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Abstract

Background: While clinical outcomes from colorectal cancer (CRC) are influenced by stage at diagnosis and treatment,
mounting evidence suggests that an enhanced lymphocytic reaction to a tumor may also be an informative prognostic
indicator.
Methods: The roles of intratumoral T lymphocyte infiltration (TIL), peritumoral Crohn’s-like lymphoid reaction (CLR),
microsatellite instability (MSI), and clinicopathological characteristics in survival from CRC were examined using 2369
incident CRCs from a population-based case-control study in northern Israel. Cox proportional hazards regression was used
to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for CRC-specific and all-cause mortality in multivariable
models adjusted for age, sex, ethnicity, grade, stage, and MSI. All statistical tests were two-sided.
Results: Tumors with TIL/high-powered field (HPF) of 2 or greater were associated with a statistically significant increase in
CRC-specific (P < .001) and overall survival (P < .001) compared with tumors with TIL/HPF of less than 2. Similarly, tumors
with a prominent CLR experienced better CRC-specific (P < .001) and overall survival (P < .001) as compared with those
with no response. High TILs (HR¼0.76, 95% CI¼0.64 to 0.89, P < .001) and a prominent CLR (HR¼0.71, 95% CI¼0.62 to 0.80,
P < .001), but not MSI, were associated with a statistically significant reduction in all-cause mortality after adjustment for
established prognostic factors.
Conclusions: TILs and CLR are both prognostic indicators for CRC after adjusting for traditional prognostic indicators.

Colorectal cancer (CRC) is the fourth leading cause of cancer
deaths worldwide (1). While clinical outcomes are largely de-
pendent on stage at diagnosis and treatment, mounting evi-
dence suggests that microsatellite instability (MSI) and host
immune infiltration may also be highly informative prognostic
indicators (2–6). Molecular genetic studies of colorectal cancer
(CRC) have identified high levels of MSI (MSI-H) in approxi-
mately 15% of CRCs. Histologic differences between MSI-H and
microsatellite stable (MSS)/microsatellite-low (MSI-L) tumors

have been well described (7–10), and the MSI-H phenotype has
been associated with a better prognosis than tumors with an
MSS or MSI-L phenotype (2,3,6,11). While the underlying drivers
for the MSI-H survival advantage are not fully understood, the
prognostic benefit has been at least partially attributed to the
pronounced lymphocytic infiltration in this subset of cancers
(12,13).

With the identification of the MSI phenotype and the corre-
sponding prognostic advantage, the host immune response,
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notably an enhanced lymphocytic reaction, has become a re-
cent focus of investigation. Tumor infiltrating lymphocytes
(TILs) can trigger preferential lysis of cancer cells by recognizing
enhanced expression of abnormally expressed antigens pre-
sented in the context of HLA molecules. The presence of TILs is
more common in MSI-H than microsatellite-stable (MSS) tumors
(21% vs 3%) (14), likely because of DNA mismatch repair defi-
ciencies causing frameshift mutations that lead to the introduc-
tion of potentially immunogenic neoantigens (15). It has
been understood for years that individuals with CRCs contain-
ing many TILs have a survival advantage over those that do not
(16–19). In addition, the number of TILs discriminates between
MSI-H and MSS CRCs in our sample of Israeli CRCs (9). Further, a
Crohn’s disease-like lymphoid reaction (CLR) characterized by
peritumoral lymphoid aggregates is a common feature of MSI-H
tumors (8,10) and has also been associated with improved prog-
nosis (20–23).

A pronounced host immune reaction is not unique to MSI-
high cancers (18,24), and the independent contributions of
intratumoral and peritumoral lymphocytic responses to sur-
vival have not been fully characterized in the context of estab-
lished prognostic indicators. The present study evaluated the
importance of TILs and the CLR as prognostic factors for CRC, in
addition to age, sex, MSI, stage, and grade, in a large population-
based case-control study in northern Israel.

