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Abstract

Background—Host immune response may predict the course of colorectal cancer (CRC). We 

examined the survival of 468 CRC patients associated with two tumor-infiltrating immune 

biomarkers – the number of cytotoxic T lymphocytes (CTL) and the activated CTLs, as reflected 

by the number of cells expressing granzyme B (GZMB) in the prospective Iowa Women's Health 

Study.

Methods—Using paraffin-embedded tissue samples, we constructed and immunostained tumor 

microarrays with CD8 (for CTL) and GZMB antibodies. We scored CTL and GZMB densities in 

tumor epithelial and stromal tissues and also created a composite score for each biomarker (sum of 

the scores across tissue compartments). Cox regression estimated the hazard ratio (HR) and 95% 

CI for all-cause and CRC-specific death associated with each composite score.
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Results—CTL and GZMB composite scores were positively correlated (r = 0.65) and each 

biomarker was inversely correlated with stage at diagnosis. Both composite scores were higher in 

proximal colon tumors and tumors characterized by MSI-high, CIMP-high or BRAF mutation 

status. HR (95%CI) were 0.53 (0.38-0.75; P-trend=0.0004) and 0.66 (0.51-0.86; P-trend=0.002) for 

all-cause death, respectively; and 0.30 (0.18-0.51; P-trend<0.0001) and 0.41 (0.27-0.63; 

P-trend<0.0001) for CRC death, respectively. Including CTL and GZMB scores simultaneously in 

the model significantly improved the predictive performance of the models for all-cause and CRC 

death.

Conclusion—Higher tumor infiltration with CTL and GZMB cells is associated with improved 

all-cause and cancer-specific survival of CRC patients.

Impact—Both the number of CTLs and GZMB appear to be useful prognostic factors in CRC, 

irrespective of stage.
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Introduction

Colorectal cancer (CRC) is a leading cause of cancer death in the United States. The survival 

rate for CRC is improving, but 35% of patients still die within 5 years after diagnosis (1). 

Decisions about treatment for CRC are based largely on the tumor-node-metastasis (TNM) 

staging system, but there is considerable variability of outcomes within stages (2-4). Hence, 

to accurately determine prognosis and optimize treatment, it is essential to establish 

additional factors that predict and improve the stratification of CRC patients (5, 6). 

Classification of CRC tumors by molecular characteristics (e.g. chromosome instability, 

microsatellite instability (MSI), CpG island methylator (CIMP) phenotype, and mutation in 

BRAF and/or KRAS genes) has emerged as an important prognostic tool in CRC (reviewed 

in (6-12)). The most consistent data have been reported for MSI status: MSI-high versus 

MSI-low/MSS (microsatellite stable) tumors have been associated with 35-40% better 

survival (8, 10), and MSI status may inform decisions regarding adjuvant therapy for 

specific stages (13).

Another opportunity to refine CRC prognostication and clinical management is to consider 

immune activity in the tumor microenvironment. In a series of landmark studies, the group 

of Galon et al. demonstrated that the type, density and location of total lymphocytes (CD3+), 

cytotoxic T lymphocytes (CTL, or CD8+) and memory T lymphocytes correlated with 

disease-free and overall survival in CRC patients, and indicated the superiority of immune 

infiltrates over TNM staging in predicting patients' survival (14, 15). Subsequent studies 

have confirmed the importance of tumor lymphocytes as a prognostic factor in CRC 

(reviewed in (12, 16, 17)

Many studies have examined the role of tumor-infiltrating CTLs in colorectal tumors, and 

eight of them have been collectively evaluated in a recent meta-analysis that concluded that 

high versus (vs.) low CTL numbers in the tumor center, stroma, and invasive margin were 
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associated with significantly decreased overall mortality by 33%, 22%, and 9%, respectively 

(18). In addition, inverse associations were found between CTL infiltration (in tumor center 

and invasive margin) and the risk of CRC recurrence or death. However, only a few of these 

studies were population-based and adjusted for epidemiologic characteristics other than age 

and gender (19).

