGF and p21; and 61 tagSNPs were studied.
The statistical analysis was made with SPSS statistical 
software (version 21.0 for Windows; SPSS Inc., Chicago, 
IL). All statistical tests were conducted at a two-sided 
level of significance of 0.05.

Supporting Information

Supplementary Table S1b Description, frequencies 
and predictive response value of selected SNPs in the 167 
patients. 

Availability of data and materials

This is an observational cohort research study with 
a prospective registration. The data and materials are 
available in Surgery Department of Hospitalar Center of 
Porto, Portugal.
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Abstract. Aim: To evaluate the prognostic significance and
potential therapeutic implication of genetic variability in
prostaglandin E2 pathway genes in patients with locally
advanced rectal cancer (LARC) treated with neoadjuvant
chemoradiotherapy (nCRT) followed by surgery. Materials
and Methods: This cohort study gathered 167 patients with
LARC, treated with nCRT followed by surgery. A total of 61
single nucleotide polymorphisms (SNPs) were characterized
using the Sequenom platform through multiplex amplification
followed by mass-spectometric product separation. Surgical
specimens were classified according to Mandard tumor
regression grade (TRG). The patients were divided as ‘good
responders’ (Mandard TGR1-2) and ‘poor responders’
(Mandard TRG3-5). We examined prognostic value of
polymorphisms studied to determine if they are related to
Mandard response. Results: Mandard tumor response and
rs17268122 in ATP binding cassette subfamily C member
(ABCC4) gene were the only two parameters with
independent prognostic significance for disease-free survival.

Conclusion: tagSNP ABCC4 rs17268122 appears to be a
prognostic factor in LARC treated with nCRT and surgery,
independently of response to nCRT. The screening of ABCC4
rs17268122 tagSNP and the Mandard tumor response in
clinical practice may help to identify patients with different
rectal cancer prognosis and contribute to an individualized
therapeutic decision tree. 

Neoadjuvant chemoradiation followed by curative surgery
remains the standard care for locally advanced rectal cancer.
It improves local control and reduces toxicity compared with
postoperative treatment (1). However, not all patients benefit
from this type of protocol. About one-third of patients still
develop distant metastases and eventually die of their disease
(2). Tumor down-sizing and down-staging, with locoregional
disease control and better survival, is achieved only if there
is complete or near-complete tumor response (3, 4). In fact,
various histopathological responses to the same
chemoradiotherapy protocol are possible and are related
more to tumor biology than tumor stage. Understanding
tumor biological features and patient genetic variability are
important; only this through can a more patient-tailored
treatment capable of conferring better prognosis become
possible. One of the aspects that can affect tumor biology
and explain different behavior of rectal cancer is that of
genetic biomarkers. These can be studied through
immunohistochemical expression in tumor biopsies and
tumor-resected specimens, or by genetic variability analysis
using patients’ blood or tumor tissue samples.
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Over the past decade, the study of the genetic background,
namely single nucleotide polymorphisms (SNPs), has raised
growing interest. These are the simplest type of
polymorphism and result from a single base mutation, which
substitutes one nucleotide by another. In fact, since SNPs are
inherited from one generation to the next, with high
frequency in the genome and with potential functional
repercussions in gene expression, they represent good
biomarkers of tumor biology (5). The study of
cyclooxygenase-2 (COX2)-derived prostaglandin E2 (PGE2)
pathway genes in LARC treated with neoadjuvant
chemoradiotherapy (nCRT) and surgery may help to
understand the different tumor behavior and response
heterogeneity in patients with the same clinical stage treated
with similar schemes. In fact, COX2-derived PGE2 is the
most abundant prostaglandin found in colorectal tumors (6,
7). In addition to its well-known role in inflammatory
reactions, COX2 plays a role in tumor progression,
stimulation of angiogenesis, promotion of metastasis, and
decrease of the antitumor immune response (8, 9). Steady-
state extracellular PGE2 levels are regulated by the balance
between biosynthesis and degradation, promoted by 15-
hydroxyprostaglandin dehydrogenase (HPGD) but also the
specific influx and efflux PG membrane transporters
[prostaglandin transporter (PGT) encoded by SLCO2A1 gene
and multidrug resistance-associated protein 4 encoded by
ABCC4 gene]. Hence genetic variability in COX2, HPGD,
SLCO2A1 and ABCC4 PGE2 pathway genes can influence
gene expression, leading to the extracellular accumulation of
PGE2, development, progression of colorectal cancer, or
even interfering with chemoradiation response and prognosis
in locally advanced rectal cancer (LARC) (10-13). 

Therefore, with this study we aimed to evaluate 61 SNPs,
the majority in PGE2 pathway genes, on survival of patients
with LARC cancer treated with nCRT followed by surgery
at a single tertiary center.

Patients and Methods
Ethics approval. This project was approved by the Research Ethics
Health Committee (references188-CES) and Department of
Education, Development and Research (reference 133-DEFI) of the
Hospital Center  . Informed consent from patients whose
tissue was archived was not required as per Ethics Board guidelines. 
Patient informed consent for the use of blood and tissue for genetic
polymorphism was obtained.

Patient population. A consecutive series of patients with, biopsy-
proven LARC, who underwent nCRT followed by elective radical
surgery with total mesorectal excision (TME) with curative intent
between January 2003 and December 2013 were recruited after 
reviewing the clinical database at the Digestive Surgery Service,
University Hospital Center  , which is a tertiary referral center 
for a population of 728,663 inhabitants. All patients with rectal 
cancer (T2N+M0 or cT3/4 N0/+M0) located at less than 12 cm of 
distance

from the anal verge who received nCRT and were operated within
8 weeks after radiotherapy ended were included, if none of the
following exclusion criteria were met: other diagnosed neoplasia,
short course radiotherapy, post neoadjuvant stage IV, R1/R2 surgery,
and postoperative death within 60 days.

Diagnosis and staging criteria. Staging included rigid proctoscopy,
total colonoscopy, chest, abdominal and pelvic computed
tomographic scan, endorectal ultrasound, pelvic magnetic resonance
image (since 2008), and serum carcinoembryonic antigen (CEA)
level.

nCRT protocol. This protocol included total irradiation of 50.4 Gy
in 28 fractions and 5-fluorouracil (5-FU) by infusion pump (225
mg/m2/day, 7 days for week, from the first until the last day of
radiotherapy) or capecitabine (2500 mg/m2/day, divided in two
doses, from de first until the last day of radiotherapy). All patients
receiving nCRT were operated on within 8 weeks after radiotherapy
ended. 

Surgical procedures. Radical surgery consisted mainly of
sphincter_saving rectal resection or abdominoperineal resection both
with total mesorectal excision. Regarding the selection of the
operative procedure, we considered the distance of the lesion from
the anus, the comorbidities of the patient, and the condition of the
anal sphincter.

Adjuvant chemotherapy protocol. Post surgery, patients were
administered adjuvant chemotherapy protocol for 6 months performed
preferably with 5-FU or a combination of 5-FU and oxaliplatinum
(one of the followed regimens: mFolFOX6 – 200 mg/m2 folinic acid
(FA) day 1, 400 mg/m2 5-FU bolus day 1, continued infusion for 46
hours of 2400 mg/m2 5-FU and 85 mg/m2 oxaliplatin, 14/14 day cycle;
CapeOx: 1000 mg/m2 capecitabine twice a day, days 1-14, 130 mg/m2
oxaliplatin day 1, 21/21 day cycle; 5-FU/FA: 200 mg/m2 FA day 1,
400 mg/m2 5-FU bolus day 1, continued infusion for 46 hours of 2400
mg/m2 5-FU, 14/14 day cycle).

Systemic inflammatory markers. Blood samples from all patients
were collected within 7 days before starting nCRT protocol. White
blood cell, neutrophil, lymphocyte, and platelet counts were
recorded. The neutrophil to lymphocyte ratio (NLR) was calculated
as the neutrophil count divided by the lymphocyte count using
preoperative blood test results. An NLR ≥3 was considered elevated
(based on receiver operating characteristic curve analysis).

Pretreatment biopsy samples – hematoxylin and eosin (H&E)
staining and immunohistochemistry (IHC). Diagnostic pretreatment
paraffin-embedded biopsies were available and reviewed by a
pathologist blinded to clinical data. Tumor biopsy sample
classification, including grade, were obtained for the worst tumor
areas whenever available material contained several areas with
neoplasia. The mitotic index was the number of mitoses for 10 high-
powered fields and the cut-off was chosen taking into account the
best ratio of sensitivity to specificity. In the absence of neoplasia in
10 high-power fields, the number of mitoses was counted in the
number of observed fields, estimating the value for 10 fields.

IHC for cyclin D1, p21, epidermal growth factor receptor
(EGFR) and vascular endothelial growth factor (VEGF) were
performed in tissue arrays constructed from core tissue specimens
(preoperative endoscopic biopsy) taken before treatment.
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Representative core tissue specimens (2 mm in diameter) were taken
from individual paraffin blocks and rearranged in new tissue array
blocks using a trephine apparatus (Superbiochips Laboratories,
Seoul, Korea). Array slides were labeled by IHC with four
commercially available antibodies to: cyclin D1 (1:1000; BD
Biosciences, MA, USA), p21 (1:300; Spring Bioscience, CA, USA),
EGFR (1:200; Abcam, MA, USA), and VEGF (1:30 dilution; BD
Biosciences). Antigen retrieval was performed by immersing the
slides in citrate buffer (pH 6.0) and microwaving them for 10
minutes. Nonreactive sites were blocked using 1% horse serum in
Tris-buffered saline (pH 6.0) for 3 minutes. Primary antibodies were
applied, and antibody binding was detected using the avidin-biotin
peroxidase complex (Universal Elite ABC kit PK-6200; Vectastain,
Burlingame, CA, USA) and diaminobenzidine tetrahydrochloride
solution (Kit HK 153-5 K; Biogenex, San Ramon, CA, USA). We
performed the IHC procedure without primary antibody for negative
controls. Normal colorectal epithelial cells were used as internal
negative controls.

The location of staining, nuclear, membranous, or cytoplasmic,
was recorded.

The percentage of positively stained cells were assigned to one
of four categories for protein expression: 0%, 0; 1-25%, 1; 26-50%,
2; >50%, 3. The staining intensity was scored as follows: none or
weak, 0; moderate, 1; intense, 2. If the staining intensity was
heterogeneous in a section, it was scored based on that which was
predominantly observed. The two scores (if different from zero)
were then multiplied to produce a weighted score for each tumor
specimen. The final score was grouped as follow 0-3, weak; ≥4,
strong (Figure 1).

Sample collection and biological processing for DNA analysis. DNA
was extracted preferably from blood or alternatively from tumor
tissue. Blood samples were collected with a standard venipuncture
technique using EDTA-containing tubes before the beginning of
neoadjuvant therapeutic. Genomic DNA was extracted from
peripheral blood leukocytes, using the QIAamp DNA Blood Mini Kit
(Qiagen, Madrid, Spain) following the manufacturer’s instructions. 

For patients unable to provide a blood sample, the DNA was
extracted from formalin-fixed paraffin-embedded blocks from the
Pathology Department at our Hospital. Two to four 10-mm thick
section were used in each extraction depending on the size of tissue
area (1.5-3 cm2). Briefly, the tumor tissue specimens from each glass
slide were scraped, using a clean razor blade, into a 1.5-ml
microcentrifuge tube followed by centrifugation at 14000-16000 × g
for 3 minutes. The tissue pellets were then rehydrated with 1 ml of
absolute ethanol, followed by centrifugation at 14000-16000 × g for
3 minutes and the supernatant was discarded. This step was repeated
twice. The tube was left open for 15 minutes to allow any remaining
ethano to evaporate. Further steps of DNA isolation were performed
using the GRS Genomic DNA Kit. Tissue, in accordance with the
manufacturer’s protocol (GRiSP, Porto, Portugal). 