Methods

Study Population

The Molecular Epidemiology of Colorectal Cancer (MECC) study
is a population-based, case-control study of incident CRC
patients and their corresponding age-, sex-, and ethnicity-
matched control subjects. The MECC study participants and re-
sponse rates have previously been described (25). Eligible
patients included any person newly diagnosed with CRC be-
tween February 1998 and March 2006 in northern Israel for
whom a tissue sample was available. Individuals previously di-
agnosed with cancer of the colorectum were not eligible to par-
ticipate. Eligible patients were invited to participate and
interviewed. All participants provided extensive information
about their personal characteristics, detailed cancer family his-
tory, personal medical history, and exposure to epidemiologic
risk factors. Each provided a venous blood sample and gave per-
mission to retrieve their paraffin-embedded tumor tissue.
Follow-up information on survival was collected from the
Population Registry and/or medical records. The study was ap-
proved by Institutional Review Boards at the University of
Michigan, University of Southern California, and Carmel
Medical Center in Haifa, Israel. Written informed consent was
required for participation.

Pathologic Analysis

All tumors were reviewed blindly by a single expert gastrointesti-
nal pathologist (JKG). One or two representative blocks of normal
and tumor were sent from Israel to The University of Michigan
Department of Pathology, where one hematoxylin and eosin–
stained (H&E) section and ten 5 micron unstained nonheated
sections from each block were prepared. The coded H&E stained
sections were reviewed, and the following histologic criteria
were used to evaluate the tumors. In the majority of cases, the
tumor block contained the advancing edge of the neoplasm as

the contributing pathologists were instructed to include this area
in the blocks they sent for review. Only resection specimens
showing invasive adenocarcinoma of the colon and rectum were
accepted into this analysis. Adenomas with “intramucosal carci-
noma or carcinoma in-situ” were not included.

Tumor Grading

Tumors were given a single grade of differentiation (well, mod-
erate, or poor) based on the criteria of Jass and colleagues with
minor modification (26). The worst grade of tumor seen was
used for the overall grade, unless the worst area was a small fo-
cus (<10%) at the advancing margin of the tumor (the presence
of tumor budding was not counted as poor differentiation and
did not impact the overall grade given to any tumor).

Prominent Crohn’s-Like Lymphoid Reaction

The advancing edge of the tumor was assessed for the presence
of a prominent inflammatory reaction. For the reaction to be
considered prominent, a minimum of three lymphoid aggre-
gates was required per section. If the advancing edge of the tu-
mor was not present, this field was graded as unknown.

Tumor-Infiltrating Lymphocytes

Tumor-infiltrating lymphocytes (TILs) were identified on H&E-
stained sections as small blue mononuclear cells that typically
had a halo around them. Only lymphocytes infiltrating between
tumor cells were counted. Care was taken not to count apoptotic
cells. The tumor was scanned at low power to look for the area
with the most TILs (which was often the more superficial region
of a deeply invasive carcinoma). Once this area was identified,
five consecutive 40x fields of an Olympus BX40 microscope
with UPlanF1 objective (Olympus America Inc, Melville, NY)
were counted (total area equal to 0.94 mm2). The mean TIL/high-
powered field (HPF) for each tumor was calculated by dividing the
total number of TILs by five. Tumors were then separated into
two groups (TIL/HPF � 2 or TIL/HPF < 2) according to a value
previously established to accurately predict the likelihood of
MSI (10).

DNA Extraction From Tumor

DNA was extracted from tumor slides as previously described
(10). Briefly, tumor DNA was microdissected from unstained, re-
cut slides of formalin-fixed, paraffin-embedded tumors. Areas
for microdissection were circled by one pathologist (JKG), and
the H&E-stained slide was used as a template. Following dissec-
tion from slides, xylene was added to remove paraffin and the
DNA was precipitated with ethanol. Following centrifugation,
the supernatant was discarded, and the pellet was lyophilized.
The pellet was resuspended in 100 lL Proteinase K buffer
(50 mM tris and 200 ng/lL Proteinase K). The samples were incu-
bated overnight at 37 �C and then denatured at 95 �C.