While the association between the CTL presence in the tumor environment and patient 

outcome is well described, there is the potential for further refinement of predictive models. 

For some patients, the activity of tumor CTLs may be suppressed. Functioning CTLs 

provide anti-tumor activity through production of lysosomes containing perforin and 

granzymes; among them, granzyme B (GZMB) is the most abundant and potent (20). 

However, only a few studies have specifically examined the association between CTL 

activity captured by GZMB and CRC patients' survival (21-24). In addition, existing data are 

inconsistent as to whether the association between immune cell infiltration and improved 

patient outcomes holds true across CRC tumor subtypes (16, 22, 25-28).

Thus, to further elucidate the role of CTLs and GZMB in colorectal carcinogenesis and 

prognosis, we determined (1) the correlation of these immune biomarkers in tumor 

epithelium and stroma with clinicopathological, molecular, and epidemiological 

characteristics and (2) the individual and joint effect of CTLs and GZMB on all-cause and 

CRC-specific survival. To study these associations, we utilized data and tissue resources 

from the well-characterized Iowa Women's Health Study (IWHS), a population-based cohort 

of older women.

Materials and Methods

Briefly, IWHS participants were women ages 55-69 years randomly sampled from the 1985 

Iowa Driver's license list (29, 30),who agreed to participate. Overall, 41,836 women 

completed the initial study questionnaire and were actively followed until 2011. The 

information about demographic, lifestyle and anthropometric characteristics was collected at 

baseline and five follow-up surveys in 1987, 1989, 1992, 1997, and 2004 (response rates 

were 91, 90, 83, 79, and 69%, respectively) (29). The current study was approved by the 

Institutional Review Boards at University of Minnesota, Mayo Clinic Rochester, and the 

University of Iowa.

CRC incidence was identified by annual linkage to the State Health Registry of Iowa, part of 

the Surveillance, Epidemiology, and End Results (SEER) program; the annual migration rate 

from Iowa was <1%; i.e., the follow-up of this cohort is nearly complete (29). CRC subsites 

were categorized as proximal colon (the cecum, ascending colon, hepatic flexure, transverse 

colon, and splenic flexure, International Classification of Diseases for Oncology (ICD-O-3) 

codes C18.0, C18.2-C18.5); distal colon (descending and sigmoid colon, ICD-O-3 codes 

C18.6, C18.7); or rectum (rectosigmoid junction and rectum, ICD-O-3 codes C19.9, C20.9). 

The SEER registry also provided information on the tumor extension and size at diagnosis, 

the number of examined lymph nodes, and the number of positive lymph nodes, grade, and 

first course of treatment (surgery, radiation, chemotherapy).
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Participants' deaths in Iowa were identified through the State Health Registry of Iowa 

through 2011. The vital status of non-respondents and emigrants from Iowa was ascertained 

via linkage to the National Death Index; CRC-specific deaths were ascertained using ICD 

codes that listed CRC as the underlying cause of death (ICD9: 153.0-154.1, 159.0; ICD10: 

C18-C20, C26.0).

Construction of tissue microarrays (TMAs)

For this study, we used archived, paraffin-embedded tissue specimens from incident CRC 

cases diagnosed in 1986-2002 that were collected as part of a focused molecular 

epidemiology study (CA107333). Tissue specimens were retrieved from 732 out of 1255 

(58%) CRC patients, which is similar to CRC tissue retrieval rates reported by other large 

cohorts (31, 32). After excluding CRC patients who reported cancer at baseline (n=146) and 

those with < 1 day of follow-up (n=6), tissue samples from 580 CRC patients were available 

for staining.

Paraffin blocks for CRC patients were serially sectioned onto 5 μm slides. The last slide was 

stained with hematoxylin and eosin, so that areas of neoplastic tissue (defined as >50% 

dysplastic cells) could be identified. For both antibodies, tonsil tissue was used as a positive 

control along with positive and negative colorectal tissue controls and the colorectal tissue 

treated with diluent. Using the marked slides as a guide, three tumor cores along with two 

normal colorectal tissue and liver control cores were taken from the corresponding tissue 

block and transferred to a TMA block. The TMAs were produced by the Mayo Clinic 

Pathology Research Core lab (Rochester) using the Beecher ATA-27 automated array. From 

the tissue microarray, 5 μm slides were cut for hematoxylin and eosin staining and 

immunohistochemistry (IHC) staining of immune cells.