DNA was quantified using a NanoDrop 1000 Spectrophotometer
(Thermo Fisher Scientific, Wilmington, DE, USA) and stored
at –20˚C until genotype examination. The DNA quality was
determined by measuring the optical density (OD) 260/280 ratio.

Polymorphism selection. The strategy for polymorphism selection
has been described elsewhere (10). Briefly, using a tagSNP
approach, the genetic variants were retrieved from a set of common
SNPs in the Caucasian population of HapMap project (CEU)

(https://ncbi.nlm.nih.gov). The Genome Variation Server (version
7.00) was used to recover tagSNPs capturing variations (i) with a
minor allelic frequency of 15% or more; (ii) within the coding
region of the genes plus 2 kb upstream and downstream, (iii) with
a r2 greater than 0.8, and (iv) which successfully converted to the
Sequenom platform (Sequenom, San Diego, CA, USA). A total of
55 tagSNPs were analyzed in COX2, HPGD, SLCO2A1 and ABCC4
PGE2 pathway-related genes. 

Furthermore, rs2946834 insulin-like growth factor 1 (IGF1),
rs1801280 N-acetyltransferase 2 (NAT2), rs1800629 tumor necrosis
factor–alpha (TNFA), rs9344 cyclin D1 (CCND1), rs2227983 EGFR,
and rs1800871 interleukin 10 (IL10) polymorphisms, previously
found to be associated with colorectal tumor development, were also
included.

Genotype characterization. TagSNP genotyping was performed
using MassARRAY iPLEX Gold technology (Sequenom) based on
multiplexed amplification followed by mass-spectrometric product
separation. This technique was carried-out by the Genomic Unit,
Genotyping Service, Gulbenkien Science Institute. 

Resected specimen samples – H&E staining and IHC.
Immunohistochemical staining for cyclin D1, p21, EGFR and
VEGF were performed in tissue arrays constructed from core tissue
specimens taken from the resected specimen using the methodology
applied in pretreatment tumor biopsies.

Standard pathological tumor staging of the resected specimen
was performed in accordance with the guidelines of the American
Joint Committee on Cancer (http://www.cancerstaging.net). The
circumferential resection margin was scored as positive when cancer
cells were within 1 mm of the margin. Evidence of pathologic
complete response after neoadjuvant treatment (ypCR) was defined
as an absence of viable adenocarcinoma in the surgical specimen or
the presence of lakes of mucus without tumor cells. The histology
of all surgical specimens was reviewed and confirmed by a
pathologist blinded to clinical data and were classified based on the
Mandard tumor regression grading system (14).

The number of tumor samples taken from the resected specimens
was variable, with a mean of six paraffin blocks per case. The
methodology used was the following. Five samples were taken from
the area with macroscopic lesion (assuming it existed), i.e. in the
same manner as dealing with a specimen from a patient who had
not received neoadjuvant therapy. These included the closest
macroscopic approach of the macroscopic lesion to the peritoneal
surface or the mesorectal excision plane, as appropriate. If no viable
tumor was identified within the initial five blocks, the whole of the
remainder of any macroscopic lesion in additional blocks was
included. If no viable tumor was identified within these extra
blocks, another three further levels from all of these blocks were
taken. If no viable tumor was identified in these sections, then
complete histological tumor regression was assumed.

All obtained slides were seen and reviewed by the same
experienced pathologist blinded to clinicopathological data. Items
observed and registered in the biopsies were subsequently analyzed
in the resected specimen and the same criteria adopted.

Patients were then divided in two groups according to the
Mandard TRG system, good responders were defined as Mandard
TRG1 orTRG2; poor responders were defined as Mandard TRG3,
TRG4 or TRG5 (Figure 2). Both groups (good versus poor
responders) were used to evaluate outcomes.
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Survival and disease recurrence definitions. Disease recurrence was
evaluated according to location: locoregional (LR), systemic (DR),
or mixed. All surviving patients were followed-up and their current
status was confirmed. None of the patients were lost from follow-
up. Disease-free survival (DFS) was calculated from the first date
of neoadjuvant treatment to the date of progression (local or
distant).

Statistical analysis. The survival function was estimated using the
Kaplan–Meier method. The difference in survival rates between
groups was tested for significance using the log-rank test. A Cox
proportional hazard regression model was performed to estimate
which prognostic factors were associated with survival: age;
gender clinical stage; anal-to-tumor distance; pre-treatment CEA;
pre-treatment NLR; biopsy mitotic number; inflammatory
infiltrate; pre-treatment IHC expression of cyclin D1, EGFR,
VEGF and p21; CEA post-CRT; surgery procedure; tumor grade;
tumor desmoplastic infiltration; tumor inflammatory reaction;
tumor vascular venous invasion; tumor lymphatic invasion; tumor
perineural invasion; pathologic stage; circumferential involvement;
tumor mitosis number; tumor necrosis; post-treatment
immunohistochemical expression of cyclin D1, EGFR, VEGF and
p21; tumor downstaging and downgrading; Mandard TRG
response; and status of 61 tagSNPs. Univariate analysis studied
survival with respect to the parameter under investigation.
Multivariate Cox stepwise likelihood ratio analysis selected
prognostic factors after adjustment for the effect of the other
variables and a Cox model using enter method was applied. The
significance of differences in proportions was calculated with Chi-
square test and the differences in means with Student’s t-test. The
statistical analysis was performed using SPSS statistical software
(version 21.0 for Windows; IBM Corp., Armonk, NY, USA). All
statistical tests were conducted at a two-sided level of significance
of 0.05 and factors significant with p<0.15 were included in the
multivariate analysis.

Results

Description of study population and clinical parameters.
This cohort study gathered 186 consecutive patients with
LARC treated with nCRT follow by curative surgery with
total mesorectal excision at one single University Hospital.
After exclusion of 11 patients with positive radial margin
(R1 surgery), for 4 patients with yp stage IV, and four deaths
within 60 postoperative days, 167 patients were included in
the present analysis, with a median age of 64.8 years
(range=31-82 years). The male to female ratio was 1.69:1.
The clinical parameters are summarized in Table I.

Polymorphism study. Three SNPs were excluded from the
analysis due to genotyping failure, leaving a total of 58 to
be included in the survival analysis: 29 in ABCC4, 15 in
SLCO2A1, seven in HPGD, and one each in COX2,
EGFR, CCND1, IL10, TNFA, IGF1 and NAT2 genes.
Genotypic frequencies and DFS by selected SNPs in the
167 patients are given in Table S1 (http://chporto.pt/Table-
S1a).

Biopsy characteristics. The biopsy characteristics including
IHC expression of cyclin D1, p21, EGFR and VEGF are
shown in Table II.
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Table I. Clinical parameters of patients included in this study.

Variable Value/N (%)

Age, years
   Mean 64.62
   Range (29-83)
Gender
   Male 105 (62.9)
   Female 62 (37.1)
Tumor length
   <4 cm 41 (24.6)
   4-6 cm 85 (50.8)
   ≥6 cm 41 (24.6)
Tumor luminal circumference extension
   ≤1/3 27 (16.2)
   >1/3 and ≤1/2 59 (35.3)
   >1/2 and ≤2/3 39 (23.4)
   >2/3 and ≤3/3 42 (25.1)
Distance from anal verge
   >6 cm 81 (48.5)
   ≤6 cm 86 (51.5)
Pre-CRT CEA
   <5 ng/ml 116 (69.5)
   ≥5 ng/ml 44 (26.3)
   Missing 7 (4.2)
NLR
   <3 96 (57.4)
   ≥3 71 (42.5)
cT stage
   2-3 152 (91.0)
   4 15 (9.0)
Clinical stage
   II 76 (45.5)
   III 91 (54.5)
Post-CRT CEA 
   <5 ng/ml 141 (84.4)
   ≥5 ng/ml 14 (8.4)
   Missing data 12 (7.2)
Surgical procedure
   AAR/SSO 107 (64.1)
   APR/other 60 (35.9)
Surgery
   Open 129 (77.2)
   Laparoscopic 38 (22.8)
Perioperative complications
   Morbidity 42 (25.1)
   Abdominal or pelvic abscess 16 (9.5)
   Anastomose leak 3 (1.7)
   Reoperation 6 (3.5)
   Re-admission 3 (1.7)

Pre-CRT CEA: pre-chemoradiotherapy carcinoembryonic antigen; NLR:
neutrophil lymphocyte ratio. cT stage: clinical T stage of TNM staging
system; AAR: anterior abdominal resection; SSO: sphincter-saving
operation; APR: abdominoperineal resection.
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Figure 1. Immunohistochemistry study of cyclin D1, p21, epidermal growth factor receptor (EGFR) and vascular endothelial growth factor (VEGF)
showing representative examples of weak and strong staining (×200 and ×100).

Figure 2. Mandard tumor regression grade (TRG) system and representative examples of TRG for resected adenocarcinoma.
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Surgery. Sphincter-saving rectal resection with anastomosis
(with or without protective ileostomy) was performed on 107
patients (64.1%). Abdominoperineal resection was performed
on 53 patients, and seven patients were subjected to
proctectomy with definitive stoma. The perioperative
morbidity of the series was 25.1%, with 16 abdominal or
pelvic abscesses, three anastomostic leaks, that included six
reoperations (due to three leakages and three abdominal
abcesses), and three re-admissions (due to pelvic abscess).

Pathology of resected specimens. Stage distribution is shown
in Table III.

The average number of dissected lymph nodes in the
surgical specimens was 8 (range=0-22). Circumferential
resection margin >1 mm was confirmed in all 167 patients.

Response to neoadjuvant therapy is characterized in Table
III. Tumor downstaging was observed in 67 patients (40.1%).
Reduction in T-stage by one level was observed in 29
patients (17.4%) and by two or more levels in 38 patients
(22.8%). Observations indicating pathological down-staging
are given in Table III. Ninety five (56.8%) patients presented
one or lower pathological stage than their initial clinical
tumor stage. ypCR or Mandard TRG1 was confirmed in 31
patients (18.5%). The use of Mandard system allowed us to
define two groups as previously mentioned: good responders
(Mandard TRG1-2) and poor responders (Mandard TRG3-
5). Using the Mandard system, a good response to nCRT was
found in 86 patients (51.4%) and a poor response in 81
(48.5%).

Clinical outcome. Table IV shows long-term clinical outcome,
relapse of disease and survival. With a median follow-up of
64 months (range=6-148 months), 5-year DFS was 73.3% and
pelvic control was 95.8%. Seven patients (4.2%) developed
pelvic recurrence (five isolated and two with synchronous
metastatic disease) and 22 (13.2%) distant metastases alone.
Two out of seven pelvic recurrence occurred later in the
outcome – after 18 months of follow-up (at 28 and 45 months,
respectively). Twelve out of 167 patients had more than 24 but
less than 42 months of follow-up. Local recurrence increased
slightly to 4.5% (7/155) when considering only patients with
more than 42 months of follow-up. 

Prognostic value of data variables. More than 90 variables
were included in the univariate analysis for prognostic
significance (including morbidity). Thirteen were associated
with an adverse prognosis and subsequently included in the
multivariate model (p<0.15), as shown in Table V.