Microsatellite Instability Analyses

Microsatellite instability (MSI) testing was performed in colorec-
tal tumor tissue from the first primary CRC that was case-defin-
ing by comparing at least three informative and up to ten
microsatellite markers (BAT25, BAT26, BAT40, B-CATENIN,
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TGFBIIR, D2S123, D5S346, D17S250, D10S196, D18S58) between
normal and tumor tissue from the same individual. Differences
in the length of the microsatellites between healthy and tumor
tissues indicate dysfunction of one or more of the mismatch re-
pair genes. The criteria for testing MSI and determining MSI-
high (MSI-H) status have been described previously in
detail (27,28). Briefly, tumors considered for MSI status determi-
nation were those with at least one mononucleotide marker
and a minimum of three markers in total with high-quality re-
sults. MSI-H status was called if 30% or more markers with
good quality were unstable. Patients who subsequently devel-
oped a second primary cancer were followed as part of the co-
hort using date of diagnosis of the first primary cancer as the
time of entry into the cohort, and the molecular features of the
first primary cancer were used as the molecular signature for
the patient.

Statistical Analysis

Chi-square analyses, Fisher’s exact test, and unconditional lo-
gistic regression were used to examine the associations be-
tween demographic, clinical, and tumor characteristics. Overall
survival was defined as the length of time from the date of diag-
nosis of the cancer to the recorded date of death (from any
cause) or to the last date of follow-up for participants who were
alive on September 17, 2014. CRC-specific survival was calcu-
lated from the date of diagnosis to the date of death from CRC
or to the last date of follow-up (deaths from another cause were
censored). Kaplan-Meier curves and log-rank tests were used to
compare survival across groups of two or more TILs vs fewer
than two TILs, CLR vs no CLR, and MSI-H vs MSS/MSI-L as well
as to visualize survival stratified by MSI and stage. Cox propor-
tional hazards regression was performed to evaluate tumor
characteristics associated with CRC-specific and overall survival
in a multivariable setting. The assumption of proportional haz-
ards was tested using the cox.zph function in the R ‘survival’
package, and as expected, we appreciated some evidence of de-
parture because of our large sample size (29). All models were
adjusted for the study’s matching factors: age, sex, and Jewish
vs non-Jewish ethnicity. To assess the independent contribu-
tion of TILs and CLR, further analyses were additionally ad-
justed for known prognostic indicators including MSI, stage,
and grade. We also conducted Cox regression treating TIL/HPF
as a continuous variable. Among the 2369 with TIL and/or CLR
data available, 1484 (1337) patients were included in the fully
adjusted overall (CRC-specific) survival analyses because they
had complete data on mortality and all covariates. The distribu-
tions of TIL and CLR were not statistically significantly different
between included and excluded participants. Prediction models
for CRC-specific and overall mortality hazard ratios are detailed
in the Supplementary Material (available online). All analyses
used R version 3.1.0. P values reported for tests of statistical sig-
nificance are two-sided.

Results

This analysis included 2369 tumors from incident CRC patients
with data on clinicopathological characteristics, MSI status, and
survival. Representative images of TIL and CLR assay results are
shown in Supplementary Figure 1 (available online). The range
of TIL quantity observed in our study was 0-85 TIL/HPF, with a
mean of 2.3 (SD¼ 5.2) and a median of 0.6. Six hundred twenty-
one (26.2%) CRCs had TIL/HPF of 2 or more, 784 (33.1%) had a

prominent CLR, and 346 (14.6%) had an MSI-H phenotype.
Demographic characteristics of the study sample are described
in Table 1. The average age of the patients was 70.1 years, with
a range from 19 to 100 years (SD¼ 11.9). The median survival
was 76.2 months (SD¼ 54.9, range ¼ 0–196.9 months), and 57.2%
of the participants in this analysis were alive at 60 months.