Characterization of CTLs and GZMB

IHC analysis for CTLs (CD8+) and GZMB was performed by the Pathology Research Core 

at the Mayo Clinic (Rochester, MN) using the Leica Bond III Stainer (Leica, Buffalo, IL). 

Briefly, slides were dewaxed and retrieved for 20 minutes using Bond Dewax and Epitope 

Retrieval 1 (citrate) for CD8 or Epitope Retrieval 2 for GZMB (Leica, Buffalo, IL). The 

CD8 antibody (Clone 144B; Dako) and GZMB antibody (Clone GrB-7, Dako) were diluted 

in Bond Diluent (Leica, Buffalo, IL) (1:200) and incubated for 15 minutes. The utilized 

detection system (Polymer Refine Detection System by Leica, Buffalo, IL) included the 

hydrogen peroxidase block, secondary antibody polymer, DAB and Hematoxylin. Once 

completed, slides were removed from the stainer and rinsed for 5 minutes in tap water. 

Slides were dehydrated in increasing concentrations of ethyl alcohol and cleared in xylene 

prior to permanent coverslipping in xylene-based media.

An experienced gastrointestinal pathologist (T.S.) examined each tissue core. High-quality 

tissue samples were available from 468 CRC patients. They were assigned an integer score 

to CTLs and GZMB in two tumor areas – epithelium and stroma. Mean and maximum 

scores were associated in a similar fashion with clinicopathological characteristics and 

survival; therefore, only mean scores were used in the analyses. The following categories 

were created for CTL and GZMB scores: 1 –non-detected; 2 –mild (1-10 cells per 0.28 
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mm2); 3 –moderate (11-29 cells per 0.28 mm2); and 4 –strong infiltration (≥30 cells per 0.28 

mm2) (Fig. 1). Necrotic areas were avoided. Additionally, to test reproducibility, we 

conducted an automatic quantification of CTLs in 16 colorectal tumors using image pixel 

classifier (Ilastik software (33)). ImageJ/Fiji (34) was used to calculate the number of 

positive cells across the core. The interclass correlation between automated and manual 

scoring was 0.93.

The data on molecular pathways for these IWHS colorectal tumors, including molecular 

subtypes, have been previously described (35, 36). Tumors were characterized as MSS, 

MSI-high or -low; CIMP-high, -low, or -negative; and positive or negative for BRAF and/or 

KRAS mutations. Based on these molecular features, integrated pathways were assigned: 

traditional (MSS, CIMP-negative, BRAF-mutation-negative, and KRAS-mutation-negative), 

alternate (MSS, CIMP-low, BRAF-mutation-negative, and KRAS-mutation-positive), 

serrated (any MSI, CIMP-high, BRAF-mutation-positive, and KRAS-mutation-negative), or 

unassigned (36).

Statistical methods

We calculated the individual epithelial and stromal tumor scores for CTL and GZMB by 

averaging the scores from three tumor cores per patient. We examined each immune score, 

separately, in epithelium and stroma: 4 categories were created for the epithelial CTL score 

(1, >1-2, >2-3, and >3); 3 categories, for the stromal CTL score (1, >1-<2, and ≥2), and 3 

categories each (1, >1-<2, and ≥2) for epithelial and stromal GZMB scores. In categorizing 

scores, we aimed to have ≥15 CRC-specific deaths in each category. We also summarized 

immune scores in epithelial and stromal tumors for each biomarker (hereafter, called 

composite score). Since epithelial and stromal scores behaved similarly in relation to the 

patients' survival, the main analyses were done using composite tumor scores, categorized 

into quartiles for CTLs and tertiles for GZMB. We tested the distribution of immune scores 

across demographic, lifestyle, clinicopathological, and molecular characteristics of CRC 

patients using chi-square test.

