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Abstract

Aims: Tumour budding (TB), desmoplastic reaction (DR) and intraepithelial tumour infiltrating
lymphocytes (iTILs) are recently recognised prognostic factors in colorectal cancer (CRC). In this
study, we evaluated their significance and relationship to each other and their cumulative effect on
survival.

Methods and results: A total of 372 stages I-111 CRC cases from 2013 to 2016 were included.
Low TB was identified in 302 (81%) cases, immature/myxoid DR in 67 (18%) cases and iTILs in
130 (35.0%) cases. iTILs was associated with low budding (P = 0.0247), non-myxoid DR (P=
0.0004), poorly differentiated histology (P = 0.0015), absence of perineural invasion (£ = 0.0367)
and loss of mismatch repair proteins (P=0.0002). Absence of iTILs and presence of immature/
myxoid DR were associated with a worse recurrence-free survival (RFS) [hazard ratio (HR) =
2.191, 95% confidence interval (Cl) = 1.232-3.895; and HR = 5.706, 95% CI = 3.632-8.964,
respectively]. A competing risk analysis showed statistically significant prognostic groups
combining iTILs and TB (P < 0.0001). Cases with iTILs and low TB were associated with better
RFS compared to cases without iTILs and with intermediate/high TB (HR = 0.214, 95% CI =
0.109-0.421). Similarly, combining iTILs and DR revealed statistically significant prognostic
groups (P < 0.0001). Cases with iTILs and a non-myxoid DR had better RFS compared to cases
without iTILs and immature/myxoid DR (HR =0.113, 95% CI = 0.056-0.230). On multivariate
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cause-specific analysis, patients’ age (P = 0.0045), iTILs (P=0.0345), DR (P< 0.0001) and
pTNM prognostic groups (P < 0.0001) were associated with RFS.

Conclusions: Our study validates the association of iTILs and DR as independent prognostic
finding in CRC, and propose a prognostic model using the combinations of iTILs with TB and
stromal reaction in CRC.

Keywords
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Introduction

Despite advances in screening and treatment modalities for colorectal cancer, it remains the
third most common cause of cancer-related deaths in the United States.! Recently, the
tumour microenvironment has been recognised to play an important role in patient
prognosis. The presence of tumour budding (TB) has been implicated with a worse
prognosis in colorectal cancers and in other epithelial neoplasms.2—2 The International
Tumour Budding Consensus Conference (ITBCC)# has proposed including the presence of
TB into colorectal cancer staging systems and recommend using a three-tier system based on
quantification of tumour buds. Similar to TB, the presence of an immature/myxoid
desmoplastic reaction (DR) at the tumour edge has been associated with a worse prognosis
in colorectal cancer.10-13 Contrary to TB and an immature/myxoid DR, the presence of
intraepithelial tumour infiltrating lymphocytes (iTILs) has been associated with a better
prognosis in colorectal cancer}4-20 and with a better neoadjuvant treatment response in
rectal adenocarcinoma.?1-23 However, the relationship between TB, DR and i TILs has not
been assessed. Moreover, a recent study by Lang-Schwarz and colleagues2* proposed
combining TB and tumour infiltrating lymphocytes to further subdivide colorectal cancer
patients into new prognostic groups. Their study, with stages I1-1V cases of colorectal cancer,
demonstrated that cases with a low TB and tumour infiltrating lymphocytes had the longest
survival.2* This proposed model has not yet been validated in other cohorts of patients or
evaluated in a cohort of cases excluding stage IV disease.

In this study, we sought to validate the prognostic significance of TB, DR and iTILs ina
cohort of stages I-I111 colorectal cancer patients. We excluded stage 1V patients to obtain a
meaningful recurrence free survival (RFS) analysis. Additionally, we assessed the
relationship between these parameters and their associations to other clinicopathological
findings. Also, a validation of the proposed models combining TB and iTILs, and DR and
iTILs was made.

