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Lymphocytic Reaction to Colorectal Cancer Is Associated
with Longer Survival, Independent of Lymph Node
Count, Microsatellite Instability, and CpG Island
Methylator Phenotype
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Purpose: Host immune response to tumor may be an important prognostic factor for
colon cancer patients. However, little is known on prognostic significance of histopathologic lymphoid reaction to tumor, independent of the number of lymph nodes examined and tumoral molecular alterations, including microsatellite instability (MSI) and
the CpG island methylator phenotype (CIMP), both of which are associated with lymphocytic reaction and clinical outcome.
Experimental Design: Using 843 colorectal cancer patients in two independent prospective cohorts, we examined patient prognosis in relation to four components of
lymphocytic reaction (i.e., Crohn's-like reaction, peritumoral reaction, intratumoral
periglandular reaction, and tumor-infiltrating lymphocytes) and overall lymphocytic
score (0-12). CIMP was determined using eight markers including CACNA1G,
CDKN2A (p16), CRABP1, IGF2, MLH1, NEUROG1, RUNX3, and SOCS1. Cox proportional hazard models computed hazard ratio for mortality, adjusted for covariates including tumor stage, body mass index, lymph node count, KRAS, BRAF, p53,
cyclooxygenase-2 (PTGS2), MSI, CIMP, and LINE-1 methylation.
Results: Increasing overall lymphocytic reaction score including tumor-infiltrating
lymphocytes was associated with a significant improvement in colorectal cancer–
specific and overall survival (log-rank P < 0.003). These findings remained significant (adjusted hazard ratio estimates, 0.49-0.71; Ptrend < 0.009) in multivariate models
that adjusted for covariates, including body mass index, MSI, CIMP, LINE-1 hypomethylation, and cyclooxygenase-2. The beneficial effect of tumoral lymphocytic
reaction was consistent across strata of clinical, pathologic, and molecular
characteristics.
Conclusions: Lymphocytic reactions to tumor were associated with improved prognosis among colorectal cancer patients, independent of lymph node count and other
clinical, pathologic, and molecular characteristics. (Clin Cancer Res 2009;15(20):
6412–20)
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Abstract

Lymphocytic Reaction and Prognosis in Colorectal Cancer

patients identified in two independent prospective cohort studies. Because we concurrently assessed the number of recovered
lymph nodes as well as related molecular variables such as MSI,
CIMP, BRAF mutation, and long interspersed nucleotide element-1 (LINE-1) hypomethylation, we could evaluate the effect
of lymphocytic reaction to tumor, independent of these potential confounders.

Translational Relevance
Host immune response to tumor is an important
prognostic factor in colorectal cancer. However, little
is known on prognostic significance of lymphocytic
reaction to tumor, independent of the number of
lymph nodes and tumoral molecular alterations (including microsatellite instability and the CpG island
methylator phenotype). We have used the database
of 843 colorectal cancers in two independent cohort
studies, with available clinical information, adequate
follow-up, and important molecular events in colon
cancers. To our knowledge, this is the first large study
to show the influence of lymphocytic reaction on
clinical outcome independent of lymph node count
and molecular features including BRAF mutation,
microsatellite instability, CpG island methylator phenotype, and long interspersed nucleotide element-1
hypomethylation, all of which are potential confounders. Lymphocytic reaction can be readily evaluated
in routine pathology practice. Moreover, stimulating
host immune response is a promising therapeutic
strategy. Thus, our findings are relevant to practice
in oncology.