Patients with a poor Mandard response, ypN stage 1-2,
with no pathological TNM downstaging, with moderately
differentiated or undifferentiated tumors, presenting
overexpression of VEGF or p21 in pretreatment biopsies, or
who were carriers of rs17268122TT and rs8002180TT/TC in

ABCC4, rs1800871AA in IL10 or rs2227983GG in EGFR
genotypes presented a significantly worse 5-year DFS. 

In a univariate analysis, four tag SNPs were identified as
biomarkers associated with DFS: rs17268122 and rs8002180
in ABCC4, rs2227983 in EGFR, and rs1800871 in IL10. One
of them, rs17268122 in ABCC4 gene.

In a Cox stepwise forward likelihood model, the Mandard
TRG response and ABCC4 rs17268122 tagSNP were
identified has independent prognostic factors after adjustment
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Table II. Biopsy characteristics.

Variable N (%)

Grade
    1 46 (27.5)
    2 98 (58.7)
    3 8 (4.8)
    Missing data 15 (9.0)
Mucinous presence
    No 145 (86.8)
    Yes 7 (4.2)
    Missing data/not applied 15 (9.0)
Mitosis number
    ≤9,5 34 (20.4)
    ≥9,6 117 (70.0)
    Missing data/not applied 16 (9.6)
Inflammatory infiltrate 
    Scarce 33 (19.8)
    Moderated 66 (39.5)
    Marked 52 (31.1)
    Missing data/not applied 16 (9.6)
Desmoplastic reaction 
    Scarce 44 (26.3)
    Moderated 80 (47.9)
    Marked 27 (16.2)
    Missing data/not applied 16 (9.6)
Degree of necrosis 
    Scarce 79 (47.3)
    Moderated 40 (23.9)
    Marked 32 (19.2)
    Missing data/not applied 16 (9.6)
IHC study of biopsy 
Cyclin D1 
    Weak (≤3) 126 (75.4)
    Strong (>3) 38 (22.7)
    Missing 3 (1.7)
EGFR
    Weak (≤<3) 89 (53.2)
    Strong (>3) 78 (46.7)
VEGF
    Weak (≤3) 58 (34.7)
    Strong (>3) 109 (65.2)
p21
    Weak (≤3) 100 (59.8)
    Strong (>3) 67 (40.1)

EGFR: Epidermal growth factor receptor; VEGF: vascular endothelial
growth factor; p21: p21 protein or cyclin-dependent kinase inhibitor or
CDK-interacting protein 1.
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considering all other variables (Table VI). Patients with
ABCC4 rs17268122GG and a poor Mandard response had a
nearly three-fold increased likelihood of death (p=0.002)
compared with those with this genotype with a good response.
Furthermore, patients homozygous for the rs17268122TT
ABCC4 genotype exhibited a worse DFS (p=0.001).

We also calculated the HR by Mandard response for the three
genotypes of rs172268122 ABCC4 (GG, GT and TT). Patients
with a poor response to nCRT with GG genotype of the
rs17268122 ABCC4 had a HR=2.916 (95% CI=1.370-5.426);
patients with a poor response to nCRT and GT genotype of
rs17268122 ABCC4 had an increased likelihood of death with
HR=4.627 (HR=e1.070+0.406; 95% CI=1.174-18.653) and those

with a poor response with TT genotype had a very dismal HR
of 13.653 (HR=e1.070+1.544; 95% CI=1.582-68.191). 

Figures 3 and 4 show Kaplan–Meier survival curves for
DFS according to Mandard response and rs17286122
ABCC4 genotype. 

Discussion

The use of nCRT in LARC modified the prognostic value of
traditional clinical parameters. In fact, when nCRT is
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Table III. Characteristics of resected specimens.

Variable N (%)

ypT stage
    pT0-1 38 (22,8)
    pT2-4 129 (77.2)
ypN stage
    pN0 110 (65.9)
    pN1-2 57 (34.1)
Pathological stage
    0 58 (34.7)
    II 58 (34.7)
    III 51 (30.5)
T downstaging
    Yes 67 (40.1)
    No 100 (59.9)
Pathological TNM downstaging
    Yes 95 (56.9)
    No 72 (43.1)
CRM distance
    >2mm 159 (95.2)
    ≤2 and >1mm 8 (4.8)
Distal margin
    ≥2cm 108 (65.7)
    <2 cm and ≥1 cm 59 (35.3)
Mandard TRG
    TRG 1-2 (Good responders) 86 (51.4)
    TRG 3-5 (Poor responders) 81 (48.5)
Linfatic permeation
    No 100 (59.9)
    Yes 67 (40.1)
Vascular permeation
    No 142 (85)
    Yes 25 (15)
Perineural permeation
    No 96 (57.5)
    Yes 71 (42.5)
Grade
    0 32 (19.2)
    1 31 (18.6)
    2 98 (58.7)
    3 6 (3.6)

Variable N (%)

Mucinous presence 
    Yes 41 (24.5)
    No 126 (75.4)
Inflammatory infiltrate
    Scarce 60 (35.9)
    Moderated 75 (44.9)
    Marked 28 (16.8)
    Missing data 4 (2.4)
Desmoplastic reaction
    Scarce 45 (26.9)
    Moderated 64 (38.3)
    Marked 51 (30.5)
    Missin data 7 (4.2)
Necrosis grade
    Scarce 27 (16.2)
    Moderated 38 (22.8)
    Marked 99 (59.3)
    Missing 3 (1.8)
Mitotic number
    ≤9.5 73 (43.7)
    >9.5 68 (40.7)
    Missing data 26 (15.6)
IHC study 
Cyclin D1 
    Weak (≤3) 143 (85.6)
    Strong (>3) 32 (13.8)
    Missing data 1 (0.6)
EGFR
    Weak (≤<3) 97 (58.1)
    Strong (>3) 70 (41.9)
VEGF
    Weak (≤3) 46 (27.5)
    Strong (>3) 121 (72.5)
p21
    Weak (≤3) 110 (65.9)
    Strong (>3) 57 (43.1)

ypT Stage: Pathological postneoadjuvant therapy T stage of TMN
staging system; ypN stage: pathological postneoadjuvant therapy N
stage of of TMN staging system; CRM: circumferential radial margin;
Mandard TRG: Mandard tumor regression grades; IHC study:
immunohistochemistry; EGFR: epidermal growth factor receptor;
VEGF: vascular endothelial growth factor; p21: p21 protein.
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employed, the magnitude of tumor response has greater
impact on survival than the majority of pre-treatment tumor
features, including clinical stage (15, 16). The prognostic
factors are commonly parameters resulting from nCRT action
on tumor tissues that lead to changes in tumor size and also
in characteristics of tumor cells and surrounding tissue.
These alterations are reflected in histological features, such
as tumor differentiation, mitotic number, amount of necrosis,
mucin deposits, fibrotic grade, desmoplastic reaction, type
and amount of inflammatory cells, and in IHC results. The
assessment of tumor response can be performed on single or
a set of histopathological tumor characteristics using ypTNM
classification and TRG scales. These are aspects of tumor
response assessment widely being studied by us (17) and by
many other groups, with different prognostic impact (3, 4,
15, 16, 18-26). These heterogeneous results can be explained
by several aspects instudy design such as: adoption of
different tumor regression grade scales, lack of method
standardization, semiquantitative methods and the utilization
of different antibodies and reagents in IHC studies. With
SNP characterization, part of this problem is overcome. The
results of genetic analysis remain immutable not depending
on whether DNA extraction was performed from tissue or
blood, before or after nCRT. The greatest drawback concerns
SNP selection, procedural costs and difficulty of application
in clinical practice.

Despite these technical difficulties, our project included
analysis at three main levels: IHC, histological and genetic. 

For IHC analysis of pretreatment biopsies and resected
specimens, we categorized samples by weak and strong
expression to reduce interobserver variability. Four
molecular markers were selected: cyclin D1, which plays a
vital role in cancer cell-cycle progression and for which
overexpression might be associated with poor clinical
outcome (27); EGFR, a transmembrane tyrosine kinase
receptor that can activate a cascade of multiple signaling
pathways that facilitate tumor growth and when
overexpressed can be related to more aggressive disease

(24); VEGF, associated with angiogenesis stimulation and
when overexpressed is associated with tumor growth and
aggressiveness (28); and p21, a cell-cycle inhibitor, which
when overexpressed may be associated with chemotherapy
resistance (29). In this study, only weak expression of VEGF
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Table IV. Long-term clinical outcome, relapse of disease and disease-
free survival (DFS).

Variable n (%)

Disease recurrence         Overall 29 (17.3%)
Local 5 (3%)
Distant 22 (13.2%)
Local and distant 2 (1.1%)

Five-year DFS               All patients 73.3% (se=3.8%)
“Good responders”              87.1% (se=4.1%)
“Poor responders”              57.7% (se=6.2%)*

*Significantly different at p<0.001 (log-rank test); se: standard error.

Table V. Association of factors with 5-year disease-free survival (DFS).

Variable N           5-Year DFS        p-Value*

VEGF biopsy
    Weak (≤3) 58          0.862 (0.049)          0.035
    Strong (>3) 109          0.673 (0.048)            
Mandard response
    Good (TRG1-2) 86          0.836 (0.046)       <0.001
    Poor (TRG3-5) 81          0.566 (0.065)            
CMR distance
    ≥2 mm 159          0.723 (0.041)          0.089
    <2 mm 8          0.500 (0.177)            
ypT stage
    0+1+2 62          0.826 (0.056)          0.055
    3+4 105          0.641 (0.054)            
ypN stage
    0 110          0.786 (0.046)       <0.001
    1-2 57          0.569 (0.073)            
Tumor downstaging
    Yes 67          0.790 (0.050)          0.053
    No 100          0.656 (0.054)
Pathological TNM downstanging
    Yes 96          0.795 (0.050)          0.019
    No 70          0.597 (0.064)
Differentiation grade
    0+1 52          0.852 (0.070)          0.015
    2+3 115          0.649 (0.050)            
p21 resected specimen
    Weak (≤3) 110          0.777 (0.043)          0.033
    Strong (>3) 57          0.647 (0.068)            
rs17268122 ABCC4
    GG 96          0.839 (0.042)          0.003
    GT 49          0.707 (0.070)
    TT 11          0.455 (0.150)
rs8002180 ABCC4 
    CC 19          0.947 (0.051)          0.02
    TT 81          0.779 (0.049)
    TC 21          0.639 (0.067)
rs1800871 IL10
    AG 67          0.780 (0.052)          0.033
    GG 80          0.808 (0.047)
    AA 15          0.419 (0.148)            
rs2227983 EGFR
    AA 8          0.833 (0.152)          0.045
    AG 58          0.861 (0.050)
    GG 93          0.708 (0.050)            

VEGF: vascular endothelial growth factor; Mandard TRG: Mandard
tumor regression grades (1 to 5); CRM distance: circumferential radial
margin distance; yp T/ypN stage: pathological postneoadjuvant therapy
T stage/N stage of TMN staging system; p21: p21 protein; ABCC4: ATP
binding cassette subfamily C member 4 gene; IL10: interleukin 10 gene;
EGFR: epidermal growth factor receptor gene. *By log-rank test.
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and p21 in pretreatment biopsies was found to confer better
prognosis than strong expression, although without statistical
significance in the multivariate analysis. This result is
concordant with those of Bertolini et al. (29). Nevertheless,
the role of p21 expression as a prognostic factor in survival
in rectal cancer remains controversial (30-32). 