Materials and methods
PATIENT POPULATION

A retrospective review of colonic adenocarcinoma resection specimens from 2013 to 2016 in
our institution was performed. Exclusion criteria included stage IV disease, neoadjuvant
treatment, anorectal location and/or those where the archival haematoxylin and eosin (H&E)
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slides were not available for review. The clinical and follow-up information was obtained
from the electronic medical record. Approval from the institutional review board (IRB) was
obtained prior to initiation of the study.

TUMOUR CHARACTERISTICS

All archival H&E slides of the resection specimens were reviewed by two pathologists
simultaneously at a multiheader microscope, blinded to the clinical information. All the
cases were grossed according to our institutional protocol, which includes submission of at
least one section per centimetre of tumour, and entire submission for all tumours 3 cm or
less in size, for histological examination. The tumour location was recorded and grouped
into right or left colon. Right colon was defined as the region from the caecum to the distal
third of the transverse colon, and left as the region between the distal third of the transverse
colon to the rectum.

Tumour grade was assigned according to the 5th edition of the World Health Organisation
(WHO) Classification of Tumours of the Digestive System.2> The presence of TB was
recorded as per the 2016 ITBCC* as the presence of a single tumour cell or a cell cluster of
up to four tumour cells at the invasive front. TB was recorded using the proposed three-tier
approach by the ITBCC, which relies upon the quantification of the buds present per 0.785
mm? and classified into three categories: 0-4 (low), 5-9 (intermediate) or = 10 (high). The
presence of iTILs was defined as = 5 lymphocytes per high-power field (Figure 1).26 The
DR at the tumour edge was evaluated based on Ueno and colleagues’ method,10-13 which
classifies the DR into three distinct groups: immature/myxoid, intermediate and mature.
Immature/myxoid DR is defined as the presence of myxoid stroma at the tumour edge
involving at least one high power field (x40); cases not meeting this criterion and with
keloid-like collagen at the tumour edge are considered as intermediate DR; and those with
fine mature collagen fibres, without keloid-like collagen or myxoid stroma, are categorised
as showing a mature DR (Figure 1).10-13 All cases were evaluated for the stromal reaction
regardless of the pT stage, in contrast to a prior study were the stromal reaction was only
assessed in stages Il and 111 (pT3 or pT4 cases).10

Other pathological parameters evaluated included lymphovascular invasion (LV1), perineural
invasion (PNI), presence of tumour deposits, number of tumour deposits, lymph node
involvement, number of lymph nodes involved by carcinoma and number of lymph nodes
examined. All the cases were staged according to the American Joint Committee on Cancer,
8th edition for colorectal adenocarcinoma.2’ The expression of DNA mismatch repair
proteins (MMR) by immunohistochemical analysis was obtained from the pathology reports.
Retained MMR proteins was defined as nuclear tumour cell reactivity for MutS homologue
(MSH2), MSH6, PMS1 homologue 2 (PMS2) and MutL homologue 1 (MLH1), and MMR
loss as complete absence of nuclear reactivity for any protein in all tumour cells. Cases with
retained MMR proteins were termed proficient MMR (pMMR), and cases with MMR loss as
MMR-deficient (IMMR).
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STATISTICAL ANALYSIS

Results

The clinical and pathological characteristics were summarised using descriptive statistics.
Continuous and categorical variables were compared by Kruskal-Wallis and X2 tests,
respectively. RFS was defined as the time from the date of resection to recurrence. Alive
patients without recurrence were considered as a competing event at the last follow-up.
Recurrence-free probabilities were calculated using cumulative incidence curves.
Differences between the categories were determined using the Fine and Gray approach.
Cause-specific analysis of competing risks were used to evaluate the relationship of the
interested variables for RFS analysis. The variables with £< 0.25 from univariate models
were considered in the multivariable model. The pathological stages, including T- and N-
stages, and tumour—node—metastasis (TNM) prognostic groups had the highest priority. The
final multivariable model was built using the backward stepwise selection approach to
identify all significant risk factors. Factors significant at a 10% level were kept in the final
model. All statistical tests were two-sided using an a = 0.05 level of significance. SAS
version 9.4 (Cary, NC, USA) was used to perform all statistical analysis.