Materials and Methods
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Greater lymphocytic reaction to colorectal cancer observed by
pathologic examination has been associated with longer patient
survival (1–6). However, the true nature of this association and
the exact mechanisms underlying it remain uncertain. Lymphocytic reaction may be an indicator of host immune response to
tumor cells, leading to improved survival. Specific subsets of infiltrating lymphocytes (e.g., CD57 + , CD8 + , CD45RO + , or
FOXP3+ cells) have been associated with improved clinical outcome in colorectal cancer (7–12). In addition, immune reaction
to tumor may cause enlargement of lymph nodes, which may
contribute to an increase in the number of recovered lymph
nodes and thereby more accurate staging of colorectal cancer.
In fact, lymphocytic reaction to colorectal cancer has been associated with an increase in the recovered node count (13), which
has, in turn, consistently been associated with improved patient
survival in colorectal cancer (13–18). Alternatively, lymphocytic
reaction to tumor may reflect specific tumoral molecular alterations associated with indolent tumor behavior. Indeed, studies
have shown that lymphocytic reaction to colorectal cancer
is associated with microsatellite instability (MSI-high; refs.
19–21) and the CpG island methylator phenotype (CIMP;
ref. 22). Studies have suggested that truncated peptides, which
are produced by MSI and frameshift mutations, may be immunogenic and contribute to host immune response (23, 24). Because lymphocytic reaction, lymph node count, MSI, and
CIMP have all been associated with prognosis (13–18, 25,
26), all of these variables can confound each other in survival
analysis. To assess a prognostic role of lymphocytic reaction independent of lymph node count and tumoral molecular features, it is necessary to examine the lymph node count and
tumoral molecular features.
We therefore examined the prognostic significance of lymphocytic reaction to tumor in 843 stage I to IV colorectal cancer

Study population. We used the databases of two independent prospective cohort studies: the Nurses' Health Study (N = 121,701 women
followed since 1976) and the Health Professionals Follow-up Study
(N = 51,529 men followed since 1986; ref. 27). Every 2 years, participants were sent follow-up questionnaires to identify newly diagnosed
cancer in themselves and their first-degree relatives. When a participant
reported colorectal cancer, study physicians reviewed medical records as
well as recorded tumor-node-metastasis stage, tumor location, and the
number of positive and negative lymph nodes. We collected paraffinembedded tissue blocks from hospitals where patients underwent
tumor resections (27). We excluded cases preoperatively treated with
radiation and/or chemotherapy. Based on the availability of tissue specimens for pathologic analyses, we included a total of 843 stage I to IV
colorectal cancer cases diagnosed up to 2002 (Table 1). Patients were
observed until death or June 30, 2006, whichever came first. Ascertainment of deaths included reporting by the family or postal authorities.
In addition, the names of persistent nonresponders were searched in
the National Death Index. We identified >98% of deaths in the cohorts
by these methods. The cause of death was assigned by physicians
unaware of tumoral pathologic or molecular data. Written informed
consent was obtained from all study subjects. This study was approved
by the Human Subjects Committees at Brigham and Women's Hospital
and the Harvard School of Public Health.
Histopathologic evaluations. Tissue sections from all colorectal cancer cases were examined by a pathologist (S.O.) unaware of other data.
Of the 843 tumors, ≥3 tumor tissue blocks were available in 284 cases,
2 in 297 cases, and 1 in the remaining 262 cases. Tumor grade was categorized as high or low (≤50% versus >50% glandular area). Four components of lymphocytic reactions [Crohn's-like lymphoid reaction,
peritumoral lymphocytic reaction, intratumoral periglandular reaction,
and tumor-infiltrating lymphocytes (TIL)] were examined (Fig. 1).
Crohn's-like reaction was defined as transmural lymphoid reaction.
Peritumoral lymphocytic reaction was defined as discrete lymphoid reactions surrounding tumor. Intratumoral periglandular reaction was defined as lymphocytic reaction in tumor stroma within tumor mass. TIL
was defined as lymphocytes on top of cancer cells. For any given tumor,
each of the four lymphocytic reaction components was scored as 0 (absent), 1+ (mild), 2+ (moderate), or 3+ (marked). The overall lymphocytic reaction score (0-12) was the sum of scores for the above four
reaction components. Due to a skewed distribution of the lymphocytic
scores (Supplementary Table S1), the majority of cases were in the
group of scores 0 to 2. Most of them had a score of 2. Thus, the reference group (i.e., low score) was set as those with scores 0 to 2, which
provided the robust reference group. We divided non–low-score cases
into two groups because of a wide range of scores from 3 to 12. We set
the cutoff between middle and high groups as ≤6 versus ≥7 because it
was in the middle of the total score of 12. A random selection of 398
cases were reexamined by a second pathologist (J.N.G.) unaware of other
data, and the correlation on the lymphocytic scores between the two
pathologists was good (Spearman correlation r = 0.65, P < 0.0001; κ =
0.55 for score <3 versus ≥3, P < 0.0001). Kappa coefficients between the
lymphocytic scores by the two pathologists for additional cutoffs were
as follows: 0.49 for <2 versus ≥2; 0.53 for <4 versus ≥4; 0.46 for <5 versus
≥5; 0.50 for <6 versus ≥6; 0.49 for <7 versus ≥7; 0.55 for <8 versus ≥8;
0.57 for <9 versus ≥9; and 0.47 for <10 versus ≥10.
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Table 1. Clinical, pathologic, and molecular features according to lymphocytic reactions to colorectal cancer
Clinical or molecular feature