Concerning assessment of histological tumor response to
CRT, we decided to adopt a two-point classification system
based on Mandard TRG to split the patients into subgroups
with significantly different prognosis, according to previous
studies (33, 34). This methodology allows us to find
prognosis factors with significance in multivariate analysis.
In our study, these parameters had a stronger impact on
outcome than other pathological features also related to tumor
response to CRT such as CMR distance, ypT stage, ypN
stage, yp tumor differentiation grade, tumor downstaging and
pathological TNM downstaging. Once again, our results

concur with these of some centers (4, 18, 35) but for others
complete pathological response or yp nodal stage, for
example, have a leading role in survival (16, 19, 22, 36). 

The SNP selection was based on preliminary results of the
study published by Pereira et al. (10) and also on the concept
of inflammation and oxidative stress as a key role in
development and progression of colorectal cancer (37, 38).
The methodology used allowed us to identify some parameters
with potential survival influence. In a univariate analysis, four
tag SNPs were identified as biomarkers associated with DFS:
rs17268122 and rs8002180 in ABCC4, rs2227983 in EGFR,
and rs1800871 in IL10. One of them, rs17268122 in ABCC4
gene, maintained prognostic significance in multivariate
analysis. Poor responders with ABCC4 rs17268122GG, -GT
or -TT genotype had almost 3-, 5- and 14-fold increased
hazard of death, respectively, compared with patients with a
good response and GG genotype. 
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Figure 3. Disease-free survival according to Mandard response. Good
response: Tumor regression grade (TRG)1-2, poor response: TRG3-5.

Figure 4. Disease-free survival according to rs12268122 ATP binding
cassette subfamily C member (ABCC4) genotype.

Table VI. Cox model for disease-free survival.

B              SE            Wald          df          HR               95% CI              p-Value

Mandard response for ABCC4 rs17268122 GG     Poor vs. good         1.070         0.345         9.618           1         2.916          1.370-5.426            0.002
ABCC4 rs17268122 GG 10.496          2            1 0.005

GT 0.462         0.357         1.674           1         1.588          0.788-1.834            0.196
TT 1.544         0.477        10.450          1         4.681         3.200-11.935           0.001

ABCC4: ATP binding cassette subfamily C member 4 gene; ABCC4 rs17268122: rs 17268122 single nucleotide polymorphism of ABCC4 gene.
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To our knowledge, this is the first study published about the
potential influence of SNP variability in PGE2 pathway genes
on survival of patients with LARC treated with nCRT followed
by surgery and adjuvant chemotherapy. Although our findings
must be confirmed in a large multicenter study with identical
design, it seems the application of a standard TRG scale and
the assessment of ABCC4 rs17286122 gene variability in
patients with LARC will be of benefit in clinical practice. 

Conclusion 

In our study, the two main factors with independent
prognostic significance in DFS in patients with LARC
treated with nCRT followed by surgery were Mandard tumor
response and the rs17268122 variability in ABCC4 gene.

The characterization of genetic variability in PGE2
pathway-related genes seems to be important in patients with
LARC. Application of Mandard tumor response appraisal
and ABCC4 rs17268122 genotype in a DFS model in clinical
practice may help to identify patients with rectal cancer with
different prognosis and contribute to an individualized
therapeutic decision tree. 
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Chapter 5

Discussion and Future perspectives 

1. Discussion

Understanding the several aspects covering rectum cancer entity is one of the 

priorities in oncological surgery world. Only by such way is possible to achieve the 

ideal therapeutic care. As a matter of fact, despite the amazing progress in surgical 

techniques and other therapeutic modalities, the disease still unsettles in one third of 

the cases. Tumor biology, host environment, therapeutic schedules, surgical 

technique and host characteristics are variables that interfere with therapeutic results 

and final outcome. Locally advanced rectal cancer treated with neoadjuvant 

therapeutic is the example of this issue. For that reason, we try with this 

observational cohort study to answer successively the following main research 

questions: 

In patients with LARC and treated with neoadjuvant CRT followed by surgery: 

1 – Which are the main factors of prognosis? Is tumor response the main prognosis 

factor in LARC treated with neoadjuvant CRT followed by surgery?   

2 – Which tumor regression grade scale to choose in order to assess tumor CRT 

response?  

3 - Can we predict which patients will be poor responders? 

4 - Have the poor responders a real benefit with this therapeutic approach? 

5 - Can we provide an individualized tailored therapeutic for predictable poor 

responders in order to achieve a better survival? 

In this project, we attempted to define prognostic factors in LARC treated with 

neoadjuvant CRT and for that we assess several levels of potential parameters. 
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To draw this study we assumed the following tenets: 

Neoadjuvant CRT used in LARC treatment causes tumor histopathological changes 

usually with tumor downsizing and downstaging. These modifications are present in 

varying degrees and reflect tumor response. The traditional yp TNM staging is 

insufficient to reflect this aspect, hence the association of a tumor regression grade 

scale is advisable. For that, several scales are available, however there is no 

agreement about which one is the best. This constrains the study design, and 

renders two relevant aspects for results analysis: the option of splitting patients in two 

groups – the “good” responders and “poor” responders and the selection of TGR 

system. 

Regarding patients, we divided them in two balanced and different groups, good 

(near or complete response – Mandard TRG1-2) and poor responders (the others – 

Mandard TRG3-5) for better characterized tumor response (figure 25). This kind of 

division was already used by other researchers but this option is not consensual. 

Indeed, most of the centers believe that only complete pathological response is 

related to a better prognosis and use it as benchmark to define the main goal to 

achieve. This presumption has some limitations in our view:  

Complete pathological response is present only at 15 to 25% of the cases maximum 

and the percentage of complete response varies with the interval of time between the 

end of radiation and surgery. In fact, our option was effective and allowed us to set 

the patients in two groups with distinct prognosis and with a representative number of 

elements, better in accuracy than the division: complete response versus other type 

of   response. This  aspect  has  been  studied  in  “Tumor  Regression  Grades - Can

They Influence Rectal Cancer Therapy Decision Tree?” (results – section 1) .

The second aspect regards TRG system selection.  Although several scales are 

available, we considered Mandard system the best to define near complete response 

(TRG2) and for us, that is a key point concerning tumor response. In the article 

“Prognostic Value of Mandard and Dworak Tumor Regression Grading in Rectal 

Cancer: Study of a Single Tertiary Center” (results – section 2) Mandard system 

proved easier to apply and with better accuracy than Dworak system to define sets 

with different prognosis. 
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With these two first studies we established the Mandard system as the main tool to 

measure neoadjuvant chemoradiation tumor response in LARC and the systematic 

use of this TRG scale to split patients with LARC in two groups : good and poor 

responders. Good responders – the patient group where the therapeutic is effective 

and prognosis is better; poor responders – the patient group where the therapeutic 

should be modified in order to improve survival.  

So the definition good and poor responders and the selection of Mandard system 

become the cornerstone of tools in our project, affecting the analysis of all results 

here presented.  

According to these assumptions, we appraise neoadjuvant CRT tumor response 

prognosis value with other traditional parameters. We choose for the first level of 

prognosis assess: patients’ characteristics, clinical stage, surgery procedure, tumor 

circumferential margins, tumor distal tumor margins, yp stage and tumor response 

measure with tumor regression grade scale (results: section 1,2).  That first analysis 

allows us to confirm and understand the main importance of tumor response in terms 

of outcome.  

In article 3 – “Locally Advanced Rectal Cancer Treated with Neoadjuvant 

Chemoradiotherapy and Curative Surgery: Prognostic  Factors for Survival” (the 

same drawing data of article 1 and 2 but with more patients 167) the clinical 

parameters don`t have prognostic value, only pathological parameters. We 

confirmed the potential impact of neoadjuvant CRT in tumor prognosis.   

In LARC, traditional pretreatment clinical prognostic factors identified in other 

studies, such as age, gender, clinical stage, tumor mobility, circumference of the 

rectal wall involved in the tumor and tumor distance from anal verge, are poorly 

associated with survival, except preoperative CEA levels and surgery procedure 

[55, 273-276]. Prognosis essentially depends on pathological stage. In fact, 

prognosis factors are usually related with downstaging and tumor response. 

Tumor downstaging,  pathological TNM  stage,  CMR of  surgical  specimen  and 

TGR value reflected on neoadjuvant CRT tumor response are considered in 

several  studies  as the main prognostic factors of survival [7, 8, 113, 277-281]. In 
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other studies, pathologic T category and nodal status after neoadjuvant CRT still 

remain the most important independent prognostic factors for DFS [111, 282-

284]. 

In our series, we analyzed those variables. Tumor size, CEA serum 

pretreatment, distal tumor location and surgical procedure did not have prognosis 

impact in our project. Such finding probably happens because the number of patients 

with CEA serum pretreatment higher than 5g/dl is low without statistical impact; and 

the traditional poor prognosis of distal tumor location, tumor size and surgical 

procedure is neutralized by CRT tumor response. Actually, in our data 

abdominoperineal resection was not related with worse prognosis than anterior 

abdominal resection. On the other hand, CRT response reflects mainly on 

pathological parameters with recurrence and survival implications. In fact, when 

response was good, an estimated 78.5% reduction of positive lymph nodes was 

achieved when clinical values were compared (uN + = 28) against pathological 

ones (ypN + = 6). It is possible that the impact of a good response in obtaining 

the reduction of the number of positive lymph nodes and the pathological T stage 

and also in acquisition of radial margins greater than 1 mm in the resected 

specimens have contributed in some effective way to lowering locoregional and 

distant recurrence , increasing the survival of this subgroup.  

So, in our third paper, we show that magnitude of tumor response has greater 

impact in survival than the traditional clinical variables or even other pathological 

features, including ypT and ypN stage. In multivariate analysis, the type of surgical 

procedure, CRM and ypT have no survival impact.  Apart from tumor response, only 

yp nodal stage had impact on disease free survival.  

Therefore, at this level of analysis, we verified the great influence of neoadjuvant 

chemoradiation in LARC, modifying the prognosis value of traditional clinical 

parameters and assumed tumor response and yp nodal stage as the main prognostic 

factors. These results are concordant with other researchers. 

Then, assuming that tumor response is the main prognostic factor in LARC, we focus 

our attention in the assess of potential predictive tumor response factors. We analyze 
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the predictive response value of pre- and postchemoradiotherapy variables in LARC 

(results – section 4: “Predictive Response Value of Pre- and Postchemoradiotherapy 

Variables in Rectal Cancer: An analysis of Histological Data”).  

In our research, biopsy obtained data characteristics, namely differentiation grade, 

mitotic index, necrosis, inflammatory and desmoplastic reaction amount had no utility 

to recognize or predict tumor behavior. Tumor hypoxia and proliferative cell activity 

reduce the effectiveness of both radiation therapy and chemotherapy and are a well-

known risk factor for tumor radio resistance. So, it was expected that necrosis, grade, 

and mitotic number in 10 high-power fields could give any indication of CRT tumor 

response. However, in our study it did not occur with a statistically significant 

correlation. This may be due to several reasons: the amount of tumor in biopsy is a 

very small percentage of the total volume of the whole tumor and, as tumors are 

heterogeneous, biopsy may not be representative of tumor biology. On the other 

hand, it suggests that other biologic indicators of response must be investigated, 

because the ones included in this study are not important for this purpose. Finally, it 

must be remembered that tumor is not the unique actor in the process; local and 

systemic response of the host, immunologic and inflammatory factors also need to be 

considered.  

In this study, as results, we found in univariate analysis, distance from anal verge 

and ten other postoperative variables related with neoadjuvant CRT tumor response 

having predictive value for Mandard response. But, in multivariable analysis only 

postoperative parameters (mitotic count, necrosis, and differentiation grade in 

surgical specimen) had predictive value.  