PATIENT POPULATION

A total of 372 cases were included in the study with an even distribution in gender, as 50.8%
of the cases presented in men. The mean age at resection was 65.7 + 12.9 years. The
majority of the patients were of Caucasian descent (314 patients, 84.4%) followed by
African American (49 patients, 13.2%) and of other descent, including Asian and Hispanic
(nine patients, 2.4%). In 54 patients (14.5%) a prior history of malignancy was noted, with
breast and skin cancer being the most common (28 and 16%, respectively). Additionally,
seven patients (1.9%) had a prior diagnosis of Lynch syndrome. In 275 patients the
carcinoembryonic antigen (CEA) level was available at the time of resection with a mean
value of 6.8 + 21.2 ng/ml (reference range = 0.0-5.0 ng/ml). None of the cases received
neoadjuvant treatment and 105 cases (28.3%) received adjuvant chemotherapy, with
FOLFOX being the most common regimen (52 cases, 49.5%). The clinical follow-up range
was 0-6.2 years (median = 2.8). The patient population characteristics are summarised in
Table 1.

TUMOUR CHARACTERISTICS

The tumour characteristics are summarised in Table 1. The majority of the cases were
located in the right colon (227 cases, 61.0%), with the most common specific location being
the sigmoid colon (98 cases, 26.3%), the caecum (81 cases, 21.8%) and the ascending colon
(76 cases, 20.4%). Most cases were considered well/moderately differentiated (294 cases,
79.0%); 56 cases (15.1%) were poorly differentiated and a total of 22 cases (5.9%) were
considered as mucinous carcinoma. The majority of the cases showed low budding (302
cases, 81.2%), followed by high budding in 39 cases (10.5%) and intermediate budding in
31 cases (8.3%). In 165 cases (44.4%) a mature DR was noted, an intermediate reaction in
140 cases (37.6%), and an immature/myxoid reaction in 67 cases (18.0%). iTILs were noted
in 130 cases (35.0%). LVI and PNI was identified in 138 (37.1%) and 57 cases (15.3%),
respectively. Tumour deposits were present in 43 cases (11.6%), with a mean number of
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tumour deposits of 0.39 £ 2.07. In 324 cases where MMR protein status was available, 67
cases (20.7%) were dMMR. In cases with dAMMR the most common protein losses were
MLH1 and PMS2 in 53 cases (79.1%). dMMR cases were more likely to be located in the
right colon (57 cases, 85%; £ < 0.0001).

The pT-stage was pT1, pT2, pT3 and pT4 in 26 cases (7.0%), 74 cases (19.9%), 224 cases
(60.2%) and 48 cases (12.9%), respectively. In 233 cases (62.6%) no lymph node
involvement by carcinoma was identified (pNOQ), and 89 (23.9%) and 50 cases (13.4%) were
considered as pN1 and pN2, respectively. The mean number of lymph nodes involved by
carcinoma was 1.29 + 2.73, with a mean number of lymph nodes evaluated per case of 20.1
+ 8.0. The pTNM prognostic stage group was | in 83 (22.3%), 11 in 150 (40.3%) and 11l in
139 cases (37.4%).

CLINICOPATHOLOGICAL ASSOCIATIONS WITH INTRAEPITHELIAL TUMOUR
INFILTRATING LYMPHOCYTES

The clinicopathological associations with iTILs are summarised in Table 2. iTILs were
significantly associated with female gender (2= 0.0045), low budding (£ = 0.0247), non-
myxoid DR (P =0.0004), poorly differentiated histology (P = 0.0015), absence of PNI (P=
0.0367) and dMMR (P = 0.0002). Although not significant, iTILs were more frequently
detected in tumours arising in the right colon (88 cases, 67.7%) (P = 0.0532). iTILs were not
significantly associated with age, race, history of prior malignancy, known Lynch syndrome,
CEA level at presentation, adjuvant chemotherapy, LVI, tumour deposits, number of tumour
deposits, lymph node involvement, number of lymph nodes examined, pT-stage, pN-stage or
pTNM prognostic groups.