All cases,
n (%)

P

0-2

3-6

7-12

549

230

64

240 (44)
309 (56)
65.8 ± 8.4

90 (39)
140 (61)
66.8 ± 8.1

31 (48)
33 (52)
69.1 ± 7.8

0.32

425 (83)
90 (17)

185 (85)
33 (15)

53 (87)
8 (13)

0.56

411 (75)
138 (25)

178 (77)
52 (23)

48 (75)
16 (25)

0.75

105 (19)
381 (69)
63 (11)

37 (16)
164 (71)
29 (13)

6 (9.4)
53 (83)
5 (7.8)

0.20

206 (38)
185 (34)
158 (29)

131 (57)
65 (28)
34 (15)

44 (69)
17 (27)
3 (4.7)

<0.0001

0.002

129 (24)
139 (25)
150 (27)
95 (17)
36 (6.6)

44
76
74
21
15

(19)
(33)
(32)
(9.1)
(6.5)

14 (22)
27 (42)
18 (28)
2 (3.1)
3 (4.7)

0.002

62 (14)
76 (17)
162 (37)
138 (32)

14 (7.3)
24 (13)
67 (35)
87 (45)

4 (7.1)
5 (8.9)
16 (29)
31 (55)

0.0007

99 (23)
92 (21)
138 (32)
109 (25)

27
25
70
70

(14)
(13)
(36)
(36)

5 (8.9)
8 (14)
15 (27)
28 (50)

<0.0001

515 (95)
28 (5.2)

200 (87)
30 (13)

40 (63)
24 (37)

<0.0001

503 (94)
31 (5.8)

169 (74)
59 (26)

30 (47)
34 (53)

<0.0001

488 (93)
34 (6.5)
60.4 ± 9.5

165 (73)
61 (27)
62.3 ± 8.6

32 (50)
32 (50)
63.8 ± 10.7

<0.0001

479 (91)
49 (9.3)

178 (81)
43 (19)

42 (68)
20 (32)

<0.0001

346 (64)
195 (36)

135 (59)
92 (41)

47 (73)
17 (27)

0.11

271 (50)
267 (50)

150 (66)
77 (34)

50 (78)
14 (22)

<0.0001

74 (14)
470 (86)

50 (22)
179 (78)

12 (19)
52 (81)