We used Kaplan–Meier plots to estimate survival and log-rank tests in univariable models, 

and Cox proportional hazards regression to compute hazard ratios (HR) and 95% confidence 

intervals (CI). The main endpoints were all-cause and CRC death across each immune score. 

For all-cause mortality, participants' follow-up ended at the earliest of death, loss to follow-

up, or the end of 2011. Additionally, in the analysis of CRC death, the participants were 

censored at date of death due to other causes. Associations between scores and non-CRC 

death were also analyzed.

We tested the proportionality of hazards assumption by including an interaction term 

between each immune score and follow-up time, and detected no evidence of the 

assumption's violation. However, since five-year survival is clinically important, we also 

analyzed mortality for the follow-up less and more than 5 years after diagnosis.

For each immune biomarker two models were created unadjusted model (Model 1) and 

Model 2, additionally adjusted for age at diagnosis, SEER stage (in situ or local, regional, or 

distant), tumor grade (well, moderately, poorly differentiated, or lymphomas/not stated), 
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BMI before CRC diagnosis (continuous), and smoking history (current, former, or never). 

These covariates were associated with CRC patients' mortality in the earlier IWHS and other 

studies and were included a priori. Of note, the missing values for stage and grade were 

included as separate categories, while missing values for other covariates comprised <5% 

and those women were excluded.

The associations were not markedly changed after further adjustment for additional variables 

(year of diagnosis, first course of treatment (yes/no for surgery, radiation, or chemotherapy), 

CRC anatomic subsite (colon proximal, colon distal or rectal cancer; the latter two were 

combined), alcohol use, physical activity, hormone replacement therapy (HRT), history of 

diabetes, hypertension or heart disease); and those variables were not included in the final 

model. Due to the existing evidence that immune infiltration is associated with molecular 

characteristics, we created Model 3 additionally adjusted for integrated pathway (traditional, 

alternate, serrated, and unassigned) (36).

Further, we studied the risk of all-cause and CRC death associated with a joint score 

combining CTL and GZMB composite scores: the first category of this joint score 

(reference) included the lowest categories of CTL and GZMB scores; the third category, the 

highest categories of these scores; and the second category included all other combinations. 

Also, we created the receiver operating characteristic (ROC) curves using the logistic 

regression version of Model 2 for all-cause and CRC death within five-year follow-up, and 

tested the predictive performance of the models with and without GZMB and CTL scores 

(presented as pseudo-continuous variables). Additionally, we examined the association 

between each immune score and the mortality at different AJCC-TNM stages at diagnosis; 

our main interest was stages 2 and 3, due to the heterogonous prognosis within these stages. 

The AJCC-TNM stage variable (1-4) was previously derived for CRC patients in the IWHS 

studies using the SEER data on tumor extension and size, the number of lymph nodes 

examined, and the number of positive lymph nodes.

We also conducted several exploratory analyses. We repeated the analyses for CTL and 

granzyme B composite scores by stratifying CRC patients by tumor location (proximal and 

distal CRC) and molecular characteristics. To increase power in these analyses, immune 

scores were dichotomized at the median (≤5 and > 5 for CTL and ≤2.3 and >2.3 for GZMB; 

the lower category was the reference). We tested the interaction by adding a cross-product 

term between each composite score and the characteristics using the Wald chi-square test. 

Finally, we tested for selection bias by assigning a category for missing biomarker and 

comparing the risk of death between missing and non-missing categories in all 1255 CRC 

patients. All analyses were conducted using SAS (release 9.3); all statistical tests were two-

sided.

Results

In our analytical cohort of 468 CRC patients (among them, 99.6% were Caucasians) 

followed until 2011 (median follow-up was 8.4 years), 314 (67%) died, 144 of them from 

CRC (31% of the entire cohort). During the five-year follow-up, survival was 62%, which is 

in agreement with the SEER five-year survival for women in this age group (1). The 
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correlations between tumor epithelial and stromal scores were 0.54 and 0.66 for CTL and 

GZMB, respectively. Any immunostaining with CTL cells was observed in 80.2% of 

epithelial and 97.2% of stromal tumors, whereas immunostaining with GZMB was observed 

in smaller percentage of tumors: 37.1% and 53.1% of epithelial and stromal tissues, 

respectively. The composite scores for CTL and GZMB (created as a sum of corresponding 

epithelial and stromal scores) were correlated: r=0.65, which is slightly higher than r = 

0.52-0.57 reported previously (15, 21).