COMPETING RISK ANALYSIS FOR RECURRENCE-FREE SURVIVAL

The absence of iTILs was significantly associated with a worse RFS [~ = 0.0069; hazard
ratio (HR) = 2.141, 95% confidence interval (Cl) = 1.233-3.717] (Figure 2). Similarly, high
budding was significantly associated with a worse RFS (P= 0.0003; HR = 2.601, 95% CI =
1.480-4.570) (Figure 3). A model combining iTILs and TB showed significant association
with RFS (P < 0.0001) (Figure 3). A two-tiered scale for TB was used for the prediction
model with iTILs. Cases with iTILs and low budding were associated with a better RFS
compared to cases with no iTILs and intermediate/high budding (HR = 0.214, 95% CI =
0.109-0.421); among cases with intermediate/high budding, cases with no iTILs were
associated with a worse RFS compared to cases with iTILs (HR = 2.754, 95% CI = 0.855-
8.873). The presence of intermediate/high budding in cases without iTILs was associated
with a worse RFS compared to cases with iTILs and low budding (HR = 4.666, 95% CI =
2.377-9.159) (Figure 3). The combined analyses of iTILs and TB are presented in the
Supporting information, Table S1.

Using the three-tier system proposed by Ueno et al. for DR,10-13 a significant difference
among the groups is noted with RFS (P < 0.0001) (Figure 4). Cases with an immature/
myxoid DR have a worse RFS compared to cases with an intermediate DR (HR = 5.814;
95% CI = 3.282-10.301) and those with a mature DR (HR = 5.615; 95% CI = 3.270-9.639).
Given the marked significance of an immature/myxoid DR with a poor RFS, cases were
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grouped into those with an immature/myxoid DR and those without (non-myxoid), the latter
including both intermediate DR as well as mature DR. Cases with an immature/myxoid DR
were significantly associated with a worse RFS compared to those with a non-myxoid DR (P
< 0.0001; HR =5.706, 95% CI = 3.632-8.964) (Figure 4).

A combined model of DR and iTILs is significantly associated with RFS (< 0.0001)
(Figure 4). The DR for the combined model was considered as immature/myxoid and non-
myxoid. Cases with iTILs and a non-myxoid DR were associated with a better RFS
compared to cases without iTILs and an immature/myxoid DR (HR = 0.113, 95% CI =
0.056-0.230) and compared to cases with iTILs and an immature/myxoid DR (HR = 0.136,
95% CI = 0.049-0.375). Cases with an immature/myxoid DR and no iTILs were associated
with a worse prognosis compared to cases with a non-myxoid DR and with iTILs (HR =
8.816, 95% CI = 4.346-17.883). Cases with both iTILs and an immature/myxoid DR were
associated with a worse RFS (HR =7.371, 95% CI = 2.663-20.400) compared to cases with
iTILs and a non-myxoid DR. The combined analysis of iTILs and DR are presented in the
Supporting information, Table S2.

UNIVARIATE AND MULTIVARIATE CAUSE-SPECIFIC ANALYSIS FOR RFS

Univariate cause-specific analysis of competing risks models for RFS showed that a prior
history of malignancy (P = 0.0365), TB (P = 0.0006), iTILs (= 0.0068), DR (£ < 0.0001),
LVI (P<0.0001), PNI (P=0.0036), tumour deposits (P < 0.0001), pT-stage (£ < 0.0001),
pN-stage (£ < 0.0001) and pTNM prognostic stage groups (P < 0.0001) were associated with
RFS (Table 3). Age, gender, tumour grade, tumour location and MMR expression were not
associated with RFS on univariate analysis. Multivariate cause-specific analysis showed that
age (P=0.0045), iTILs (P=0.0348), DR (P< 0.0001) and pTNM-stage (A< 0.0001) were
significantly associated with RFS (Table 3).