So, at this phase of investigation, we found a lack of clinical and pathological 

preoperative variables able to predict Mandard response; apparently only 

postoperative pathological parameters related with neoadjuvant CRT response have 

predictive value. Indeed, we can’t yet at this stage of the project  predict before CRT 

which patients will have poor response to neoadjuvant treatment.  

This lack of answers for the fourth question led us to investigate other aspects of host 

environment, host and tumor biology that may affect CRT response and prognosis. 
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So, we extended the research to three classes of parameters: inflammatory systemic 

markers, biomarkers IHC expression and polymorphisms. 

The reason for that choice and no other was based on the following aspects: 

Systemic  inflammatory  response  is  one  of  parameters class  chosen, owing  to be  

measured routinely, due to its low cost and eventual role as prognostic factor. 

Indeed, some pretreatment data are related to neutrophil-lymphocyte and platelet-

lymphocyte ratio with survival in patients with colorectal cancer [70, 257]. Studies of 

survival and neoadjuvant chemoradiation response  have  been  yet scarce 

concerning to locally advanced rectal cancer [237, 238], but an elevated lymphocyte 

count is usually associated with enhanced downstaging following  neoadjuvant CRT 

for locally advanced rectal cancer. 

Another group of parameters selected were the expression of several biomarkers in 

pretreatment biopsies and in resected specimen. They have been associated with 

tumor response to neoadjuvant CRT and prognosis. Epidermal growth factor receptor 

(EGFR), vascular endothelial growth factor (VEGF), COX-2, thymidylate synthase, 

the p53 tumor suppressor and key mediators of cell-cycle arrest (p21, p27) and 

apoptosis (Bcl-2) are among the immunohistochemical protein markers currently of 

interest as potential predictors of pathologic response, prognosis and recurrence-free 

survival in rectal cancer following neoadjuvant therapy [125, 142, 151, 258-262].  

We selected four – cyclin D1, that plays a vital role in cancer cell cycle progression 

[6] and when overexpressed, might be associated with poor clinical outcome [158]; 

EGFR, a transmembrane tyrosine kinase receptor, that can activate a cascade of 

multiple signaling pathways that facilitate  tumor growth process and when 

overexpression might be related with more aggressive disease [285]; VEGF, 

associated with mediation to tumor angiogenesis and when over expression might be 

related with tumor growth and aggressiveness [147]; and p21,  one of the cell-cycle 

inhibitors. p21 expression in tumor cells serves the cell proliferation ability and 

protects  against  DNA  damage by cell-cycle inhibition. When overexpressed, it may 

be associated with chemotherapy resistance [133].  p21 is known as one of the cell-

cycle  inhibitors  which   plays  a  role  through  the  p53  dependent  or  independent  
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pathway. EGFR is a 170-kDa transmembrane tyrosine kinase receptor that belongs 

to a family of receptors known as the ErbB family. EGFR is known to activate a 

cascade of multiple signaling pathways that facilitate tumor growth process. EGFR 

expression was reported to be correlated with more aggressive disease, increased 

risk of metastases, advanced tumor stage. VEGF, is a mediator of tumor 

angiogenesis.  New  blood  vessels  induces   increased  permeability,  causing   less 

efficient delivery of chemotherapeutic agents and a decreased response to 

radiotherapy [150]. VEGF high expression is associated with tumor aggressiveness, 

poor survival, local failure and the presence of metastatic disease [147]. For this 

reason, VEGF assessed immunohistochemically from pretreatment tumor biopsies, 

may be a useful marker in the prediction of tumor response to preoperative CRT. 

Single nucleotide polymorphisms (SNPs) were the third class of parameters study. 

They are the simplest type of polymorphism and result from a single base mutation, 

which substitutes one nucleotide by another. In fact, since SNPs are inherited from 

one generation to the next, they have high frequency in the genome and provide 

slight variation in gene expression and may be used on the knowledge of tumor 

biology [193]. Their interest is based in their predictive tumor response and prognosis 

potential.  

The SPNs selection was based on preliminary results of the study entitled “The 

influence of the genetic variability in COX-2/HPGD/SLCO2A1/ABCC4 prostaglandin 

E2 (PGE2) pathway genes on colorectal carcinogenesis” [225] and also in the 

concept of attendance of environment inflammation and oxidative stress as a key role 

in development and progression of colorectal cancer [286, 287]. Polymorphisms of 

genes related mainly with inflammation were selected, since chronic intestinal 

inflammation is a well-known risk factor for colorectal cancer [27]. Cancer arises in 

chronically inflamed tissue. IL-10 and COX-2 are important mediators of intestinal 

inflammation. IL-10 is a key anti-inflammatory cytokine orchestrating the innate and 

adaptive immune response. Elevated cyclooxygenase-2 (COX-2) expression was 

found in most colorectal cancer tissue and is associated with worse survival. COX-2 

plays   a   role   in   tumor   progression, stimulation   of  angiogenesis,  promotion  of 

metastasis,  and  decrease  of  the  antitumor  immune  response. For this reason we  
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selected  SNPs of COX-2/HPGD/SLCO2A1/ABCC4 Prostaglandin E2 pathway genes
and IL10 gene, among others. 

This broaden of variables in the research, was applied in assess of predictive factors 

to tumor response (results – section 5: “Predictive Clinical Model of Tumor Response 

after  Chemoradiation  in  Rectal Cancer”) and  also  in analysis  of  prognosis factors  

(results – section  6: “Prognostic  and   therapeutic  potential  implications  of  genetic  

variability in prostaglandin E2 pathway genes in rectal cancer”).  

This way, and concerning prediction of tumor response we identify some 

pretreatment factors able to contribute on tumor response predictive model structure. 

Otherwise, should be considered the following results: 

- we found  pretreatment NLR value with the cut-off of 3, based in ROC analysis, 

having a predictive value to Mandard response. This result is consistent with other 

publications. 

- we detected that high cyclin D1 and high p21 expression level in the pre-CRT 

biopsies were associated with poor pathologic regression (Mandard poor response), 

while EGRF and of VEGF are related with worse tumor response, but without 

predictive statistic value of tumor response. The expression of these biomarkers may 

be associated with chemoradiotherapy resistance and our results seem to indicate in 

that direction. Some studies show agreeing results with ours [133, 141, 142], and 

others don’t. In our study we found high expression on pretreatment biopsies VEGF 

and EGRF. The lack of statistical significance of these two variables may be related 

with intense staining for VEGF and EGFR pretreatment biopsies for most of the 

slides. 

- In our data, out of the 61 SNPs assessed, only the rs1800871 (C-592A) have a 

predictive value of Mandard response. The rs1800871 is a polymorphism of IL10 

gene and has been associated with colorectal cancer risk. [128, 271, 272].  No 

previous study described a relationship between this polymorphism and tumor 

response to chemoradiotherapy. 

So, with these four pretreatment variables (NLR, Cyclin D1, p-21 and rs1800871) it 

was  possible  to  build  a  predictive  clinical  model   of  tumor  response.  It  allowed  
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subseting the patients according to probability of response and making possible to 

change the therapeutic plan for the putative “poor responders”.  For example, if the 

patients have the best score on four variables, the probability in the model to have a 

“poor response”  (Mandard TRG3-5) will  be  only 12.6%. In  this  group  of  patients, 

nCRT is a good choice, with the possibility of a good survival. On the other hand, in 

patients with the worst score, the probability to have a “poor response”  (Mandard 

TRG 3-5) will be 98.5% (results – section 5).  

Therefore, defining the method for tumor response prediction, we reassess prognosis 

factors including in the analysis the 3 classes of parameters already stated (results – 

section 6). These allow the confirmation of tumor response as the main prognosis 

factor and emerge one SNP of ABBC4 gene as a second independent prognosis 

factor not related with tumor response. 

In fact, and analyzing the results, we found: 

- pretreatment neutrophil-lymphocyte and platelet-lymphocyte ratio without disease 

free survival impact. 

- only week expression in VEGF of pretreatment biopsies and in p21 of resected 

specimens have, as expected, better prognosis than strong expression but without 

statistical significance in multivariate analysis. The results found in resected 

specimens between week p21 expression and better survival, may be related with 

the effect of adjuvant chemotherapy realized in all patients. This result is concordant 

with the results found by Bertolini [133]. Nevertheless, the role of p21 expression as 

prognostic factor on survival in rectal cancer remains controversial in several studies 

[144-146].  

- four tag single nucleotide polymorphisms were identified as susceptible  biomarkers 

for disease free survival rs17268122 and rs8002180 in ABCC4, rs2227983 in EGFR 

and rs1800871 in IL10 genes, in a univariate analysis. One of them, the rs17268122 

SNP in ABBC4 gene keeps the prognosis significance in multivariate analysis.  

The results of this study (results – section 6) allow us to state: 
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Patients with poor response and GG rs17268122 had almost three times a hazard of 

death; patients with poor response and GT rs17268122 had almost five times a 

hazard of death; and patients with poor response and TT rs17268122 had almost 

fourteen   times   an  hazard  of  death  than  patients  with  good response  and  GG 

rs17268122.  

The conjunction of the last two works (results – section 5 and 6) enabled us to 

answer  the 4 and 5 questions. Patients with  Mandard poor response (TRG3-5) don’t 

really benefit with neoadjuvant CRT. It seems possible to predict which patients will 

be poor responders if we applied in clinical practice the assess of some pretreatment 

parameters in the predictive model - NLR, Cyclin D1, p-21 and rs1800871 in the IL10 

gene. 

If we measure also the rs 17268122 in the ABBC4 gene we have also an 

independent parameter of disease free survival that can be used to provide an 

individualized tailored therapeutic (the answer to the sixth question). 

We are aware of some limitations of this project and the difficulty of data comparison. 

In general, the different results in literature can be related to several differences: 

number of patients of the studies, follow-up interval, inclusion criteria of patients, 

regimens of neoadjuvant CRT, interval of time between CRT and surgery, R1 

definition, TRG system used and different adjuvant therapy protocols. On the 

other hand, the last three class of parameters (NLR, IHC and polymorphism) have 

specific aspects that can cause limitations in comparative studies. For instance, there 

isn’t a cut-off predefined and standard for pretreatment NLR. Several studies don’t 

refer calculation mode and the values present are unlike. So, a comparative analysis 

becomes impossible to reduce discrepancies. We use pretreatment NLR value with 

the cut-off of 3, based in ROC analysis.  

In the IHC studies, the trouble is even greater. Immunohistochemistry is highly 

dependent on the antibody clone that is used, sample representativeness, staining 

protocols, selection  of  scoring  methods, and  cut-off  values chosen. The 

differences found between others studies and ours may be due to the selected 

technique.  That   may   explain   the   published   conflicting   results  [143, 270].  For  
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IHC analysis in pretreatment biopsies and in resected specimens we simplified 

samples, reading it in weak and strong expression, trying to reduce inter-observer 

variability. With SNPs assess, part of this problem is overcome. The results of 

genetic analysis remain immutable not depending if DNA extraction was performed in 

tissue or blood before or after neoadjuvant chemoradiation.  The biggest drawback 

concerns  SNPs selection,  procedure  cost  and  difficulty  of  application  in  clinical 

practice. 

Thus, it is evident that results of our study must be confirmed in regard of accuracy 

and reproducibility by other large and prospective studies with standard method of 

staining and reporting adopted.  