Table 1 presents the distribution of composite scores across patients' characteristics. Both 

composite scores were positively correlated with age at diagnosis, but not with BMI or 

smoking status. The highest CTL and GZMB scores were associated with proximal colon 

location, MSI-high, CIMP-high, BRAF mutation-positive status, and KRAS mutation-

negative status (Supplementary Table 1). In addition, the percentages of distant stage, 

traditional, and alternate pathways were lower and the percentages of serrated pathway were 

higher among those with the highest GZMB and CTL scores

In a univariable analysis, all-cause and CRC-specific survival of CRC patients were 

significantly better for above vs. below the median of composite CTL and GZMB scores 

(Fig. 2, A-D). Similar inverse associations for both composite scores were observed in a 

multivariable analysis. Compared to the lowest categories of the scores, for the highest CTL 

category, HRs (95%CI) were 0.53 (0.38-0.75; P-trend=0.0004) for all-cause mortality and 

0.30 (0.18-0.51; P-trend<0.0001) for CRC mortality, whereas for the highest GZMB 

category: HRs (95%CI) were 0.66 (0.51-0.86; P-trend=0.002) and 0.41 (0.27-0.63; 

P-trend<0.0001) for all-cause and CRC mortality, respectively (Model 2, Tables 2, 3). 

Additional adjustment for integrated pathways did not markedly change the associations 

(Model 3, Tables 2, 3). Of note, given no marked difference in the findings for Models 2 and 

3, all the following findings will be presented for Model 2. The associations of epithelial and 

stromal score with all-cause or CRC death behaved in parallel to the corresponding 

associations for composite scores (Supplementary Tables 2 and 3). There were no 

associations between any of the analyzed immune biomarker scores and non-CRC death.

In the analyses of the five-year follow-up, the associations were similar to those observed for 

the total follow-up (Supplementary Table 4); no associations were observed between any of 

the immune scores and risk of all-cause or CRC-specific death for patients followed for ≥5 

years (data not shown), but the power was limited, since most CRC deaths occurred within 

the first 5 years of follow-up. Further, after stratification by stage, the inverse associations 

remained for CRC death in stages 2 and 3: for the scores above vs. below median, the risk 

was decreased by 52% and 62% for CTL and by 74% and 50% for GZMB, respectively 

(Supplementary Table 5).

In exploratory analyses, we stratified CRC patients by molecular characteristics 

(Supplementary Table 5). Statistically significant interactions were found between CTL 

score and CIMP status in relation to all-cause and CRC death (P-interaction=0.05 and 0.02, 

respectively); decreased HRs were observed among those with CIMP low/high. Also, for 

CRC death, significant interactions were found between GZMB and CRC site 

(P-interaction=0.01; lower HR for proximal tumors) and BRAF status (P-interaction=0.05; lower 

Prizment et al. Page 7

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



HR for BRAF-positive mutation). Finally, there were no significant interactions between any 

composite scores and epidemiological characteristics: age at diagnosis, smoking, alcohol, 

BMI, or HRT use (all P-interactions>0.1).