Discussion

The tumour microenvironment plays an important role in the prognosis of colorectal

cancers. In our study, cases with iTILs were independently associated with a better RFS (P=
0.0348) and immature/myxoid DR with a worse RFS (P < 0.0001). TB was associated with a
worse RFS on univariate analysis (£ = 0.0006). Furthermore, the presence of iTILs was
significantly associated with low TB (P = 0.0247) and a non-myxoid DR (£ =0.0004). The
pathological stages (pT, pN and pTNM) were also significantly associated with RFS (P<
0.0001 each).

The presence of TB has been associated with a worse outcome in several neoplasms,
including colorectal carcinoma.2-824.28-33 The ITBCC* recommends using a three-tier
system, low buds — 4), intermediate buds (5- 9) and high buds (= 10), which has been
validated recently by several groups.30:31:34-38 Qur results further validate the association of
TB with a worse RFS (£=0.0003) in stages I-111 CRC. The intermediate and high TB
groups in our cohort did not show a statistically significant difference in RFS (Figure 3).
This could be related to inherent challenges in evaluation due to intense tumour-associated
inflammation3® or a selection bias in our cohort, with exclusion of stage IV and rectal
adenocarcinomas. Nonetheless, there is a marked difference in the intermediate/high
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budding group compared to the low budding group, as reported in other studies.2%-31.33 This
reinforces the importance of including TB in pathology reports, which is recommended by
National Comprehensive Cancer Network?? and by the US Multi-Society Task Force on
Colorectal Cancer.*1

DR in colorectal cancer has gained recognition in the last decade as an independent indicator
of RFS.10-13 Nonetheless, this feature has not been adopted in pathological reporting for
clinical care. One of the largest recent studies analysing the stromal reaction pattern at the
tumour edge in colorectal cancer was performed by Ueno et a/19 Their cohort consisted of
821 cases of stages Il and 111 colorectal cancer from four institutions. A total of 214 patients
(26%) had an immature/myxoid DR, and on multivariate analysis this feature was
significantly associated with a worse RFS (HR = 3.1, 95% CI = 2.1-4.6).10 As previously
reported and validated by their group, a type C reaction (immature/myxoid) was an
independent indicator of RFS in rectal adenocarcinoma.l An immature/myxoid DR has also
been identified as an independent indicator for extrahepatic recurrence in a cohort of
colorectal cancer with synchronous or metachronous resectable liver metastases.12

In this study, DR was classified into three groups: immature/myxoid, intermediate and
mature.10-13 An immature/myxoid DR was present in 18%, intermediate in 38% and a
mature DR in 44% of the cases. The prevalence of the immature/myxoid DR in our cohort
(18%) was lower compared to Ueno et al.’s cohort, at 26.1%; and mature DR in our cohort
(44%) was slightly higher compared to their cohort, at 40%.10 The difference can probably
be explained by the variability in selection of patient cohort in these two studies. In the study
by Ueno et al., only stages II1-111 (pT3 and pT4) colorectal cancer cases were included.10 In
contrast, our cohort consisted of cases involving stages I-111 and the DR was evaluated in all
cases regardless of pT stage. Interestingly, in our cohort cases with iTILs were significantly
associated with a non-myxoid DR (P = 0.0004). Using a combined model with iTILs and
DR divided into a two-tier system (immature/myxoid and non-myxoid), cases were further
stratified prognostically, with cases showing iTILs and a non-myxoid DR having a better
RFS compared to cases without iTILs and an immature/myxoid DR (HR = 0.113, 95% CI =
0.056-0.230).