Table 2 demonstrates that TIL status was highly associated
with stage (v2 ¼ 78.9, P< .001), grade (v2 ¼ 176.3, P< .001), and MSI-
H status (odds ratio [OR] ¼ 4.41, 95% confidence interval [CI] ¼ 3.42
to 5.69, P< .001). TILs were observed at a higher frequency in tu-
mors with a CLR (OR¼ 1.70, 95% CI¼ 1.35 to 2.14, P< .001) and in
colon tumors on the right side (OR¼ 2.10, 95% CI¼ 1.69 to 2.61,
P< .001). There were no statistically significant differences in TIL
status by age, sex, ethnicity, family history, or tumor site (data not
shown). Table 3 provides a detailed cross-tabulation of TIL and
CLR by MSI status. TIL and CLR are statistically significantly asso-
ciated among MSS/MSI-L cancers but not among MSI-H cancers,
likely because of the small sample size in this subset. The statisti-
cal interaction is not significant (P ¼ .86), indicating that the asso-
ciation between CLR and TIL does not differ by MSI status.

In a univariate analysis, tumors with TIL/HPF of 2 or greater
were associated with a statistically significant increase in CRC-
specific (HR¼ 0.53, 95% CI¼ 0.44 to 0.64, P< .001) and overall sur-
vival (HR¼ 0.75, 95% CI¼ 0.66, 0.84, P< .001) over tumors with
TIL/HPF of less than 2. Patients with a prominent CLR experi-
enced better CRC-specific (HR¼ 0.55, 95% CI¼ 0.47 to 0.65,
P< .001) and overall survival (HR¼ 0.69, 95% CI¼ 0.61 to 0.78,
P< .001) as compared with those without prominent peritu-
moral lymphoid aggregates. The MSI-H phenotype was associ-
ated with better CRC-specific (HR¼ 0.69, 95% CI¼ 0.55 to 0.86,
P¼ .001 but not overall survival (HR¼ 0.90, 95% CI¼ 0.77 to 1.04,
P¼ .14) as compared with MSS/MSI-L. Corresponding Kaplan-
Meier curves for CRC-specific survival are presented in Figure 1.

Kaplan-Meier plots of TIL of 2 or greater vs TIL of less than 2
and CLR vs no CLR stratified by MSI status indicate that these

Table 1. Demographic and tumor characteristics of Molecular
Epidemiology of Colorectal Cancer Study participants (n¼ 2369)

Demographic and tumor characteristics Frequency

Age, mean (SD), y 70.1 (11.9)
Survival, mean (SD), mo 79.9 (54.9)
Sex, No. (%)

Male 1202 (50.7)
Female 1167 (49.3)

Ethnicity, No. (%)
Jew 2053 (86.7)
Non-Jew 312 (13.2)

Family history of CRC (first-degree relative), No. (%) 151 (6.4)
Site, No. (%)

Colon 1902 (80.3)
Rectum 442 (18.7)
Other or missing 25 (1.1)

TIL/HPF*, No. (%)
�2 621 (26.2)
<2 1647 (69.5)

Crohn’s-like lymphoid reaction†, No. (%)
Yes 784 (33.1)
No 879 (37.1)

*T lymphocyte infiltration/high-powered field (TIL/HPF) was missing for 101

samples. CRC ¼ colorectal cancer.

†Crohn’s-like lymphoid reaction was missing for 706 samples where the ad-

vancing edge of the tumor was not present.
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host immune factors are associated with a survival advantage
in patients with both MSI-H and MSS/MSI-L tumors (Figure 2, A
and B). Further, Kaplan-Meier plots of TIL of 2 or greater vs TIL
of less than 2 and CLR vs no CLR stratified by stage demonstrate
that TILs and host response are important prognostic indicators
for every stage at diagnosis, with the exception of TILs in stage
IV cancers (Figure 2, C and D).

A Cox proportional hazards model including dichotomous
TIL status, CLR, MSI status, stage, grade, age, sex, and ethnicity
indicates that TILs, CLR, and stage are all associated with
better CRC-specific and overall survival (Table 4). The fitted
model for predicting mortality log-HR is described in detail
in the Supplementary Methods (available online). Also,
Supplementary Table 1 (available online) summarizes the distri-
bution of key variables for participants included and excluded
in the fully adjusted overall survival model. High TILs
(HR¼ 0.76, 95% CI¼ 0.64 to 0.89, P< .001) and a prominent CLR
(HR¼ 0.71, 95% CI¼ 0.62 to 0.80, P< .001) but not MSI were asso-
ciated with a statistically significant reduction in all-cause mor-
tality after adjustment for established prognostic factors.
Diagnosis at stage III or stage IV (HRstageIII ¼ 1.33, 95% CI¼ 1.10
to 1.62, P¼ .004; HRstageIV ¼ 5.31, 95% CI¼ 4.28 to 6.58, P< .001),
moderate differentiation (HR¼ 1.94, 95% CI¼ 1.50 to 2.52,
P< .001), and increasing age (HR¼ 1.04, 95% CI¼ 1.04 to 1.05,