0.015

0.001

NOTE: Percentages in parentheses indicate the proportion of tumors with a specific clinical, pathologic, or molecular feature in all patients or
patients with a specific category of lymphocytic reactions.
Abbreviations: HPFS, Health Professionals Follow-up Study; MSS, microsatellite stable; NHS, Nurses' Health Study; AJCC, American Joint Committee on Cancer.
*Overall lymphocytic reaction score is the sum of scores for Crohn's-like reaction (0-3), peritumoral reaction (0-3), intratumoral periglandular
reaction (0-3), and TIL (0-3).
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Total, n
843
Sex
Male (HPFS)
361 (43)
Female (NHS)
482 (57)
Mean age (y) ± SD
66.3 ± 8.3
Body mass index (kg/m2)
<30
663 (84)
≥30
131 (16)
Family history of colorectal cancer in first-degree relative(s)
(-)
637 (76)
(+)
206 (24)
Year of diagnosis
Prior to 1990
148 (18)
1990-1999
598 (71)
2000-2002
97 (12)
Tumor location
Proximal (cecum to transverse)
381 (45)
Distal colon (splenic flexure to sigmoid)
267 (32)
Rectum
195 (23)
AJCC tumor stage
I
187 (22)
II
242 (29)
III
242 (29)
IV
118 (14)
Unknown
54 (6.4)
No. of lymph nodes examined
0-3
80 (12)
4-6
105 (15)
7-12
245 (36)
≥13
256 (37)
No. of negative lymph nodes
0-3
131 (19)
4-6
125 (18)
7-12
223 (33)
≥13
207 (30)
Tumor grade
Low
755 (90)
High
82 (9.8)
MSI
MSI-low/MSS
702 (85)
MSI-high
124 (15)
CIMP
CIMP-low/0
685 (84)
CIMP-high
127 (16)
Mean LINE-1 methylation (%) ± SD
61.2 ± 9.4
BRAF mutation
(-)
699 (86)
(+)
112 (14)
KRAS mutation
(-)
528 (63)
(+)
304 (37)
p53 expression
(-)
471 (57)
(+)
358 (43)
COX-2 expression
(-)
136 (16)
(+)
701 (84)

Overall lymphocytic reaction score,* n (%)
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Fig. 1. Lymphocytic reaction to colorectal cancer and survival of stage I to IV colorectal cancer patients. A, Crohn's-like reaction (open arrowheads) and
peritumoral reaction (arrows; original magnification, ×20). B, peritumoral reaction (arrows) and intratumoral periglandular reaction (open block arrows;
original magnification, ×40). C, intratumoral periglandular reaction (open block arrows) and TIL (solid arrowheads; original magnification, ×400). D, TIL
(solid arrowheads; original magnification, ×400). E, Kaplan-Meier curves for colon cancer–specific survival (top) and overall survival (bottom) with the
numbers of at-risk individuals, according to the overall lymphocytic reaction score (L score). F, smoothing spline plots of HR for colorectal cancer–specific
mortality (left) and overall mortality (right) according to lymphocytic reaction score (with score 0 as a reference). Hatched lines, 95% confidence interval.

Pyrosequencing of KRAS and BRAF and MSI analysis. DNA from
paraffin-embedded tissue was extracted, and PCR and pyrosequencing
targeted for KRAS codons 12 and 13 (28) and BRAF codon 600 (29)
were done. MSI status was determined using microsatellite markers,
D2S123, D5S346, D17S250, BAT25, BAT26, BAT40, D18S55, D18S56,
D18S67, and D18S487 (i.e., 10-marker panel; ref. 30). MSI-high was

www.aacrjournals.org

defined as the presence of instability in ≥30% of the markers, and
MSI-low/microsatellite stability (MSS) as no or <30% unstable markers.
Real-time PCR for CpG island methylation and pyrosequencing to
measure LINE-1 methylation. Sodium bisulfite treatment on tumor
DNA and subsequent real-time PCR (MethyLight) assays were validated
and done as previously described (31). We quantified promoter
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mor grade (0.7%), MSI (2.0%), CIMP (3.7%), KRAS (1.3%), BRAF
(3.8%), p53 (1.7%), and COX-2 (0.7%)], we included those cases in a
majority category to minimize the number of variables in multivariate
Cox models. We confirmed that excluding cases with missing information in any of the covariates did not substantially alter the results (data
not shown). An interaction was assessed by including the cross product of
the ordinal lymphocytic score variable and another variable of interest
in a multivariate Cox model, and P values for interaction were conservatively interpreted, considering multiple hypothesis testing.