In recent years, numerous studies have demonstrated the prognostic significance of the
colorectal cancer-associated lymphocytic response.#2 Different studies have used different
methods of assessment, including stromal (intra- and peritumoural) as well as intraepithelial
lymphocytic infiltration. Subset analyses of the lymphocytic responses based on
immunohistochemical expression and molecular markers are also being studied.*3-45 It is
clear from these multiple studies that tumour associated lymphocytes are an integral
component of the tumour microenvironment, and play an important prognostic role.
However, to date, there is no standardisation in the histopathological assessment for this
parameter that has been translated into clinical use, and recent efforts are being made to
address this.20

iTILs have been associated with an improved RFS regardless of MMR status; however, cases
with dMMR and high iTILs had a better prognosis compared to dMMR with intermediate
and low iTILs (P=0.013).17 The presence of iTILs was significantly associated with dMMR
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in our cohort (P < 0.0002), which is congruent with previous reports.17-18:43:45 Moreover, the
presence of iTILs in our cohort has been shown to be an independent prognostic factor.
dMMR cases were significantly associated with a right-sided location (£ < 0.0001) in our
study; similar results were seen by Landau et a/. in their cohort of 328 stages I-1V colorectal
cancers.33 MLH1 and PMS2 were the most commonly lost MMR proteins in our cohort
(79.1%), whereas MSH2 and MSH6 were reported to be most commonly lost in small
intestinal adenocarcinomas (P < 0.001).46 Interestingly, in this cohort, MMR status was not
associated with RFS on univariate or multivariate analysis. One probable explanation in our
cohort could be the exclusion of stage 1V adenocarcinomas, which could have created a
selection bias for MMR-proficient tumours. Moreover, there could be other molecular
factors that could impact prognosis, such as low tumour mutational burden and BRAFand
RAS gene mutations, which are shown to be negative prognostic factors among the MSI
group of tumours.4” Detailed molecular analysis has not been performed in our cohort to
offer a firm explanation.

To our knowledge, this is the first study evaluating the association of iTILs with TB and DR.
In our cohort of stages I-111 colorectal cancer, the presence of iTILs was significantly
associated with low TB (P = 0.0247) and with a non-myxoid DR (£ =0.0004). The
underlying mechanism resulting in these associations is unclear. We hypothesise that the
high immunological response manifested by iTILs perhaps acts as a barrier for tumour
budding formation or for the stroma to show an immature/myxoid DR, thereby trying to
prevent the neoplasm from disseminating. In our cohort, the absence of iTILs was
significantly associated with a worse RFS on multivariate analysis (P= 0.0348; HR = 1.862,
95% CI = 1.045-3.316), clearly supporting the protective role of iTILs from the damaging
effects of the cancer. The negative association of iTILs with the poor histological
prognosticators such as TB and immature/myxoid DR may actually reflect the integral
tumour microenvironment, rather than these processes being addressed as separate
phenomenon.

In conclusion, our study validates TB, DR and iTILs as important prognostic markers for
RFS. In our cohort, iTILs and DR are independently associated with RFS. Moreover, our
study explores the association of these parameters to each other, and we show that iTILs are
significantly associated with a non-myxoid DR and low TB. Our findings support routine
reporting of TB, iTILs and DR patterns as additional pathological parameters in clinical
practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A-D, Examples of desmoplastic reaction (DR) at the tumour edge. An immature/myxoid

DR, extending at least a high-power field (x40) (A,B); intermediate DR, with keloid-like
collagen (C); and mature DR, without immature/myxoid stroma or keloid-like collagen (D).
Intraepithelial tumour infiltrating lymphocytes, defined as = 5 lymphocytes per high-power
field (x40) (E).
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Figure 2.
Risk of disease recurrence for cases with no intraepithelial tumour infiltrating lymphocytes

(iTILs) compared to cases with iTILs (hazard ratio = 2.141, 95% confidence interval =
1.233-3.717).
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Risk of disease recurrence for cases with low tumour budding (TB) compared to cases with
intermediate, and high TB (left). Cumulative probability of disease recurrence using a
combination of intraepithelial tumour infiltrating lymphocytes (iTILs) and TB (right)
(hazard ratios and 95% confidence intervals presented in Supporting information, Table S1).
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ratio (HR) = 5.706, 95% confidence interval (Cl) = 3.632-8.964] (centre). Cumulative
probability of disease recurrence using a combination of intraepithelial tumour infiltrating
lymphocytes (iTILs) and desmoplastic reaction censored as immature/myxoid and non-
myxoid (right) (HR and 95% CI presented in Supporting information, Table S2).
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Table 1.