But, despite this, hypothetically for an individualized therapeutic in LARC, face of 

these findings and current knowledge, we can propose a paradigm shift: 

For patients with a predictable poor response and rs17268122 TT carriers in the 

ABBC4 gene, a neoadjuvant chemotherapy schedule alone may be the best option, 

once a poor disease free survival prognosis is expected in these patients set. The 

standard  approach  delays  the time to initiate the full dose systemic therapy on 4 

months, at a minimum. Beginning chemotherapy sooner provides the theoretical 

advantage of treating micro-metastatic disease earlier, hoping to reduce the 

incidence of distant recurrence. The experience with neoadjuvant chemotherapy as 

the sole modality is very limited when compared to other approaches. However, initial 

results are encouraging [288]. The utilization of CapeOX and bevacizumab may be 

the solution [289]. 

For patients with a predictable poor response and rs17268122GT or  rs17268122GG 

carriers in the ABBC4 gene, a short-course of neoadjuvant radiation instead of a 

neoadjuvant CRT may be a better option, with less side effects, less costs and the 

possibility to begin adjuvant chemotherapy sooner. 

For patients with a predictable good response, a neoadjuvant CRT and tumor 

restaging to 8 weeks after the end of radiation. If they have a complete response and 

are rs17267122GG  carriers  in  the  ABBC4  gene,  a  “watch and wait“   policy 

may  be defensible  considering  the excellent disease free survival expected in these 
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patients group; if not, curative surgery with or without adjuvant chemotherapy, 

accomplishes the advocated standard regimen for these situations.  

This therapeutic strategy proposal has strengths and weaknesses but tries to be, a 

reflection about the results found in this project. We believe this will be in the future, 

the main guideline in LARC treatment.  The selection of different therapeutics 

protocols must be based in tumor radiosensitivity, tumor biology and also considering 

patient characteristics and surgery planned.  

2. Trying to Answer the Preliminary Questions Formulated in this
Project

After the preliminary explanations of the reasons that lead to the design of this 

research and attending our results, we are now able to answer the questions initially 

raised:     

1 – Which are the main factors of prognosis? Is tumor response the main prognosis 

factor in LARC treated with neoadjuvant CRT followed by surgery?   

When neoadjuvant chemoradiation are used in LARC therapapeutic management, 

the traditional prognosis factors partially lose their impact, and tumor response to 

neoadjuvant chemoradiation assumes a preponderant role. If tumor response is 

present, leads to tumor downsizing and downstaging.   Those aspects can change 

surgical procedure and histological results, such ypTN and tumor circumferential 

margin. This way, the prognostic value of tumor location, surgical procedure, yp TN 

stage and tumor circumferential margin depend directly on tumor chemoradiation 

response. Tumor chemoradiation response condition local recurrence and survival, 

being the main prognostic factor in LARC treated with nCRT, followed by curative 

surgery.  The results found in all articles of this thesis agree with this assertion. 

Another parameter capable to influence survival in an independent way from tumor 

response,   is   rs17268122    in    ABCC4   gene.   In   the   paper    “Prognostic   and 
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Therapeutic Potential Implications of Genetic Variability in Prostaglandin E2 Pathway 

Genes in Rectal Cancer”, poor responders with ABCC4 rs17268122GG, -GT or -TT 

genotype had almost 3-, 5- and 14-fold increased hazard of death, respectively, 

compared with patients with a good response and GG genotype. 

So, according to our results, the main prognosis factors in LARC treated with 
neoadjuvant CRT followed by surgery are Mandard tumor response and 
rs17268122 of ABCC4 gene SNP. 

2 – Which tumor regression grade scale to choose, in order to assess tumor CRT 

response? How to define good and poor responders? 

The choice of tumor regression grade (TGR) scale in order to assess tumor CRT 

response must be a priority.  The results obtained depend on TRG scale accuracy, 

reproducibility and ability of created groups with different prognosis. In our 

manuscript “Prognostic Value Of Mandard And Dworak Tumor Regression Grading 

In Rectal Cancer: Study of a Single Tertiary Center”, we showed the advantage of 

Mandard TRG scale when compared with Dworak TRG scale. On the other hand, we 

proved that applying Mandard tumor regression grade we achieved good accuracy 

when patients were divided as: “good responders” (Mandard TRG1-2) and “poor 

responders” (Mandard TRG3- 5) (In “Tumor Regression Grades – Can They 

Influence Rectal Cancer Therapy Decision Tree?” and confirmed in the others 

articles). According to our results, good responders have better prognosis than 
poor responders. We could state, based in our research, that poor responders 
have a probability of death five times more than good responders  (Cox model 
survival HR= 5,16  C.I. 95% 2,638-10,114). 

Thus, applying Mandard TRG scale and dividing patients in “good responders” 
(Mandard TRG1-2) and “poor responders” (Mandard TRG3- 5), we found an 
easy, reproducible way related with survival, to assess tumor response.  

3 - Can we predict which patients will be poor responders?  

To predict which patients will be poor  responders before neoadjuvant CRT proved to 

be    a   difficult   task.  The   results   obtained   in  the   IV  article  -   “The  predictive  
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Response Value of Pre- and Postchemoradiotherapy Variables in Rectal Cancer, 

was based on an analysis of Histological Data”, showed that none of the clinical 

or the biopsy characteristics assessed had a predictive value of Mandard 

response, except the distance from anal verge. Only postoperative pathological 

parameters related with tumor response to chemoradiotherapy had predictive 

value of tumor response. This forced us to extend the scope of research to 

factors that are not usually researched. A clinical model contained the following 

pretreatment variables:  Neutrophil-lymphocyte  ratio  (in  blood  sample),  cyclin  

D1 and  p21  (pretreatment biopsies HIC tissue expression) and rs1800871 in 

IL10 gene (genomic DNA extracted from peripheral blood leukocytes or tumor 

tissue), allowing us to reach the answer.  

In the manuscript entitled “Predictive Clinical Model of Tumor Response after 

Chemoradiation in Rectal Cancer”, we applied this clinical model and concluded : “It 
seems possible to utilize pretreatment expression of blood and tissue 
biomarkers and build a clinical model of tumor response prediction to 
neoadjuvant chemoradiation in rectal cancer”.   

Therefore, it seems possible to predict poor responders if we use expression of 
blood and tissue biomarkers prior to treatment, namely NLR (in blood sample), 
cyclin D1 and p21( HIC expression in pretreatment biopsies tissue) and 
rs1800871 in IL10 gene (genomic DNA  extracted from peripheral blood 
leukocytes or tumor tissue) to build a clinical model and apply in patients’ 
evaluation. 

4 - Have the poor responders a real benefit with this therapeutic approach? 

Neoadjuvant chemoradiotherapy (nCRT) combined with surgery remains the 

standard treatment strategy for patients with LARC, but not all patients benefit with 

this kind of multimodal treatment. The responses to nCRT, range from none to 

complete, and only patients with complete or near complete response (good 

responders) have improved local recurrence control and disease free survival.  
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Nowadays, a complete pathological response may change or avoid a surgical 
procedure with the adoption of a “watch and wait ” policy. On the other hand, 
CRT in poor responders is not beneficial and valid therapeutic alternatives are 
necessary.  

5 – Can we provide an individualized tailored therapeutic for predictable poor 

responders in order to achieve a better survival? 

In our  study, we  found  two  main  prognosis  factors  in  LARC  treated  with  nCRT  

followed by surgery: Mandard tumor response and rs17268122 of ABCC4 gene SNP. 

According to our results, poor responders with ABCC4 rs17268122GG, -GT or -TT 
genotype had almost 3-, 5- and 14-fold increased hazard of death, respectively, 
compared with patients with a good response and GG genotype. 

On the other hand, we could build a clinical model to predict poor responders. 

For example, according our results, If the patient has the worst scores : g(x) = -

1.487+1.106 NLR ≥3 + 1.436 Cyclin D1 + 1.755 p21 + 1.425 rs1800871 AA = 4.235 , 

the probability of Mandard poor response will be 0.985. 

Thereby, patients predictively poor responders have a probability of death five 
times more than good responders  (Cox model survival HR= 5,16  C.I. 95% 
2,638-10,114). 

So, patients with ABCC4 rs17268122GG, -GT or -TT genotype or/and with an 
unfavorable score on clinical mode predicting poor responders, need an 
alternative therapeutic plan. 

In conceptual terms,  the standard therapeutic plan for predictable poor 
responders LARC (nCRT followed by curative surgery and adjuvant 
chemotherapy) could be:  

• A different nCRT/nCT scheme including other drugs then 5FU, or a short-
course radiotherapy instead  of chemoradiotherapy , since survival, local
recurrence rate, incidence of distant metastases and late toxicity are
similar in both schemes and short-course  allowing a short interval to
surgery with early start of adjuvant chemotherapy.
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and/or 

• A different adjuvant CT scheme  including other drugs in addition to 5FU
and oxaliplatin, such  irinotecan, bevacizumab or cetuximab.

A more specific answer to this question is not possible with our research, since this 

subject exceeds its scope. There are several important biomarkers which may play a 

major role in the selection of the chemotherapy regimen  that can be  adopted in 

poor  responders  patients  and  that  were not analyzed in our data. For example, 

the assess in tumor tissue of thymilydate synthase, KRAS and BRAF mutation status 

gene, microsatellite instability and mismatch repair deficiency are aspects not studied 

in our research which can constrain tumor chemotherapy response, mainly when 

we consider EGFR inhibitors or antiangiogenics therapy.  On the other hand, there 

aren’t yet studies confirming the survival advantage with the use of second or third-

line chemotherapy schemes in poor responders patients with locally advanced rectal 

cancer.  

So, the  best chemotherapy scheme for poor responders remains unknown and 
the search for the ideal solution should continue. 

3. Future perspectives

In the past two decades, we have witnessed great improvements in the outcomes of 

patients with locally advanced rectal. The rate of local recurrence has decreased, the 

probability of survival has increased, and quality of life has improved owing to 

multimodal approach. Advances in surgical techniques, new imaging modalities, new 

chemotherapy regimens and, mainly, the widespread use of neoadjuvant therapy 

have all contributed to these improvements.  

Today, the main effort focuses in achieving a good survival with a reduced toxicity, 

using suitable therapeutic plans based in selective therapeutic modalities.  In fact, the 

modern trend of treatment’s individualization in rectal cancer determines a growing 
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need for the development of clinical decision-support systems based on prediction 

models  of  treatment  outcome. In  this process models of tumor response prediction  

maintains a key role and the inclusion of monograms in clinical practice represents a 

priority. For this purpose several lines of investigation have emerging. One of the 

most promising opportunities comes from the attempt of characterization of the tumor 

heterogeneity. An increasing number of new parameters come from different sources 

including imaging, genomic, pathological features and many other are comprised in 

the different studies. 

Our project follows on this subject. The works integrating this thesis analyzed the 

prognosis factors in locally advanced rectal cancer, developed a monogram of tumor 

response prediction and provided important clues for a LARC tailored treatment.  The 

results presented here need further exploration in several aspects as mentioned 

before. Besides the need of results confirmation in a large and prospective data, is 

our intention to broaden the number of parameters analyzed keeping the study 

drawing, namely  magnetic  resonance  imaging  before  and after neoadjuvant CRT 

and other  molecular biomarkers analyzed, using immunohistochemistry (COX-2, 

thymidylate synthase, BAX, MUC2 and KI67) and gene expression profiling (SNP of 

COX2, tymidylate synthase, EGFR, VEGF, cyclin D1 and p21 genes). Another 

important research field related with chemotherapy drugs options in “poor 

responders” is the systematic analysis in tumor tissue of KRAS and BRAF mutation 

status gene, microsatellite instability and mismatch repair deficiency. These are 

biomarkers which we would also like to include in our research. They can provide 

essential information for poor responders chemotherapy plan, if we consider the 

addition of an EGFR or VEGF inhibititator drugs to traditional chemotherapy scheme.  