P< .001) were associated with increased all-cause mortality. MSI
status was not statistically significantly associated with CRC-
specific or overall survival after adjustment for dichotomous
TIL status, host response status, and other established prognos-
tic indicators. Notably, when considering TIL quantity as a con-
tinuous rather than a dichotomous predictor in the context of
CLR, MSI, stage, grade, age, sex, and Jewish ethnicity, the HR as-
sociated with a one-unit increase in TIL/HPF for overall survival
was 0.97 (95% CI¼ 0.95 to 0.99, P< .001) and for CRC-specific sur-
vival was 0.96 (95% CI¼ 0.93 to 0.98, P¼ .002). Thus, each TIL/
HPF is associated with approximately a 3% to 4% reduction in
the risk of mortality, and the association remains highly statis-
tically significant (Supplementary Table 2, available online).

We also estimated disease-specific and overall mortality
hazard ratios upon stratification by stage, by tumor site (colon
vs rectum), and by side for colon cancers (30). The inverse asso-
ciation between TIL and CLR and survival was evident across all
stages (Supplementary Table 3, available online). The direction
of HR estimates for TIL/HPF and CLR was consistent with CRC
results for both colon and rectal cancers, and there was no sta-
tistically significant interaction between either immune-related
variable and site (Supplementary Table 4, available online).
The same was true for left- and right-sided colon cancers
(Supplementary Table 5, available online). MSI was a

Table 2. Tumor characteristics stratified by T lymphocyte infiltration status (n¼ 2268)

Tumor characteristics

Frequency (%)

OR (95% CI) P*TIL/HPF � 2 (n¼ 621) TIL/HPF < 2 (n¼ 1647)

Side†
Left 205 (33.0) 771 (46.8) –
Right 284 (45.7) 508 (30.8) 2.10 (1.69 to 2.61) <.001

Stage
I 113 (18.2) 135 (10.7) – <.001
II 233 (37.5) 511 (40.4) 0.54 (0.41 to 0.73)
III 99 (15.9) 383 (30.3) 0.31 (0.22 to 0.43)
IV 42 (6.8) 237 (18.7) 0.21 (0.14 to 0.32)

Grade
Well-differentiated 175 (28.2) 161 (9.8) – <.001
Moderately differentiated 346 (55.7) 1357 (82.4) 0.23 (0.18 to 0.30)
Poorly differentiated 97 (15.6) 124 (7.5) 0.72 (0.51 to 1.01)

Microsatellite instability
MSS/MSI-L 414 (66.7) 1417 (86.0) –
MSI-H 179 (28.8) 139 (8.4) 4.41 (3.42 to 5.69) <.001

Crohn’s-like lymphoid reaction
No 186 (30.0) 637 (38.7) –
Yes 245 (39.5) 494 (30.0) 1.70 (1.35 to 2.14) <.001

*Chi-square tests for independence. P values are two-sided. CI ¼ confidence interval; MSI ¼microsatellite instability; MSS/MSI-H ¼microsatellite-stable/microsatellite-

high; MSS/MSI-L ¼microsatellite-stable/microsatellite-low; OR ¼ odds ratio; TIL/HPF ¼ tumor infiltrating lymphocytes per high powered field.

†For colon cancers. Four hundred forty-two were rectal cancers, 53 were colon cancers with location not otherwise specified, one was a case with both right- and left-

sided cancers (excluded from subsequent side-specific analyses), and 25 were missing location.

