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Abstract

Introduction

Colorectal cancer (CRC) is one of the most common cancers worldwide. This study was designed 

to evaluate biological patterns, explore molecular classification and correlate with survival 

outcome in treatment naïve CRC patients. 

Methods

Over 11 years consecutive series of 435 CRC patients were operated on as primary surgical 

therapy. A total of 201 CRC patients were included, whose complete set of clinical information 

was available, and their good quality tumour blocks were retrieved. Immunohistochemistry was 

used for tumour analysis, and partitional clustering was performed using R software for cluster 

analysis. 

Results

The median age was 43 (range 10-85) years; adenocarcinoma was the most commonly seen 

histological type. The great majority had positive CK20, CEA, E-Cadherin, Ki67, CDX2, and p53 

expression. There were four distinct molecular classes found, whereas Ki67, CDX2, and p53 play 
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the main role in partitioning. Younger age negatively impacted survival; overall and disease-

specific survival was 26 months only with 50 months’ longest survival. 

Conclusion

Colorectal cancer is a biologically heterogeneous disease with at least four distinct molecular 

patterns, where cell proliferation and gene repair mechanisms appear to play the key role. 

1. Introduction:

Colorectal cancer (CRC) is a heterogeneous disease, the second most common cancer in women 

and the third most common in men worldwide(1). According to Globocan 2020, it is the 4th top 

cancer reported around the world and 7th most common cancer in Pakistan with a rate of 

5.3/100,000 population. Globocan stated to have ~14000 new cases of colorectal cancer in 2020 

globally, and further rise is expected in the upcoming years where an absolute increase of 79% 

was predicted by 2040. However, with a geographical variation highest rise was predicted in Africa 

at 95%, followed by Latin America at 74%, Asia at 71%, Oceania at 57%, North America at 35%, 

Europe at 25% rise in the new cases by 2040. A similar rise in mortality is suspected, reported to 

be 915880 in 2020(1). 

Given the heterogeneous nature of CRC, at least three different pathogenesis pathways have been 

reported to be involved(2). Each pathway involves several markers, and these markers can be used 

as potential therapeutic targets to improve clinical outcome. Major prognostic and predictive 

factors routinely used include the clinical stage of the disease with the uncertain role of other 

potential factors. Molecular classification of colorectal cancer based on gene mutation ( i.e., 
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KRAS, BRAF) has reported at least five genetically distinct molecular classes(3). KRAS mutant 

tumours have been reported not to respond to anti-EGFR therapy; thus, it can be suspected that 

CRC has low EGFR expression, while other classes were suggested to be related to DNA 

instability. Therefore studying gene repair mechanisms would be an essential aspect to be looked 

at, which can be represented by p53 protein in cancer cells(3).

Similarly Carcinoembryonic antigen (CEA) has shown positive expression in a great majority of 

CRC patients, and there has been associated metastatic potential(4). Based on the heterogeneity of 

the disease, different patterns of molecular classes were reported; thus CRC subtyping consortium 

finally developed a consensus molecular classification with four consensus classes. However, their 

translational aspect is still far from being used in clinical practice(4). 

The lesson learned from the molecular signature of breast cancer based on genetic signature and 

validated by immunohistochemistry showed a potential to bring predictive and prognostic factors 

in clinical practice with promising results in improving clinical outcome. Also, the combination of 

the biomarkers in the molecular class suggests more about pathogenesis and potentially predicting 

response to therapy than a single marker alone. Therefore, this study was conducted, including 

treatment naïve CRC patients who underwent primary surgery, and their tumours were analyzed 

using Immunohistochemistry (IHC). Given their role in colorectal cancer development, 

progression, or prognosis, the biological markers were chosen. A list of potential biomarkers was 

identified and finally included Oestrogen receptor(5,6), Progesterone receptor (5,6), Human 

Epidermal Growth Factor Receptor- 2 (HER2) (7), Cell proliferation marker (Ki67)(8), B-Cell 

Lymphoma -2 (Bcl2)(9), E-Cadherin(10), p53(11), CEA(11), Epidermal Growth Factor Receptor 

(EGFR)(12), Vascular Endothelial Growth Factor (VEGF)(13), Programmed Death Ligand-1 (PD-

L1)(14), Caudal Type Homeobox-2 (CDX2)(15) and Cytokeratin 20 (CK20)(16) were selected 

given their IHC protocol and their role in prognosis and progression of colorectal cancer. The aims 

were to evaluate:

1. The pattern of biomarkers, i.e.,ER, PR, HER2, Ki67, Bcl2, E-Cadherin, p53, CEA, EGFR, 

VEGF, PD-L1, CDX2 and CK20 in CRC by using IHC.