This way, we pretend to reinforce our results, despite all controversies that may 

emerge, trying to provide a guide for our patients’ best treatment within the current 

knowledge. 
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Chapter 6 

Summary 

Rectal cancer is a frequent and complex entity in which oncological and 

functional outcome depend on a proper therapeutic plan. In fact, tumor biology, 

host characteristics, surgical technique ability, chemo and radiotherapy schemes 

are factors that affect the prognosis. This is even more relevant when concerning 

low and locally advanced rectal cancer treated with neoadjuvant therapeutic. 

Neoadjuvant chemoradiation (CRT) followed by total mesorectal excision (TME) 

surgery, and systemic chemotherapy still remains the standard of care for locally 

advanced rectal cancer, but not all cases benefit from this treatment modality. 

This multimodal treatment improves pelvic disease control but better survival is 

achieved only if pathological response is present. Regardless this therapeutic 

strategy, about one-third of patients still developed distant metastases and eventually 

died of the disease. 

TRG scales provides a system to assess tumor chemoradiotherapy  response. 

This response can range from absent - no fibrosis with extensive residual cancer 

(zero evidence of treatment efficacy) - to a complete response (ypCR) with no 

viable tumor cells identified. 

The pathological response to neoadjuvant CRT has been reported in several 

studies to be closely related to oncologic outcomes and our study confirms that. 

In our research, Mandard tumor regression grade (TRG) proved to be a good 

system to measure neoadjuvant CRT response. According to our results, 

Mandard TRG seems more effective than Dworak TGR to identify the group of 

patients with better prognosis. In fact, Mandard scale was better correlated with 

the presence of therapeutic response and prognosis. The Mandard system 

proved to be a good determinant of outcome, when cases were grouped into 
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TRG1-2 (good responders) and TRG3-5 (poor responders). This methodology 

proved  to  be  superior  than  division  in  groups  ypCR (TRG1) versus all others  

(TRG2-5) regarding DFS and OS. The presence of a good response in terms of 

Mandard tumor regression grade was associated with a lower incidence of loco 

regional recurrence and improved survival. Mandard system provides an 

important tool for survival analysis.  

For that reason, we investigated all potential predictive factors for tumor 

response, using good responders (Mandard 1-2) and poor responders (Mandard 

3-5). Concerning to traditional clinical or biopsy characteristics assessed, only 

the distance from anal verge had a predictive value of Mandard response. When 

we analyzed the usual pathological parameters, only the related with tumor 

response to chemoradiotherapy have predictive value for Mandard response. So, 

in this research step we can identify poor responders after CRT. This way, it 

seems possible to identify after surgery, the group of patients that will benefit with 

a more aggressive adjuvant treatment. Therefore, until this phase, we can’t 

predict tumor response before CRT. So, we broaden the study scope, assessing 

other pretreatment parameters, like lymphocytes-neutrophils ratio, p21, and 

cyclin D1 biopsies stain and a polymorphism set, including the polymorphism of 

IL10 gene, as potential tumor response predictive factors. The results of this 

methodology allowed us to draw a predictive model of tumor response to apply 

before starting neoadjuvant therapeutic. 

Therefore, we also assess other independent prognosis factors beyond tumor 

response, in order to define patients with high or low risk before starting 

neoadjuvant chemotherapy. In addition to tumor response, the first and main 

prognosis factor, the analysis of the usual clinical and pathological parameters 

only define yp nodal stage as independent prognosis factor for disease free 

survival. Indeed, none of the clinical or the pretreatment variables showed an 

independent prognosis value. The addition of molecular biomarkers in the study 

(cyclinD1, EGFR, VEGF and p21 expression in pretreatment biopsies and in 

resected specimen; genetic variability of PGE2 pathway) allowed us to identify 

another  prognosis  factor   and   acting   independently  of  tumor  response,  the  
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rs17268122 in the ABBC4 gene. 

Thus, gathering all the information provided by this work, patients rs12268122TT 

carriers and with a predictable poor response (calculated with the predictive model of 

tumor response) define the set of patients without indication for neoadjuvant CRT. 

For this group an alternative therapeutic is required. So, it seems possible to perform 

an individualized tailored therapeutic plan based in tumor predictive response and 

molecular biomarkers study. 
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Sumário 

O cancro do reto é uma entidade frequente e complexa em que o resultado final 

em termos oncológicos e funcionais depende do estabelecimento de um plano 

terapêutico apropriado. Na realidade, a biologia tumoral, as características do 

hospedeiro, a técnica cirúrgica e os esquemas de rádio e quimioterapia 

adotados são fatores que influenciam o prognóstico. Este aspeto é ainda mais 

importante quando nos referimos a cancro do reto localmente avançado, com 

uma localização distal e em que se realiza   uma terapêutica neoadjuvante. 

O esquema de quimiorradioterapia seguida de cirurgia com excisão completa do 

mesorreto e quimioterapia adjuvante continua a ser a terapêutica de eleição no 

cancro do reto localmente avançado. No entanto, nem todos os casos 

beneficiam com esta modalidade de tratamento.  

Embora esta terapêutica multimodal melhore o controlo locorregional da doença, 

um aumento da sobrevivência só é obtido se houver uma resposta patológica à 

terapêutica neoadjuvante. De referir que, em cerca de um terço destes casos, a 

doença progride com o aparecimento de metastização à distância levando 

eventualmente à morte do doente .  

Na verdade, a resposta à quimiorradioterapia é  muito variável, com um espectro 

que pode ir desde uma ausência de resposta  até uma resposta completa, sem 

células tumorais viáveis. Por outro lado, a resposta patológica à 

quimiorradioterapia neoadjuvante está diretamente relacionada com os 

resultados oncológicos obtidos a longo prazo, conforme o reportado por vários 

estudos e confirmado pelo nosso.  

Torna-se pois fundamental, na avaliação da resposta do tumor à 

radioquimioterapia, a  utilização de escalas de regressão capazes de quantificar 

essa resposta.  
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No nosso estudo, a escala de regressão tumoral de Mandard provou ser um 

bom sistema de análise de resposta à terapêutica neoadjuvante. De acordo com 

os  nossos  resultados, a  escala  de  Mandard  foi  a  mais  sensível  e  eficaz na 

identificação de um subgrupo com melhor prognóstico. O sistema Mandard 

revelou-se um bom determinante do prognóstico, quando os doentes eram 

divididos em dois grupos: bons respondedores (TRG1-2) e fracos respondedores 

(TRG3-5). Esta metodologia mostrou-se superior à divisão dos doentes em 

grupo de resposta completa e grupo de outras respostas que não a completa, no 

que se refere à sobrevivência livre de doença e à sobrevivência global. A 

presença de uma boa resposta em termos de Mandard associou-se a uma baixa 

incidência de recidiva locorregional e a um aumento da sobrevivência. Deste 

modo, o sistema Mandard é uma importante ferramenta que pode ser utilizada 

na análise da sobrevivência.  

Foi com base neste pressuposto que investigámos todos os potenciais fatores 

preditores de resposta tumoral, utilizando para o efeito os doentes subdivididos 

em bons (TRG1-2) e fracos (TRG3-5) respondedores. Numa fase inicial do 

estudo, avaliámos os tradicionais parâmetros clínicos do doente e as 

características das biópsias tumorais. Destas, apenas a distância da lesão à 

margem anal se apresentou com valor preditivo de resposta à Mandard. Quando 

a analise se focalizou nos clássicos parâmetros patológicos, apenas os fatores 

relacionados com a resposta tumoral apresentaram um valor preditor de 

resposta a Mandard. Assim, nesta fase do estudo, apenas foi possível identificar 

o grupo de doentes que após a cirurgia  tenham vindo eventualmente a

beneficiar na seleção de uma terapêutica adjuvante mais agressiva. Não foi 

possível identificar antes de iniciar a QRT neoadjuvante quais os doentes 

previsivelmente não respondedores. Ou seja, nesta fase do estudo não foi 

possivel prever qual a resposta tumoral antes do início da QRT.  Por este 

motivo, a investigação foi alargada a outros parâmetros pré-operatórios, tais 

como o racio linfócitos/neutrófilos no sangue, a expressão do p21 e da ciclina D1 

no tecido das biópsias e o estudo de um grupo de polimorfismos incluindo o do 

gene IL10 no sangue como fatores potenciais preditores da resposta tumoral à 
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QRT neoadjuvante. A utilização desta metodologia permitiu-nos a construção de 

um modelo preditor da resposta a Mandard a aplicar antes de iniciar a QRT.    

Em paralelo, investigámos outros fatores de prognóstico que fossem 

independentes da resposta a Mandard, de forma a identificar doentes de alto e 

baixo risco antes de iniciar o esquema de QRT neoadjuvante. Dentro dos 

parâmetros mais tradicionais, a resposta a Mandard foi o principal fator 

independente de prognóstico e apenas o estadio ganglionar patológico se 

apresentou como segundo fator independente de prognóstico no que respeita à 

sobrevivência livre de doença. De facto, nenhum dos parâmetros   pré-

operatórios se apresentou com valor independente de prognóstico. Foi a análise 

de biomarcadores moleculares nas amostras de sangue/tecido dos doentes que 

nos permitiu identificar outras variáveis com valor independente de prognóstico. 

O estudo da expressão no tecido das biópsias da ciclina D1, do p21, do VEGF e 

da EGFR e o estudo da variabilidade genética dos polimorfismos da via das PG 

no sangue ou tecido, permitiu-nos a identificação de um fator estatisticamente 

independente de prognóstico com uma atuação autónoma da resposta tumoral, 

o polimorfismo rs17268122 do gene the ABBC4.

Assim, e reunindo a informação de todos os estudos realizados, o conjunto de 

doentes portadores do polimorfismo rs12268122TT e com uma provável resposta 

fraca à QRT (calculada pelo modelo preditor de resposta tumoral) define o grupo 

sem indicação para serem submetidos a QRT neoajuvante. Para este grupo, de 

doentes é fundamental encontrar uma alternativa terapêutica. Desta forma, parece 

ser possível estabelecer um plano terapêutico individualizado com  base numa 

resposta tumoral previsivel à QRT e num estudo de biomarcadores moleculares. 
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List of Abbreviations 

A 

ACT - adjuvant chemotherapy 

AJCC - American Joint Committee on Cancer  

APE - abdominoperineal excision 

APR - abdominoperineal resection  

B 

BAX - bcl-2-like protein 4 

Bcl-2 - B-cell lymphoma2 

C 

Capeox – combination chemotherapy treatment of CAP (capecitabine) and OX (oxaliplatin) 

CEA - carcinoembryonicantigen   

CCND1 - cyclin D1 

CRM - circumferential resectionmargin 

CRP - c-reactive protein 

CRC - colorectal cancer 

CRT -  chemoradiotherapy 

CT - computed tomography 

cTNM - clinical  Tumor, Nodes, Metastasis  (Classification system of  staging) 

COX-2 - ciclo-oxigenase 2  

D 

DR - distant recurrence  

E 

EDTA - ethilenediaminetetraacetic  

EGFR - epidermal growth factor receptor  

ELAPE - extralevator abdomino-perineal excision 

EORTC - European Organization for Research  and Treament of Cancer 
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ERUS - endorectalultrasound 

ESMO - European Society for Medical Oncology 

F 

18-FDG - 18-fluoro-D-glucose 

FFPE - formalin fixed paraffin embedded blocks 

FU - fluorouracil  

Folfiri - combination chemotherapy treatment of FOL (folinic acid) F (fluorouracil) iri (irinotecan) 