In the model with the joint score based on composite CTL and GZMB, for the highest vs. 

lowest category, HR (95%CI) for all-cause and CRC death were significantly decreased by 

53% and 0.73%, respectively (Tables 2, 3). Further, after we simultaneously included CTL 

and GZMB score as dichotomous variables, all the associations were attenuated with 

stronger attenuation for GZMB (Tables 2, 3). Of note, there was no interactions between 

these immune scores (P-interaction=0.56 and 0.91 for all-cause and CRC death). For CRC 

mortality, the ROC curve areas were: 0.73 (95%CI, 0.68-0.78) without any immune score; 

0.76 (95%CI, 0.72-0.81), after adding CTL only; 0.76 (95%CI, 0.71-0.81), after adding 

GZMB only; and 0.77 (95%CI, 0.72-0.82), after including GZMB and CTL simultaneously 

(Supplementary Fig. 1, A). Remarkably, compared to the model without any immune score, 

in the model with two immune scores, at ∼90% specificity, the sensitivity for predicting 

CRC death was almost twice higher (∼50% vs. 25%), and the predictive performance was 

statistically significantly better (P=0.02). Similar improvement of predictive performance 

was observed for all-cause mortality: the ROC curve area was 0.71 (95%CI, 0.66-0.76) for 

the model without any immune score, and 0.73 (95%CI, 0.69-0.78) after both biomarkers 

were included (P=0.04) (Supplementary Fig. 1, B). Finally, there was no association 

between the missing category of any immune scores and the risk of any death (data not 

shown), implying no selection bias.

Discussion

Among 468 post-menopausal women diagnosed with CRC, we report a statistically 

significant decreased risk of all-cause and CRC death associated with CTL and GZMB 

infiltration in tumor epithelium and stroma, even after accounting for stage and other 

confounders. For each immune score, the mortality was similar in relation to epithelial and 

stromal scores. Further, the associations between each immune composite score and CRC 

death were observed in the patients diagnosed with stage 2 and stage 3 disease, implying 

that each of these scores may serve as a prognostic biomarker in those CRC patients. When 

both immune scores were included in the model, the predictive performance of the models 

for all-cause and CRC death significantly improved. Of note, no associations were found 

between immune scores and non-CRC death.

Consistent with previous findings (14, 20-22), we observed inverse correlations of stage with 

CTL and GZMB scores confirming the important role of the CTL number and activity 

(reflected by GZMB score) in CRC biology. Moreover, the inverse associations of CTL and 

GZMB scores with all-cause and CRC death in multivariable models suggest that both 

scores provide prognostic information beyond stage, which is in line with several studies for 

CTL (37-39) and GZMB (21, 22), although not all studies have been consistent (19, 23, 40). 

However, it is unclear whether the lack of significance in the latter studies was due to 

adjustment for stage or additional covariates such as other immune subsets and/or vascular, 

lymphatic and perineural invasion. The quantitative comparison with the previous studies is 

complicated by the fact that many studies did not compute relative risks (i.e., constructed 
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only Kaplan-Meier survival curves and log-ranks), while the studies presenting HRs differed 

in methodology, e.g., had different follow-up times, adjusted for various confounders, used 

whole slides vs. TMAs, and quantified cells in various tumor regions. In the univariable 

model, for the CTL score above vs. below median, the HRs (95%CI) for all-cause death 

were very similar in our study (0.73 (0.58-0.91)) and two meta-analyses: 0.67 (0.45-1.00) 

(18) and 0.62 (0.44-0.88) (41). For CRC death, the HR in our study (0.46) was slightly lower 

than in the meta-analysis: 0.64 (0.46-0.91) (18), but similar to the HR of 0.43-0.47 reported 

in two other studies (not included into the meta-analyses) (37, 38). These small 

discrepancies are most likely explained by the different study methodologies or various 

study populations.

In addition to examining the individual roles of CTL and GZMB, we examined the joint 

effect on survival. As expected, when these immune scores were simultaneously included in 

the model, there was no evidence of interaction between them, and the associations with 

mortality were attenuated for each biomarker, since GZMB is predominantly produced by 

CTLs (12, 22, 42) (the correlation between GZMB and CTL scores r=0.65). However, the 

patterns of inverse association remained for both biomarkers, with stronger associations for 

CRC death. Most likely, CTL and GZMB impact colorectal tumor through additional 

independent pathways. GZMB may be produced by other immune cells such as NK, 

dendritic, and mast cells (43), while CTLs may also kill tumor cells via the Fas-/Fas ligand 

pathway (44, 45).