Results
Lymphocytic reaction to colorectal cancer. We examined lymphocytic reaction by light microscopy in 843 stage I to IV colorectal cancers identified in the two prospective cohort studies.
We scored Crohn's-like reaction, peritumoral reaction, intratumoral periglandular reaction, and TIL as 0 (absent), 1+ (mild),
2+ (moderate), or 3+ (strong). Then, we calculated overall lymphocytic reaction score (0-12) as the sum of scores for the four
components. As shown in Table 1, tumors with middle (score
3-6) to high (score 7-12) lymphocytic scores were associated
with older age, proximal location, larger negative node count,
stages I to III, high tumor grade, MSI-high, CIMP-high, LINE-1
hypermethylation, BRAF mutation, and negative p53 (all
P < 0.003).
Overall lymphocytic reaction score and colorectal cancer
survival. We examined patient survival according to the overall
lymphocytic reaction score. There were a total of 373 deaths including 225 colorectal cancer–specific deaths. Five-year colorectal cancer–specific survival was 73% among patients with a score
of 0 to 2, 83% among patients with a score of 3 to 6, and 89%
among patients with a score of 7 to 12 (log-rank P < 0.0001), and
5-year overall survival was 67% among patients with a score of 0
to 2, 77% for a score of 3 to 6, and 88% for a score of 7 to 12 (logrank P = 0.002; Fig. 1E).
We examined the possibility of a nonlinear relation between
the lymphocytic reaction score and survival, nonparametrically
with restricted cubic splines (Fig. 1F). This flexible method
allowed us to examine the relation with survival without any
categorization of the lymphocytic reaction score. Increasing
lymphocytic reaction score was associated with a progressive
decrease in mortality.
In multivariate Cox regression analyses, overall lymphocytic
reaction score was associated with a significant improvement in
colorectal cancer–specific and overall survival (Ptrend = 0.008
and Ptrend = 0.002, respectively; Table 2). The attenuation of effect of lymphocytic reaction score on colorectal cancer–specific
survival in the multivariate analysis was principally due to adjustment for tumor stage. A high lymphocytic reaction score
was inversely associated with stage IV (Table 1). No other major
confounders were identified.
Each lymphocytic reaction component and colorectal cancer
survival. We examined patient survival according to each of
the four lymphocytic reaction components (Fig. 2). All components of the lymphocytic reactions were associated with improved colorectal cancer–specific survival (long-rank P < 0.014).
We examined the prognostic significance of each component in
stage-adjusted and multivariate Cox models (Table 3). Crohn'slike reaction, peritumoral reaction, and periglandular reaction
seemed to be associated with long cancer-specific survival in
multivariate analysis (Ptrend < 0.053; Table 3).
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methylation in eight CIMP-specific genes (CACNA1G, CDKN2A,
CRABP1, IGF2, MLH1, NEUROG1, RUNX3, and SOCS1; refs. 32–34).
CIMP-high was defined as ≥6 of 8 methylated promoters using the
eight-marker CIMP panel, and CIMP-low/0 as 0 to 5 methylated promoters, according to the previously established criteria (33). To accurately quantify relatively high LINE-1 methylation levels, we used
pyrosequencing as previously described (35, 36).
Immunohistochemistry for p53 and cyclooxygenase-2. Tissue microarrays were constructed (37). p53 (38) and cyclooxygenase-2 (COX-2)
immunohistochemistry was done as previously described (27, 30). Appropriate positive and negative controls were included in each run of
immunohistochemistry. All immunohistochemically stained slides
were interpreted by a pathologist (S.O.) unaware of other data. A random sample of 118 and 108 tumors were reexamined for p53 and
COX-2, respectively, by a second observer (p53 by K.N., and COX-2
by R. Dehari, Kanagawa Cancer Center) unaware of other data, and
the concordance between the two observers was substantial (κ = 0.75,
P < 0.0001, for p53; and κ = 0.62, P < 0.0001, for COX-2).
Statistical analysis. All analyses used SAS version 9.1 (SAS Institute)
and all P values were two-sided. The χ2 test was used to assess an association between categorical variables. The ANOVA was done to compare mean age and mean LINE-1 methylation level across the three
lymphocytic categories. The κ coefficients were calculated to assess
agreements between the two observers for lymphocytic reaction scores
and immunohistochemical data.
In the analysis of colorectal cancer–specific survival, death as a result
of colorectal cancer was the primary end point, and deaths as a result of
other causes were censored. The Kaplan-Meier method was used to describe the distribution of survival time, and the log-rank test was done.
We used stage-matched (stratified) Cox proportional hazard models to
calculate hazard ratio (HR) of death according to lymphocytic reaction,
adjusted for age at diagnosis (continuous), sex, year of diagnosis
(continuous), body mass index (≥30 versus <30 kg/m2), family history
of colorectal cancer in any first-degree relative (present versus absent),
tumor location (proximal versus distal colon versus rectum), tumor
grade (high versus low), negative lymph node count (ordinal categories; 0-3, 4-6, 7-12, and ≥13), MSI (high versus low/MSS), CIMP (high
versus low/0), LINE-1 methylation (continuous), KRAS, BRAF, p53,
and COX-2. Tumor stage (I, IIA, IIB, IIIA, IIIB, IIIC, IV, unknown)
was used as a matching (stratifying) variable (using the “strata” option
in the SAS “proc phreg” command) to minimize residual confounding;
this fine tumor staging also included information on the number of
positive lymph nodes. When we included all of the four lymphocytic
reaction components (Crohn's-like reaction, peritumoral reaction, periglandular reaction, and TIL) in multivariate Cox models, these four
variables were collinear with each other. Spearman correlation coefficients among these four variables are shown in Supplementary Table S2.
Thus, we analyzed each of the four components separately in Cox models. In the summary analysis, we used overall lymphocytic reaction
score (0-12; the sum of scores for the four components). We classified
tumors into three categories [overall reaction score 0-2 (low) versus 3-6
(middle) versus 7-12 (high)]. We examined the possibility of a nonlinear relation between the lymphocytic reaction score and survival, nonparametrically with restricted cubic splines. In addition, we added
squared term of lymphocytic score and/or cubic term of lymphocytic
score in a multivariate model, and we did not observe any significant
improvement in model fitting (all P > 0.5 by likelihood ratio tests).
Nonetheless, our data presentations were mainly based on categorized
groups according to the lymphocytic score because categorized data
were easily understandable. In the Cox regression analyses, the proportionality of hazards assumption was satisfied by evaluating time-dependent
variables, which were the cross-product of the ordinal lymphocytic score
variable and survival time (P = 0.084 for colorectal cancer–specific survival; P = 0.18 for overall survival). For cases with missing information
on the negative lymph node count, we assign a separate (“missing”)
indicator variable. For cases with missing information in other categorical covariates [including body mass index (5.8% missing), tu-
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Table 2. Lymphocytic reaction score and survival of patients with stage I to IV colorectal cancer
Overall
Total,
lymphocytic n (%)
reaction
score*