2. Partitional Clustering of CRC by using K-means and Partitioning Around Medoids (PAM) 
methods

3. Correlating biological characteristics with survival outcome
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2. Patients and Methods
2.1. Patients 

Over 11 years (i.e., 2008 to 2018), a total of 435 consecutive patients with colorectal cancer were 

diagnosed and treated at a single center at Liaquat University of Medical & Health Sciences 

(LUMHS), Jamshoro, Pakistan, and their clinical information available from diagnosis until death/ 

last follow-up at NIMRA cancer hospital, LUMHS, Jamshoro. These patients received primary 

surgical therapy without neo-adjuvant systemic or radiotherapy (n=201). Those who received 

neoadjuvant chemotherapy or radiotherapy or incomplete clinical information and missing tumour 

blocks were excluded (n=234). After their diagnosis, they received treatment as per hospital policy 

following International guidelines. The patients with good quality tumor samples available and a 

complete set of clinical information and follow-up were included in this study. All the patients 

were treatment naïve, including those who underwent emergency surgery due to obstruction 

without any prior diagnosis and those who were operated on after diagnosis and staging but without 

receiving any neo-adjuvant (both systemic or radiotherapy) therapy. 

2.2. Tumour analysis

Formalin-Fixed Paraffin-embedded (FFPE) tumor blocks were retrieved from the cancer tissue 

archive. Hematoxylin and Eosin (H& E) staining was done to identify the most representative 

tumor block. Whole tumour block  were used to analyze biomarkers, including ER, PR, HER 2-

neu, Ki-67, Bcl-2, E-Cadherin, P53, CEA, EGFR, and VEGF. PDL1, CDX-2, and CK 20 by using 

indirect IHC. For IHC one, cut section of 3 to 5 μm thickness was used for each block. The 

preparation process was done by using PT-Link while primary antibodies were ready to use (RTU) 

by DAKO. Incubation time, dilution, and temperature are summarized in Supplementary Table 1. 

Envision Flex High pH (Link) secondary antibody was used. Finally treated with chromogen DAB 

and counterstained with Haematoxylin.

2.3. Scoring:  Immunohistochemistry staining of biomarkers assessed by the percentage of cells 

stained, as well as McCarty’s immunohistochemical scoring (H-score) was done (range 0–

300)(17). The cutoff of the percentage of cells was used to define positivity/negativity. The scoring 

was done by FM, each section was scored three times, and an average of the scores was taken as 

the biomarker's final score. For inter-observer concordance, 25% of slides were randomly scored 
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by BMS. Kappa statistics was performed for all markers for intra and inter- observer concordance. 

The Kappa score was 0.9-1.0, 0.8-1.0, respectively. The scoring was done using a Euromax simple 

microscope at 40x magnification size. 

2.4. Cluster analysis: The biological patterns were characterized by partitional clustering 

methods as described in(18), using R, a data analysis software. The H-score of the biomarkers was 

used for cluster analysis. K-means and PAM clustering algorithms were run over the data, varying 

the number of clusters between 2 and 20. Validity indices (external validation criteria) were used 

to suggest the best number of clusters to consider. When running K-means between 2 to 20 clusters, 

the algorithm stopped after the split in 4 groups, and clusters with 0 elements were returned. This 

suggests that a split in more than four groups may not be ideal.

2.5. Statistical analysis: The X-tile Bio-informatics software was used to define cutoffs(19). 

The Statistical Package for Social Sciences (SPSS, version 21.0, Chicago) was used for data 

collection and analysis. Chi-square test used for comparisons of biomarker expression between 

groups. Survival analysis was performed using Kaplan–Meier methods with the application of log-

rank and generalized Wilcoxon tests as appropriate. A p-value of <0.05 was considered significant. 

Overall survival was calculated as the time from date of diagnosis till death from any cause. In 

contrast, disease-specific survival was calculated as the time from the date of diagnosis till death 

from metastases due to colorectal cancer. 