Table 3. Cross-tabulation of T lymphocyte infiltration and Crohn’s-like lymphoid reaction by microsatellite instability status

CLR status

MSI-H (n¼ 346) MSS/MSI-L (n¼ 1902)

TIL/HPF � 2 TIL/HPF < 2 OR (95% CI) P* TIL/HPF � 2 TIL/HPF < 2 OR (95% CI) P*

CLR 71 40
1.52 (0.81 to 2.86) .21

157 431
1.43 (1.10 to 1.87) .007No CLR 42 36 144 567

*Chi-square tests for independence. P values are two-sided. CI ¼ confidence interval; CLR ¼ Crohn’s-like lymphoid reaction; MSI ¼microsatellite instability; MSS/MSI-H

¼ microsatellite-stable/microsatellite-high; MSS/MSI-L ¼ microsatellite-stable/microsatellite-low; OR ¼ odds ratio; TIL/HPF ¼ tumor infiltrating lymphocytes per high

powered field.
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statistically significant prognostic factor for only right-sided co-
lon cancers (Pinteraction ¼ .01).

Discussion

This study examined the role of intratumoral lymphocytic infil-
tration, Crohn’s-like host immune response at the tumor’s

advancing edge, MSI, and clinical characteristics in disease-
specific and overall survival following CRC diagnosis. The obser-
vations from this large collection of CRCs indicate that TILs and
a CLR are both prognostic indicators after adjusting for age, sex,
ethnicity, stage, grade, and MSI status. Further, our findings
suggest that the survival benefit of MSI is potentially attribut-
able to an enhanced immune response, which is not limited to
MSI-H tumors. Studies that stratify by MSI status are often

No. at risk Survival Time (months) 
  0 50 100 150 

TIL ≥ 2 539 364 248 87 
TIL < 2 1,449 781 523 171 

No. at risk Survival Time (months) 
  0 50 100 150 

CLR 694 442 312 91 
No CLR 799 389 255 122 

No. at risk Survival Time (months) 

A

  0 50 100 150 
MSI-H 296 189 122 33 

MSS/MSI-L 1,675 949 646 2 

B

C

Figure 1. Kaplan-Meier colorectal cancer (CRC)–specific survival curves by (A) microsatellite instability (MSI) status (Nsolid ¼ 296, events ¼ 85; Ndashed ¼ 1675, events ¼
664), (B) T lymphocyte infiltration (TIL) status (Nsolid ¼ 539, events ¼ 139; Ndashed ¼ 1449, events ¼ 619), and (C) Crohn’s-like lymphoid reaction (CLR) (Nsolid ¼ 692, events

¼ 215; Ndashed ¼ 799, events ¼ 385). MSI log-rank v2 ¼ 10.9, P< .001. TIL log-rank v2 ¼ 46.9, P< .001. CLR log-rank v2 ¼ 50.8, P< .001. All statistical tests were two-sided.

CLR ¼ Crohn’s-like reaction; MSI-H ¼ microsatellite instability–high; MSS/MSI-L ¼ microsatellite-stable/microsatellite-low; TIL ¼ tumor infiltrating lymphocytes per

high powered field.
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No. at risk Survival Time (months) 
051001050

TIL≥2 and MSS/MSI-L 362 246 177 65 
TIL≥2 and MSI-H 152 102 60 17 
TIL<2 and MSI-H 120 74 49 7 
TIL<2 and MSS/MSI-L 1,250 666 447 155 

No. at risk Survival Time (months) 
 0 50 100 150 
TIL≥2, Stage 1 91 77 53 24 
TIL<2, Stage 1 116 90 66 32 
TIL≥2, Stage 2 203 145 100 44 
TIL<2, Stage 2 443 288 198 86 
TIL≥2, Stage 3 96 57 37 17 
TIL<2, Stage 3 344 169 108 49 
TIL≥2, Stage 4 41 5 3 1 
TIL<2, Stage 4 231 35 9 2 

No. at risk Survival Time (months) 
051001050

CLR and MSS/MSI-L 547 345 247 111 
CLR and MSI-H 110 74 46 16 
No CLR and MSI-H 85 45 33 13 
No CLR and MSS/MSI-L 682 329 214 105 