Colorectal cancer–specific survival

Overall survival

Deaths/
Univariate
StageMultivariate Deaths/
Univariate
StageMultivariate
person- HR (95% CI)
matched
HR (95% CI) person- HR (95% CI)
matched
HR (95% CI)
years
HR (95% CI)
years
HR (95% CI)

0-2 (low)
549 (65) 175/4,323 1 (reference) 1 (reference) 1 (reference) 268/4,323 1 (reference) 1 (reference) 1 (reference)
3-6 (middle) 230 (27) 43/1,945
0.55
0.64
0.61
88/1,945
0.73
0.80
0.71
(0.39-0.76)
(0.45-0.90)
(0.42-0.89)
(0.57-0.93)
(0.62-1.02)
(0.54-0.93)
7-12 (high)
64 (7.6)
7/542
0.31
0.60
0.53
17/542
0.50
0.74
0.49
(0.15-0.66)
(0.28-1.30)
(0.23-1.23)
(0.31-0.82)
(0.45-1.23)
(0.28-0.86)
P for trend
<0.0001
0.008
0.008
0.0004
0.050
0.002

Stratified analysis of lymphocytic reaction score and survival.
We further examined whether the prognostic influence of
the lymphocytic reaction score was modified by any of the
other patient and tumoral features (Supplementary figure).
The prognostic effect of the lymphocytic reaction score was

not significantly modified by any of the variables examined
(all Pinteraction > 0.30). Notably, the effect of the lymphocytic
reaction score did not significantly differ across tumor stages
(Pinteraction = 0.32) or between the two independent cohort
studies (Pinteraction = 0.73).