3. Results: 
A total of 201 patients with histopathologically confirmed colorectal cancer were included in this 

study. The median age of the patients was 43 (range= 10 to 85) years. Out of which 110 (54.7%) 

were males, and 91 (45.3%) were females. All patients underwent primary surgery without any 

prior intervention. 33 (16%) had radiotherapy postoperatively, while 95(47%) had adjuvant 

chemotherapy. Adenocarcinoma was the most commonly seen cancer (61.5%), followed by 

mucinous variety and a small proportion of other subtypes. Most of the cancers were well 

differentiated. A summary is presented in Table 2. Colon was involved in 119 (59.5%) including 

cecum (n=6), ascending colon (n=16), hepatic flexure (n=15), transverse colon (n=8), splenic 
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flexure (n=6), descending colon (n=11), sigmoid colon (n=31), recto-sigmoid junction (n=26). 

Rectum was involved in 81 (40.5%) patients.  

3.1. Biological Characteristics 
CK20, CEA, and E-Cadherin were found positive in ~99% of cases, while Ki67 was positive in 

82%, CDX2 in 85% of patients, and p53 was positive in 43%. However, ER (3%), PR (2.5%), 

HER2(4.5%), EGFR (8.5%), Bcl2 (2.5%), PDL1(14.4%) and VEGF (5.5%) were found positive 

in a small proportion of patients (Table 2). Age between 51 to 75 showed a differing pattern in 

males and females where a higher rate of male patients of CRC was seen (Figure 1a). With 

advancing age, poorly differentiated cancers appear to decline (Figure 1b). Grade showed 

significant association with p53 positivity (Figure 1c).   

3.2. Molecular classification
Four distinct molecular classes were identified (Figure 2). The key differentiating markers were 

Ki67, CDX2 and p53. Cluster 4 was characterized by younger patients (mean age 37 years), while 

relatively older patients fell into cluster 2 (mean age 48 years). Clusters 3 and 4 were 

predominantly observed in the rectum and sigmoid region. Table 3 describes the characteristics of 

molecular classes.

3.3. Survival
The median overall survival was 26 months, and disease-specific survival was 26 months. The 

longest survival was seen at 50 months in one patient. Younger age (<50) was significantly 

associated with poor disease-specific survival, and Ki67 positive status showed borderline 

significance (p=0.06) with inferior disease-specific survival. Histological grade, nodal status, ER, 

PR, HER 2-neu, Bcl-2, E-Cadherin, P53, CEA, EGFR, VEGF, PDL1, CDX-2, and CK 20 did not 

show any association with survival (p-value >0.05). Molecular classes did not show any significant 

association with clinical outcome (Figure 3). 

4. Discussion
The study presented a novel molecular classification of colorectal cancer where Ki67, CDX2, and 

p53 IHC expression plays a crucial role in partitioning. Overall survival was observed to be poor, 

and the same was observed with disease-specific survival. Our study showed that younger patients 
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tend to have more age preponderance in clusters such that the mean age for cluster 4 was 37 years 

while for cluster 2 was 48 years. That was an interesting finding linked with younger age as a poor 

prognostic factor. This was previously reported in a study that included two age groups according 

to the age of onset of CRC. The classification was done based on MSI and BRAF mutation. More 

younger patients tend to have more left colon cancers and there was a comparison made based on 

a mutation in CpG island Methylator Phenotype (CIMP)(20). More younger patients tend to have 

CIMP- high type tumours with a mean age of 36 years, while combined classes showed 

MSI/CIMP- high type with a mean of 29 years(20). However, the clinical correlation was not 

reported in this study. 

Another reported classification included the tumour microenvironment, and 167 gene signature 

identified four distinct molecular classes(21). This model of CRC classification microsatellite 

instability, histological types, high stromal content, β-Catenin, and BRAF significantly influenced 

hierarchical clustering. MSS subtypes, BRAF, and KRAS mutations were associated with the 

worst survival(22). 

A previously published IHC based molecular classification of CRC including four independent 

cohorts (including AMC-AJCC-II, LUMC, CAIRO, and CAIRO2) including CDX2, FRMD6, 

HTR2B, and ZEB1 by using IHC(23) and validated the presence of four distinct molecular classes 

where there were two basic classes were seen as epithelial-like and mesenchymal-like. Another 

model analyzed gene patterns mainly looking at RAS where four molecular classes were reported 

with distinct response to FOLFIRI(24). However, a previously reported study included paraffin-

embedded tissue sections and analyzed genes, and classification of CRC was made on the 

expression pattern of KRAS, BRAF, and CIMP, which reported five molecular classes. There was 

a significant association of change of pattern of CRC molecular classes with advancing age, 

gender, family history of CRC, and the tumour site (25). Similar findings were reported when only 

stage 2 CRC was evaluated using consensus molecular classification(26). The molecular classes 

showed a significant influence of age, gender, site of the tumour, and stage of the disease.  