No. at risk Survival Time (months) 
051001050

CLR, Stage 1 102 81 58 27 
No CLR, Stage 1 87 71 52 30 
CLR, Stage 2 303 225 165 76 
No CLR, Stage 2 273 171 113 57 
CLR, Stage 3 155 92 65 30 
No CLR, Stage 3 231 109 68 33 
CLR, Stage 4 77 16 5 1 
No CLR, Stage 4 141 13 4 1 

A B

C D

Figure 2. Kaplan-Meier colorectal cancer (CRC)–specific survival curves by (A) T lymphocyte infiltration (TIL) and microsatellite instability (MSI) status (Nblack ¼ 362,

events ¼ 95; Nblue ¼ 152, events ¼ 39; Ngreen ¼ 120, events ¼ 40; Nred ¼ 1250, events ¼ 541); (B) Crohn’s-like lymphoid reaction (CLR) and MSI status (Nblack ¼ 547, events

¼ 175; Nblue ¼ 110, events ¼ 30; Ngreen ¼ 85, events ¼ 23; Nred ¼ 682, events ¼ 346); (C) TIL status and stage (Npink ¼ 91, events ¼ 4; Npurple ¼ 116, events ¼ 19; Nmaroon ¼
203, events ¼ 40; Norange ¼ 443, events ¼ 129; Nblue ¼ 96, events ¼ 39; Ngreen ¼ 344, events ¼ 180; Nblack ¼ 41, events ¼ 36; Nred ¼ 231, events ¼ 208); and (D) CLR and stage

(Npink ¼ 102, events ¼ 8; Npurple ¼ 87, events ¼ 13; Nmaroon ¼ 303, events ¼ 61; Norange ¼ 273, events ¼ 86; Nblue ¼ 155, events ¼ 59; Ngreen ¼ 231, events ¼ 127; Nblack ¼ 77,

events ¼ 67; Nred ¼ 141, events ¼ 131). All statistical tests were two-sided. CLR ¼ Crohn’s-like reaction; MSI-H ¼microsatellite instability–high; MSS/MSI-L ¼microsatel-

lite-stable/microsatellite-low; TIL ¼ tumor infiltrating lymphocytes per high powered field.
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limited by sample size as MSI-H tumors account for only 10% to
15% percent of all CRCs. Here, we were able to take advantage of
a well-characterized, large population-based sample of CRCs
that provided the ability to comprehensively evaluate the
phenotype.

It is not entirely unexpected to find that TILs and CLR are
both prognostic indicators for CRC. The host immune response
has generally been correlated with the survival-associated MSI
phenotype (12,13), and several groups have established the rela-
tionship between TIL and MSI (14,31–35). Several studies have
indicated that TILs may be the best prognostic indicator overall
for CRC. Galon et al. (18) showed that immune cell characteris-
tics in CRCs have a better prognostic value than Union for
International Cancer Control Tumor, Node, and Metastases
(UICC-TNM) staging, but the cancers were not stratified by MSI
status. Further, Chang et al. (24) showed in 150 CRCs that lym-
phocytic infiltrate was associated with a survival benefit regard-
less of MSI status but did not note a survival difference between
MSI-H tumors with a host immune response and MSS tumors
with a host immune response. High overall and subtype-spe-
cific lymphocyte infiltration have been suggested as indepen-
dent prognostic factors for overall survival in a variety of other
cancers as well (36). Here we showed that the presence of TILs is
strongly associated with improved prognosis and then quanti-
fied the relationship to illustrate that each TIL/HPF is associated
with approximately a 3% to 4% reduction in the risk of
mortality.

With respect to Crohn’s-like lymphoid aggregation, previous
evidence has suggested its association with improved survival
(20–23). A recent study identified that high CLR density was as-
sociated with intratumoral density of T-cells as well as survival
independent of stage, peritumoral inflammation, and TIL quan-
tity (21). Another study by Ogino and colleagues demonstrated
that lymphocytic reaction score (comprised of Crohn’s-like reac-
tion, peritumoral reaction, intratumoral periglandular reaction,
and TILs) was associated with a statistically significant im-
provement in CRC-specific and overall survival (20). However,
when considering each component of the score separately, they
observed a statistically significant survival advantage for
Crohn’s-like reaction but not TILs (20).