Fig. 2. Kaplan-Meier survival curves for colon cancer–specific survival (left) and overall survival (right) according to each of the four components of
lymphocytic reactions to stage I to IV colorectal cancer: Crohn's-like reaction (A), peritumoral reaction (B), intratumoral periglandular reaction (C), and TIL (D).
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NOTE: The multivariate, stage-matched Cox regression model included age, year of diagnosis, sex, family history of colorectal cancer, tumor
location, tumor grade, negative lymph node count, KRAS, BRAF, p53, LINE-1 methylation, MSI, and CIMP.
Abbreviation: 95% CI, 95% confidence interval.
*Overall lymphocytic reaction score is the sum of scores for Crohn's-like reaction (0-3), peritumoral reaction (0-3), intratumoral periglandular
reaction (0-3), and TIL (0-3).
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Discussion

Table 3. Lymphocytic reaction component and survival in stage I to IV colorectal cancer
Lymphocytic
reaction

Total, n

Colorectal cancer–specific survival
Deaths/
personyears

Crohn's-like reaction*
0
613
188/4,778
1+
168
29/1,479
2-3+
62
8/553
P for trend
Peritumoral reaction*
0
43
23/292
1+
707
192/5,749
2-3+
93
10/769
P for trend
Intratumoral periglandular reaction*
0
37
20/231
1+
709
194/5,785
2-3+
97
11/794
P for trend
TIL*
0
624
180/5,054
1+
123
32/958
2-3+
96
13/798
P for trend

Overall survival

Stagematched
HR (95% CI)

Multivariate
HR (95% CI)

Deaths/
personyears

Stagematched
HR (95% CI)

Multivariate
HR (95% CI)