Further, in line with previous studies, we demonstrated that MSI-high tumors (vs. MSS 

tumors) are characterized by higher CTL (reviewed in (12, 16)) and GZMB scores (21, 22, 

42), which is likely explained by increased levels of frameshift mutations in MSI-high 

tumors leading to elevated neoantigen production and anti-tumor immune response (16, 28, 

46). We also observed higher CTL and GZMB scores in CIMP-high (vs. CIMP low/

negative) and BRAF mutation-positive (vs. negative) tumors; to our knowledge, these 

findings have not been previously reported for GZMB. The parallel associations for CTL 

and GZMB are concordant with the earlier finding that genes for Th1 adaptive immunity 

(including GZMB and CTLs) form a tightly regulated cluster (15). Additionally, we report 

statistically significant interactions with CIMP status (for CTL), and BRAF mutation and 

subsite (for GZMB), but not with MSI status. The absence of stronger association between 

immune infiltration and the CRC patients' survival for MSI-high tumors is consistent with 

several other studies (21, 25-27, 38), but may seem controversial, since MSI-high colorectal 

tumors are most strongly infiltrated with lymphocytes and associated with better prognosis 

in our cohort (36) and other studies (8, 10). However, the lack of survival advantage for 

MSI-high tumors is supported by the recent findings that the increase in CTLs and other 

lymphocytes in MSI-high tumors is accompanied by the production of inhibiting molecules 

that allow tumors to escape destruction by an immune response (46-48), which agrees with 

the theory of immunoediting (49). Of note, the data on the interaction with molecular factors 

should be interpreted with caution due to multiple comparisons and limited sample size, 

which increases the chance of false-positive and false-negative results. These same reasons 

may explain inconsistent findings for the interaction between MSI and CTLs in the previous 

studies (reviewed in (12, 27)); thus, future larger studies are needed to examine the 

interactions between molecular factors and immune infiltrates.
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The major strength of our study is the use of a well-characterized, population-based cohort 

with reliable ascertainment of cancers and deaths, near complete follow-up and detailed 

information about epidemiological, clinicopathological and molecular characteristics. One 

of the limitations is that we measured immune score only within the tumors, and not in the 

peritumoral area. However, to account for tumor heterogeneity, we examined infiltration in 

stromal and epithelial tissues and found no difference between these areas. Also, we 

averaged the scores across several tumor cores. Moreover, it has been argued that cell 

counting may be more reproducible within the tumor compared to the peritumoral area, and 

may also be more valuable in clinical practice (4). An additional limitation is that pathology 

core specimens were not available for all CRC patients in this cohort. However, two findings 

suggested no selection bias in our study: (1) there was no association between the category 

for missing immune scores and the risk of any death; and (2) the participants' demographic 

characteristics, exposure patterns, and tumor characteristics did not differ significantly 

between CRC cases with retrieved vs. non-retrieved tissue specimens (35). Finally, the 

cohort included only white postmenopausal women, so the findings may not be 

generalizable to all populations.

In conclusion, our results indicate that high CTL and GZMB scores may serve as useful 

prognostic characteristics in CRC patients especially when accounted for simultaneously. 

This finding may be particularly important for CRC patients diagnosed with stages 2 and 3, 

for whom treatment is unclear and the more personalized approach to treatment and 

prognosis is needed.

Supplementary Material
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Figure 1. 
Classification of CTL (CD8+ expression) and GZMB in tumor epithelium and stroma in 

TMA cores in two CRC patients. The following categorization was used for both 

biomarkers: 1 - non-detected; 2 - mild (1-10 cells per 0.28 mm2); 3 - moderate (11-29 cells 

per 0.28 mm2); 4 - strong infiltration (≥30 cells per 0.28 mm2).
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Figure 2. 
Kaplan–Meier survival curves for the tumor composite scores for CTL and GZMB. (a) CTL 

score and all-cause survival; (b) CTL score and CRC-specific survival; (c) GZMB score and 

all-cause survival; (d) GZMB score and CRC-specific survival. For ease of presentation, we 

dichotomized the scores below and above median (median scores were 5 and 2.3 for CTL 

and GZMB score, respectively).
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