FOLFOX - combination chemotherapy treatment of FOL (folinic acid) F (fluorouracil) OX (oxaliplatin) 

G 

Gy - gray 

H 

HE - hematoxylin and eosin  

HPGD - hydroxyprostaglandin dehydrogenase 15-(NAD)  

I  

IGF1 - insulin-like growth factor 1 

IHC - immunohistochemistry 

IL10 - interleukin-10 

IMA - inferior mesenteric artery 

ISR - intersphincteric resection 

K 

Ki67: antigen Ki-67 or Ki-67 protein 

L 

LAR - low anterior resection 

LARC - locally advanced rectal cancer  

LN - lymph node 

LR - locoregional NLR: neutrophil lymphocyte ratio  

M 

MRI - magnetic resonance imaging  
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MLNR - metastatic lymph node ratio 

microRNA profiling - small RNAs that post-transcriptionally regulate expression of thousands of   
genes detected  in human body fluids 

N 

NAT2 - N-acetyltransferase 2 

NCCN - National Comprehensive Cancer Network 

NO - nitric oxid 

nRCT - neoadjuvant radiochemotherapy  

NRL - neutrophil-to-lymphocyte ratio 

O  

OS - overall survival  

OC - oncotic changes 

P  

p21 - protein 21 

p53 - protein 53 

pCR - pathological complete response 

PCNA - proliferating cell nuclear antigen 

PET - positron emission tomography  

PET-CT - positron emission tomography-computed tomography 

PGE2 - prostaglandin E2 

PLR - platelet lymphocyte ratio 

R 

RT - radiotherapy 

R0 - negative margin in resected specimen  

R1 - cancerous cells on the margin of resected specimen  

R2 - tumor on the margin of resected specimen even gross examination by the naked eyes 

ROS - reactive oxygen species 

ROC analysis - receiver operating characteristic analysis 
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S  

SIR - systemic inflammatory response 

SLCO2A1 - solute carrier organic anion transporter family member 

SNPs - single nucleotide polymorphisms  

SSRE - sphincter saving rectal resection 

SUV - standardized uptake value 

T 

tagSNPs - genomic DNA was extracted from peripheral blood leukocytes or tumor tissue 

TMA - tissue microarray  

TME - total mesorectal excision  

TNM - Tumor, Nodes, Metastasis  (Classification system of  staging) 

TNFα - tumor necrosis factor alpha   

TRG - tumor regression grade  

TS - tymidylate synthase 

U 

UICC - Union Internationale Contre le Cancer (International Union Against Cancer) 

V 

VEGF - vascular endothelial growth factor  

W 

WHO - World Heath Organization 

Y 

ypT - pathological “T” after neoadjuvant radiotherapy 

ypN - pathological “N” after neoadjuvant radiotherpy 

ypCR - complete pathological response 

ypTNM - pathological TNM stage after neoadjuvant radiotherapy 

Z 
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Color Figures 

Figure  1 

Figure 2 and 3 

Figures 1, 2 and 3   – Resected specimen of anterior rectal resection with total 
mesorectal excision after neoadjuvant chemoradiotherapy – details of the complete 
removal mesorectum, including the lateral and circumferential margins of the 
mesorectal envelope. 
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 Figures 4 and 5 - MRI before neoadjuvant chemoradiotherapy. Large tumor with 9 
cm of longitudinal length and 7 cm of transverse diameter that extends to left side 
of mesorectal fascia, multiple enlarged pelvic lymph nodes. Thin arrow: metastatic 
lymph node; thick arrow: mesorectal fascia invasion.  

Figures 6 and 7 – MRI 11 weeks after CRT completion. Good tumor response: 
tumor downsizing and downstaging, nodal downstaging, and increase distance 
between tumor and mesorectal fascia. Thin arrow: areas of fibrosis (very low 
signal intensity); thick arrow: areas of residual tumor (intermediate signal 
intensity).
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Figure 8 - Complete response (ypCR) with no viable tumor cells identified. 
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Figure 9 a) Response near total with a near complete destruction of the tumor. 
The remaining cells shows nuclear signs of vacuolization and necrosis. 

Figure 9 b) Response near  total  with  a near  complete  destruction of  the tumor 
but the cells shows some viability.  
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Figure 10 a) 

Figure 10 b) 

Figure 10 - A positive CRM is defined as microscopic tumor present 1 mm or less 
from the radial margin. The Images show lakes of mucus present near the 
tattooed mesorectum radial margin. 
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Figure 11 a)  EGFR low expression 

Figure 11 b) EGFR high expression 

Figure 11 - EGFR expression was reported to be correlated with more aggressive 
disease, increased risk of metastases, advanced tumor stage and higher rates of 
mesenteric lymphnode involvemen. 
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Figure 12 a) Cox-2 low expression 

Figure 12 b)  EGFR high expression 

Figure 12 - A high level of COX-2 expression after preoperative radiotherapy in 
resection specimens is associated in some studies with apoptosis resistance, 
high distant recurrence rates, and a poor prognosis in rectal cancer. 
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Figure 13 a)  p21 low expression 

Figure 13 b) p21 high expression 

Figure 13 - The initial high p21 expression (before neoadjuvant CRT) was 
associated with non-complete pathologic response and poor disease free 
survival outcome in patients with 5FU-based CRT in some studies. 
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Figure 14 a) VEGF low expression 

Figure 14 b) VEGF high expression 

Figure 14 - A high expression of VEGF was associated with poor prognosis 
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Figure 15 a) Cyclin D1 low expression 

Figure 15 b) Cyclin high expression 

Figure 15 - Immunostaining for cyclin D1 was predominantly nuclear but 
cytoplasmic staining was detected in some cases. However, unless a nuclear 
staining was also detected, cases with cytoplasmic staining were considered 
negative. Cyclin D1 overexpression based on the nuclear staining was related 
with a poor OS in CRC patients. 
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Figure 16 a)  MUC2 low expression 

Figure 16 b) MUC2 high expression 

Figure 16 - MUC2 is characteristically expressed in globet cells of native 
intestinal epithelium. In LARC, a high MUC2 IHC expression in pre-RCT biopsies 
may be a predictor of poor response to neoadjuvant CRT.
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Figure 17 - In rectal cancer treated with neoadjuvant CRT, a high expression 
levels of BAX in pretreatment biopsy samples may predict a good tumor 
response, serving as a predictable molecular marker to chemoradio sensitivity. 

Figura 18 -  COX-2 IHC in rectal tissue: positive in tumor cells and negative in 
normal cells 
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Figure 19 –Tissue array slide: the representative core tissue specimens (2 mm in 
diameter) were taken from individual paraffin blocks and rearranged in new 
tissue array blocks. One of them is the control with liver tissue.  

Figure 20 – Mandard System 
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Figure 21 – Dworak system 

Dworak'good'responders' 
(TRG3'+'TRG4)'
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''TRG'1' ''Dominant'tumor'mass'with'obvious'fibrosis'and/or''vasculopathy'

''TRG'2' ''Dominant'fibroFc'changes'with'few''tumor'cells'or'groups'(easy'to'find)'

''TGR'3' ''Very'few'(difficult'to'find'microscopically)tumor'cells'in'fibroFc'Fssue''''
'''with'or'without'mucus'substance'

''TRG'4' ''No'tumor'cells,'only'fibroFc'mass'(total'regression)''

TRG4 TRG 3 

TRG2 TRG1' TRG0'
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Tables 

Mandard et 
al. 

Rectal Cancer 
Regression 
Grading (RCRG) 
system 

Modiphy 
Rectal Cancer 
Regression 
Grading 
(mRCRG) 
system 

RCPath 
dataset for 
colorectal 
cancer 
(Royal 
College of 
Pathologists
) 

Dworak et al. Rödel et al. 

1. No
viable 
cancer 
cells, 
complete 
response 

1. Sterilisation
or only 
microscopic 
foci of 
adenocarcinom
a remaining, 
with marked 
fibrosis 

1. 
Macroscopic 
features may 
be varied.< 5% 
of residual 
tumor,  mucin 
pools may be 
present but 
without tumor 
cells 

A.No 
residual 
tumor cells 
and/or 
mucus lakes 
only 

4. Complete
regression 

4. Complete
regression 

2. 
Macroscopic 
features may 
be varied. 5-
50% of 
residual tumor 

B. Minimal 
residual 
tumor, that 
is, only 
occasional 
microscopic 
foci are 
identified 
with 
difficulty 

3. Very few
(difficult to find  
microscopically
) 
tumor cells in 
fibrotic tissue 
with  or without  
mucus 
substance 

3. 
Regression 
of  ≥50% 
tumor mass 

2. Single
cells or 
small 
groups  of 
cancer 
cells 

3. Residual
cancer 
outgrown 
by fibrosis 

2. Marked
fibrosis but 
macroscopic 
disease present c. No

marked 
regression 

2. Dominant
fibrotic changes 
tumor mass 
with few tumor 
cells or groups 
(easy to find) 

2. 
Regression 
of 25–50% 
tumor mass 

3. 
Macroscopic 
and 
microscopic 
features may 
not be 
significantly 
change with 
CRT; residual 
tumor>50%; 
some fibrosis 
but more 
desmoplastic 
stroma 
reaction 

4. 
Significant 
fibrosis 
outgrown 
by cancer 

3.Little or no
fibrosis, with 
abundant 
macroscopic 
disease 

1. 1. Dominant 
tumor mass 
with obvious 
fibrosis and/or 
vasculopathy 

1. 
Regression 
of <25% of 
tumor mass 

5. Residual
cancer o   outgrown 
by 

fibrosis 0. No regression 0. No
regression 

Table 1 
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Good 
response  vs 
Poor response 
CHP, 2011 

Mandard et al. 
1994 
Bouzourene et 
al, 2002 

Wheeler et al. 
2002 
(RCRG system) 

Three-point 
TRG 
Ryan et al. 
2005 

AJCC/APC  
Regression 
Grading  System 
2010 

Good 
response  
(Mandard TGR 
1-2) 

1. No viable
cancer cells, 
complete 
response 

1. Sterilisation or
only microscopic 
foci of 
adenocarcinoma 
remaining, with 
marked fibrosis 

1. Complete or
near complete 
response  
(Mandard 1-2) 

0. (complete
response), no 
viable cancer cells 

2. Single cells
or small 
groups  of 
cancer cells 

1. (moderate
response), single 
or small groups of 
cancer cells 

Poor response 
(Mandard TRG 
3-5) 

3. Residual
cancer 
outgrown by 
fibrosis 

2. Marked fibrosis
but macroscopic 
disease present 

2. (Mandard 3) 2. (minimal
response), residual 
cancer outgrown 
by fibrosis 

4. Significant
fibrosis 
outgrown by 
cancer 

3. Macroscopic and
microscopic 
features may not 
be significantly 
change with CRT; 
residual 
tumor>50%; some 
fibrosis but more 
desmoplastic 
stroma reaction   

3. (Mandard 4-5)  3 (poor response),
minimal or no 
tumor kill, 
extensive residual 
cancer. 

5. Residual
cancer 
outgrown by 
fibrosis 

Table 2 

Tables 1 and 2 – Different TRG scales. Light blue – complete or near complete 
response;  White – incomplete or absent  response  
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A – Area 0 ≤25 26 - 50 >50 

Partial score of A 0 1 2 3 

B – Intensity absent moderate Intense 

Partial score of B 0 1 2 

Area x Intensity (A x B) ≤ 3 (0 – 3) ≥ 4 (4 – 6) 

Final score Weak Strong 

Table 3 – IHC score calculation 
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