The American Joint Committee on Cancer (AJCC) staging sys-
tem has not yet incorporated TILs or CLR (37,38). However,

results from our large sample suggest that these immune-re-
lated factors are both prognostic predictors beyond MSI status
and the standard stage and grade, and thus, provide evidence in
support of their consideration for inclusion. While high TIL/HPF
and CLR were clear prognostic indicators in this study, the stan-
dard methods for quantifying and characterizing them are
highly labor intensive and pathologist-dependent. Advanced
techniques for measuring and characterizing TILs and lymphoid
aggregates in a standardizable way will be necessary for wide-
spread clinical utility.

Despite our study’s considerable strengths, including a
population-based sampling frame, large sample size, and com-
prehensive molecular characterization, it is not without limita-
tions. First, because these data are not derived from an RCT,
there are limited data available for treatment and uniform pa-
tient follow-up for recurrence. This limitation is attenuated by
the representative population-based sampling procedures that
minimize selection bias; nonetheless, this is an observational
study. Second, immunohistochemistry data for CD4þ, CD8þ and
FoxP3þwere not available, and thus, we could not examine with
more granularity than overall quantity the types of infiltrating
T-cells that are important for survival. Third, we did not assess
treatment patterns or all classical epidemiologic factors that
have previously been noted as potential prognostic factors.
Evidence supports potential roles for BMI (39), smoking (40), as-
pirin (41,42), metformin (43), and racial/ethnic differences par-
tially attributable to variable KRAS/BRAF mutation rates (11,44),
among other factors. Finally, it is important to note that the
standard of care has changed considerably since the inception
of the study.

In summary, this large study of incident CRCs identified TILs
and CLR as prognostic factors above and beyond the influences
of stage, grade, and MSI, and it provides strong evidence in sup-
port of their consideration in staging guidelines.
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Table 4. Adjusted hazard ratio estimates for overall and colorectal cancer–specific mortality from multivariable Cox proportional hazards re-
gression in the Molecular Epidemiology of Colorectal Cancer Study

Variable

Overall survival (n¼ 1484) CRC-specific survival (n¼ 1337)

HR (95% CI) P† HR (95% CI) P†

TIL/HPF (�2 vs< 2) 0.76 (0.64 to 0.89) <.001 0.66 (0.52 to 0.84) <.001
Crohn’s-like lymphoid reaction(yes vs no) 0.71 (0.62 to 0.80) <.001 0.65 (0.54 to 0.78) <.001
MSI (MSI-H vs MSS/MSI-L) 0.91 (0.73 to 1.13) .41 0.77 (0.56 to 1.06) .10
Stage II* 0.99 (0.83 to 1.19) .95 1.12 (0.83 to 1.53) .46
Stage III* 1.33 (1.10 to 1.62) .004 2.10 (1.56 to 2.84) <.001
Stage IV* 5.31 (4.28 to 6.58) <.001 9.24 (6.79 to 12.58) <.001
Grade 2 (moderately differentiated)* 1.94 (1.50 to 2.52) <.001 2.67 (1.87 to 3.81) <.001
Grade 3 (poorly differentiated)* 0.96 (0.79 to 1.17) .67 1.11 (0.82 to 1.52) .49
Age 1.04 (1.04 to 1.05) <.001 1.02 (1.01 to 1.03) <.001
Female sex* 0.95 (0.84 to 1.08) .46 1.10 (0.93 to 1.30) .28
Jewish ethnicity* 0.87 (0.71 to 1.07) .18 0.83 (0.65 to 1.07) .15

*Reference categories: stage I, grade 1 (well-differentiated), male sex, non-Jewish ethnicity. CI ¼ confidence interval; HPF ¼ high-powered field; HR ¼ hazard ratio;

MSI-H ¼microsatellite instability–high; MSS/MSI-L ¼microsatellite-stable/microsatellite-low; TIL ¼ tumor infiltrating lymphocyte.

†P value from multivariable Cox regression adjusted for all other variables in the table. P values are two-sided.
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