Patient and tumour characteristics (1= 372)
Gender,
Male 189, 50.8%
Female 183, 49.2%
Age, mean = SD 65.7+£12.9
Race, %
Caucasian 314, 84.4%
African American 49, 13.2%
Other? 9, 2.4%
History of prior malignancy, %
Yes 54, 14.5%
No 318, 85.5%
Known Lynch syndrome, /%
Yes 7,1.9%
No 365, 98.1%
CEA level at resection, 77, mean + SD 275,6.8+21.2
Adjuvant chemotherapy, /% n=371
Yes 105, 28.3%
No 266, 71.7%
Location, /o
Right 227, 61.0%
Left 145, 39.0%
Tumour buds, 2%
Low 302, 81.2%
Intermediate 31, 8.3%
High 39, 10.5%
Desmoplastic reaction, /%
Immature/myxoid 67, 18.0%
Intermediate 140, 37.6%

Mature

165, 44.4%%

Intra-epithelial tumour-infiltrating lymphocytes, /26

Yes 130, 35.0%

No 242, 65.1%
Tumour grade, %

Well/moderately differentiated 294, 79.0%

Poorly differentiated 56, 15.1%

Mucinous carcinoma 22,5.9%
Lymphovascular invasion, 7%

Yes 138, 37.1%

No 234, 62.9%

Histopathology. Author manuscript; available in PMC 2022 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Gonzélez et al.

Perineural invasion, 7%

Yes 57,15.3%

No 315, 84.7%
Tumour deposits, %

Yes 43, 11.6%

No 329, 88.4%
Number of tumour deposits, mean + SD 0.39 £ 2.07
Number of involved lymph nodes, mean + SD 1.29+2.73
Number of lymph nodes evaluated, mean + SD 20.1+8.0
MMR expression, % n=324

Deficient 67,20.7%

Proficient 257, 79.3%
pT stage, %

pT1l 26, 7.0%

pT2 74,19.9%

pT3 224, 60.2%

pT4 48, 12.9%
pN stage, %

pNO 233, 62.6%

pN1 89, 23.9%

pN2 50, 13.4%
pTNM prognostic group, /%

| 83, 22.3%

1l 150, 40.3%

11 139, 37.4%

Page 17

SD, standard deviation; CEA, carcinoembryonic antigen; MMR, mismatch repair; pT, pathological T category; pTNM, pathological tumour—node—

metastasis.

a, . . .
Asian or Hispanic

Percentages might not total 100% due to rounding
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Table 2.

Clinicopathological associations with intra-epithelial tumour-infiltrating lymphocytes