P53 is a tumour suppressor gene located on chromosome 17 (27). Its mutations have been linked 

with many cancers, including CRC. In our study, p53 appears to be a key governing factor in 

classifying molecular patterns. P53 mutation was previously associated with depressed neoplasms 

(DNs) more than other phenotypes(28). Similarly, p53 was also significantly associated with the 
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worst prognosis(29). A study that used Polymerase Chain Reaction (PCR) for molecular 

classification of CRC showed that p53 mutation was associated with subclass 2 out of five 

subclasses(30). P53 mutation was present in 44% of patients out of 753 tested CRC(31). Thus our 

findings are consistent with already existing literature. Previously reported data on HER2 showed 

membranous expression in 3% (3 out of 100 cases), which is relatively consistent with our data 

where around 4% showed membranous expression(32). 

Programmed Cell Death Protein – 1(PD-L1) has been associated with BRAF mutations and liked 

with poor differentiation(33). High expression of PD-L1 was reported to be 20%, while low 

expression was 35%. It was significantly associated with consensus molecular classification over-

expressed in CMS1 and under-expressed in CMS4. It was also reported to be concomitantly found 

with BRAF mutation(34). Thus protein expression differentiating molecular classification can 

correspond to the BRAF mutant class. In our study, the novel molecular classification pattern was 

not directly dependent on PD-L1, but in novel CRC class 2, it was not positive in any patient.  

Given the experience of breast cancer research, IHC based molecular classification can potentially 

play a significant role in identifying therapeutic targets and providing proper precision medicine 

to improve clinical outcome. As the incidence of CRC is feared to rise in upcoming years, it is of 

utmost importance to control disease survival. 

This study was a single-center study with a consecutive series of CRC patients, including treatment 

naïve tumours; thus, a natural pattern of biomarkers without the interference of chemo and 

radiotherapy has been presented. The method of molecular classification using R software is also 

a well-established method in breast cancer, as reported previously. However, there are limited 

biomarkers, and smaller sample size is appreciated as a limitation of the study. Correlation with 

gene signature is also recommended in the future, given that the immunohistochemical 

classification did not show any significant association with survival outcome. However, it has 

pointed out distinct pathways of colorectal cancer that might have a relationship with the 

development of colorectal cancer and genetic relationships. Therefore, further studies on risk 

factors and genetic exploration of these pathways are recommended. 

5. Conclusion 
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In conclusion, CRC is a heterogeneous disease with at least four distinct molecular types. Gene 

repair mechanism and cell proliferation markers (i.e., p53 and Ki67). Intestine-specific 

transcription factor (CDX2) has also shown an association with the molecular classification of 

CRC. Thus, this is now observed that multiple intracellular mechanisms are working together, 

taking part in tumorigenesis and disease progression. Other associated markers can be traced by 

following these key pathways. 

Ethical consideration: The study was approved by the local research ethics committee of Liaquat 
University of Health & Sciences Jamshoro Sindh Pakistan under Ethical approval Number 
LUMHS/REC/641 dated 26-12-2017 The clinical data were retrospectively collected from the 
Institutional database and tumour blocks were retrieved from the Institutional tissue archive, where 
tissues are preserved for research purpose. The dataset includes cancer patients from 2008 and a 
considerable number is not alive; thus, informed consent from individual patients was waived. 
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Tables

Table 1. Demographic and Biological characteristics of colorectal cancer 
Factor N(%)
Age 
≤25 37(18.4)
26-50 95(47.3)
51-75 63(31.3)
≥75 6(3.0)
Tumour stage
T1 2(1.1)
T2 50(27.5)
T3 89(48.9)
T4 15(8.2)
Lymph node stage
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N0 41(22.5)
N1 49(26.9)
N2 9(4.9)
Metastatic status
M0 169 (92.4)
M1 14 (7.7)
Grade
Well differentiated 59(29.6)
Moderately differentiated 97(48.7)
Poorly differentiated 43(21.6)
Histological types
Adenocarcinoma 123(61.5)
Mucinous adenocarcinoma 50(25.0)
Micro-papillary carcinoma 14(7.0)
Signet ring cell carcinoma 7(1.5)
Other types 6(3.0)
Biological markers
Ki67 Positive 165(82.1)
CDX2 Positive 171(85.1)
ER positive 6(3.0)
PR positive 5(2.5)
HER2 positive 9(4.5)
EGFR positive 17(8.5)
Bcl2 positive 5(2.5)
P53 positive 87(43.3)
CK20 positive 199(99.0)
CEA positive 198(98.5)
E-Cadherin positive 199(99.0)
PDL-1 positive 29(14.4)
VEGF positive 11(5.5)

Table 2. Clinical and biological characteristics of novel molecular classes of Colorectal 
cancer 

Characteristics CRC Novel 
Cluster 1 
(n=67)

CRC Novel 
Cluster 2 
(n=38)

CRC Novel 
Cluster 3 (n=28)

CRC Novel 
Cluster 4 (n=50)

Mean age (range) 42.8 (10-78) 48.6 (10-85) 42.8 (12-65) 37.6 (10-77)
Gender n(%)
Male 39(58.2) 22(57.9) 14(50.0) 27(54.0)



16

Females 28(41.8) 16(42.1) 14(50.0) 23(46.0)
Tumour location n(%)
Right Colon
Transverse
Left colon
Sigmoid
Rectum
Recto-sigmoid

8(11.9)
4(6.0)
10(14.9)
10(14.9)
33(49.3)
8(11.9)

9(24.3)
2(5.4)
4(10.8)
7(18.9)
11(29.7)
4(10.8)

3(10.7)
2(7.1)
2(7.1)
4(14.3)
10(35.7)
7(25.0)

11(22.0)
0
0
6(12.0)
26(52.0)
7(14.0)

Grade n(%)
1
2
3

19(28.4)
31(46.3)
17(25.4)

12(32.4)
20(54.1)
5(13.5)

11(39.3)
13(46.4)
4(14.3)

12(24.5)
25(51.0)
12(24.5)

Lymphocytic infiltration n(%)
Present 52(77.6) 32(84.2) 26(92.9) 36(72.0)
Not present 15(22.4) 6(15.8) 2(7.1) 14(28.0)
Median disease 
specific survival 
(months)

30 25 26 23
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Figures

Figure 1 a. Gender specific pattern of age 
groups of colorectal cancer

Figure 1b. Age standardized pattern of 
histological grade in colorectal cancer

Figure 1c. Association of histological grade 
and p53 in colorectal cancer
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CRC Novel Class-1 low KI67 , high CDX2 &low P53 30 22.256 

CRC Novel Class-2 High ki67,low CDX2 &low P53 25 24.472

CRC Novel Class- 3 High ki67,high CDX2 &high P53 26 27.483

CRC Novel Class- 4 High ki67,high CDX2 &low P53 23 26.873

Figure 2b. Novel molecular classification of colorectal cancer in Pakistani population 
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Figure 2c. Immunohistochemical pattern of novel molecular classification of colorectal 

cancer in Pakistani population(Magnification size -10x using Euromax Microscope with 

camera) 
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Figure 3a. Overall survival in patients with colorectal cancer Figure 3b. Disease specific survival in patients with colorectal 
cancer  

Figure 3c. Disease specific survival of patients with colorectal 
cancer – a comparison of <50 and older then 50 years 

Figure 3d. Disease specific survival of patients with colorectal 
cancer- Comparison of novel molecular classes
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Supplementary Tables

Supplementary Table- S1. Summary of Immunohistochemical markers: primary antibody, 
incubation time, temperature and cutoff percentage of positive cells to define positivity

S.NO Name of Antibody Incubation 
Time

Temperature Cutoff % for 
Positive 
expression

01 ER  (Ready to Use) 30 minutes Room 
Temperature

1

02 PR  (Ready to Use) 30 minutes Room 
Temperature

1

03 HER2-neu Dilution 
1:500 

40 minutes Room 
Temperature

3+

04 EGFR  Dilution 1:100 40 minutes Room 
Temperature

5

05 VEGF  Dilution 1:25 40 minutes Room 
Temperature

5

06 BCL2   (Ready to Use) 30 minutes Room 
Temperature

10

07 Ki-67 (Ready to Use) 30 minutes Room 
Temperature

10

08 P-53 (Ready to Use) 30 minutes Room 
Temperature

5

09 E-Cadherin (Ready to 
Use)

30 minutes Room 
Temperature

1

10 CEA  (Ready to Use) 30 minutes Room 
Temperature

1

11 CDX-2 (Ready to Use) 20 minutes Room 
Temperature

1

12 PDL-1 Dilution 1:50 40 minutes Room 
Temperature

1
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13 CK-20 (Ready to Use) 20 minutes Room 
Temperature

1