Intra-epithelial lymphocytes

P
Yes (n = 130) No (n = 242)
Gender,
Male 53, 40.8% 136, 56.2%
0.0045
Female 77,59.2% 106, 43.8%
Age, mean = SD 67.4+13.7 64.7+12.4 0.0470
Race, %
Caucasian 109, 83.9% 205, 84.7%
African American 16, 12.3% 33, 13.6% 0.4061
Other! 5, 3.9% 4,1.7%
History of prior malignancy, /%
Yes 18, 13.9% 36, 14.9%
0.7880
No 112, 86.2% 206, 85.1%
Known Lynch syndrome, /%
Yes 3,2.3% 4,1.7%
0.6990
No 127,97.7% 238, 98.4%
CEA level at resection, 7, mean + SD 93,5.6+99 182,75+25.1 0.8593
Adjuvant chemotherapy, /% n=129 n=242
Yes 33, 25.6% 72,29.8%
0.3957
No 96, 74.4% 170, 70.3%
Location, /%
Right 88, 67.7% 139, 57.4%
0.0532
Left 42,32.3% 103, 42.6%
Tumour buds, %
Low 115, 88.6% 187, 77.3%
Intermediate 8, 6.2% 23, 9.5% 0.0247
High 7,5.4% 32,13.2%
Desmoplastic reaction, /%
Immature/myxoid 11, 8.5% 56, 23.1%
Intermediate 47, 36.2% 93, 38.4% 0.0004
Mature 72,55.4% 93, 38.4%
Tumour grade, /%6
Well/moderately differentiated 90, 69.2% 204, 84.3%
Poorly differentiated 31, 23.9% 25,10.3% 0.0015
Mucinous carcinoma 9, 6.9% 13,5.4%
Lymphovascular invasion, /%
Yes 40, 30.8% 98, 40.5%
0.0641
No 90, 69.2% 144, 59.5%

Perineural invasion, /%
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Intra-epithelial lymphocytes

=]
Yes (n=130) No (n=242)
Yes 13, 10.0% 44, 18.2%
0.0367
No 117, 90.0% 198, 81.8%
Tumour deposits, /%
Yes 13, 10.0% 30, 12.4%
0.4906
No 117, 90.0% 212, 87.6%
Number of tumour deposits, mean + SD 0.6+3.2 03+1.0 0.5392
Number of involved lymph nodes, mean + SD 13+28 1.3+27 0.5139
Number of lymph nodes evaluated, mean + SD 20.4+8.9 20075 0.9093
MMR expression, % N =115 N =209
Deficient 37,32.2% 30, 14.4%
0.0002
Proficient 78, 67.8% 179, 85.7%
pT stage, %
pT1 8, 6.2% 18, 7.4%
pT2 28, 21.5% 46, 19.0%
0.9127
pT3 78, 60.0% 146, 60.3%
pT4 16, 12.3% 32,13.2%
pN stage, /%
pNO 86, 66.2% 147, 60.7%
pN1 27, 20.8% 62, 25.6% 0.5362
pN2 17,13.1% 33,13.6%
pTNM prognostic group,
| 29, 22.3% 54, 22.3%
1 57, 43.8% 93, 38.4% 0.5279
1l 44, 33.8% 95, 39.3%
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SD, standard deviation; CEA, carcinoembryonic antigen; MMR, mismatch repair protein; pT, pathological T category; pTNM, pathological

tumour—node—metastasis.

a. . . . . .
Asian or Hispanic percentages might not total 100% due to rounding.

Bold indicates statistical significance.

Histopathology. Author manuscript; available in PMC 2022 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Gonzélez et al.

Table 3.
Cause-specific analysis of recurrence-free survival
Univariate analysis Multivariate analysis
P HR (95% CI) P
Age 0.0979 1.029 (1.009 — 1.049) 0.0045
Gender 0.2260
History of prior malignancy 0.0365
Tumour grade 0.7892
Tumour location 0.9962
Tumour budding 0.0006
Intra-epithelial tumour-infiltrating lymphocytes 0.0068 0.0348
Yes 1
No 1.862 (1.045-3.316)
Desmoplastic reaction < 0.0001 < 0.0001
Immature/myxoid 3.382 (1.861-3.316)
Intermediate 0.888 (0.461-1.712)
Mature 1
Lymphovascular invasion < 0.0001
Perineural invasion 0.0036
Tumour deposits <0.0001
MMR expression 0.8230
pT stage <0.0001
pN stage <0.0001
pTNM prognostic group < 0.0001 < 0.0001

0.159 (0.055-0.457)

0.355 (0.203-0.620)

1
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HR, hazard ratio; Cl, confidence interval; pT, pathological T category; pTNM, pathological tumour-node—metastasis; MMR, mismatch repair

protein.

Bold indicates statistical significance.
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