1 (reference)
0.66 (0.42-0.98)
0.58 (0.28-1.20)
0.020

1 (reference)
0.77 (0.50-1.18)
0.53 (0.25-1.12)
0.052

292/4,778
61/1,479
20/553

1 (reference)
0.77 (0.58-1.02)
0.76 (0.48-1.21)
0.059

1 (reference)
0.80 (0.59-1.09)
0.51 (0.31-0.86)
0.007

1 (reference)
0.69 (0.44-1.09)
0.40 (0.19-0.87)
0.017

1 (reference)
0.72 (0.45-1.15)
0.38 (0.17-0.86)
0.019

29/292
317/5,749
27/769

1 (reference)
0.78 (0.52-1.16)
0.64 (0.37-1.13)
0.12

1 (reference)
0.76 (0.50-1.16)
0.48 (0.27-0.87)
0.014

1 (reference)
0.69 (0.43-1.12)
0.43 (0.20-0.93)
0.028

1 (reference)
0.65 (0.39-1.08)
0.37 (0.17-0.84)
0.016

25/231
320/5,785
28/794

1 (reference)
0.71 (0.47-1.09)
0.60 (0.34-1.05)
0.093

1 (reference)
0.67 (0.43-1.04)
0.42 (0.23-0.78)
0.005

1 (reference)
0.87 (0.59-1.27)
0.80 (0.45-1.42)
0.32

1 (reference)
0.81 (0.53-1.22)
0.72 (0.37-1.40)
0.20

290/5,054
51/958
32/798

1 (reference)
0.88 (0.65-1.19)
0.99 (0.68-1.44)
0.67

1 (reference)
0.77 (0.56-1.07)
0.73 (0.47-1.13)
0.066

NOTE: The multivariate, stage-matched Cox regression model included age, year of diagnosis, sex, family history of colorectal cancer, tumor
location, tumor grade, negative lymph node count, KRAS, BRAF, p53, LINE-1 methylation, MSI, CIMP, and each of the lymphocytic reaction
components listed in the table.
*The score represents reaction as follows: 0 (absent); 1+ (mild); 2+ (moderate); 3+ (strong).
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We examined the prognostic significance of lymphocytic reaction to tumor in a population of stage I to IV colorectal cancer
patients who were concurrently assessed for other clinical and
molecular predictors of patient outcome. We observed a significant relation between lymphocytic reaction and patient survival,
independent of patient characteristics and other related molecular variables including the number of lymph nodes, p53, KRAS,
BRAF, MSI, CIMP, and LINE-1 hypomethylation. Although each
of the four components of lymphocytic reactions (Crohn's-like
reaction, peritumoral reaction, intratumoral periglandular
reaction, and TIL) seemed to predict longer survival of patients,
the association with survival was most robust when overall
lymphocytic score was used. Our results may support the role
of the host immune reaction to tumor as an independent
prognostic factor among colorectal cancer patients. The four
components of lymphocytic reactions can be assessed on
routine histopathologic examination of resected colorectal
cancer, and an evaluation of these features can be implemented
in clinical practice. Our study also supports the use of immune
cells as potential cancer treatment. The stimulation of immune
response has a number of theoretical advantages over other
forms of cancer therapy (1). Immune cells can direct to antigen-expressing tumor cells wherever they are located in the
body and can proliferate until all tumor cells are eradicated.
Immunologic memory can be generated for surveillance against
any tumor recurrence (1). Finally, targeting host immune cells
may avoid the emergence of resistance mutations that are
commonly observed during targeted treatment against molecules
within cancer cells.

Examining prognostic and predictive factors is important
in cancer research (39–45). Lymphocytic reaction to colorectal
cancer has been associated with longer survival in colorectal
cancer (2–6, 8). However, the mechanism underlying the survival advantage associated with lymphocytic reaction to tumor
remains uncertain. Lymphocytic reaction may be an indicator
of host immune response to tumor cells, leading to improved
survival (7, 46). In addition, immune response may cause enlargement of lymph nodes, which may contribute to an increase
in the recovered lymph node count and thereby more accurate
staging of colorectal cancer. In fact, lymphocytic reaction to colorectal cancer has been associated with an increased lymph
node count (13), and lymph node count has consistently been
associated with improved survival of colorectal cancer patients
(13–18). Alternatively, lymphocytic reaction to tumor may reflect specific tumoral molecular alterations associated with indolent tumor behavior. Tumoral lymphocytic reaction has been
associated with MSI-high (19, 47), which, in turn, is associated
with longer patient survival (25). Recent studies have further
shown that MSI-high in colorectal cancer is associated with
CIMP, BRAF mutation (33, 48), and high LINE-1 methylation
level (35), and all of these factors (MSI, CIMP, BRAF mutation
and LINE-1 methylation) have been independently related with
prognosis of colon cancer patients (26, 36, 49). Therefore, numerous pathologic and molecular features (lymph node count,
MSI, CIMP, BRAF mutation, and LINE-1 methylation) could account for the beneficial effect of lymphocytic reaction to tumor.
However, none of the previous studies of lymphocytic reaction
and patient survival has comprehensively examined the aforementioned molecular features in colorectal cancer beyond MSI.
In our analysis, the benefit associated with higher tumoral
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able in these cohorts. Nonetheless, given that the median survival for metastatic colon cancer was approximately 10 to
12 months during much of the time period of this study, colorectal cancer–specific survival should be a reasonable surrogate for cancer-specific outcomes.
There are advantages in using the database of the two independent prospective cohort studies, the Nurses' Health Study
and the Health Professionals Follow-up Study, to examine
prognostic significance of lymphocytic reaction and its interactions with tumoral and host factors. Anthropometric measurements, family history, other clinical information, pathologic
and tumor staging data, and tumoral molecular features were
prospectively collected blinded to patient outcome. Cohort
participants who developed cancer were treated at hospitals
throughout the United States, and thus more representative
of colorectal cancers in the general U.S. population than patients in a single to several hospitals. There were no demographic difference between cases with tumor tissue analyzed
and those without tumor tissue analyzed (27). Lymphocytic
reaction to colorectal cancer was examined by the single study
pathologist, and a subset of cases were reexamined by a second pathologist for the agreement study. Finally, our rich tumor database enabled us to simultaneously assess pathologic
and tumoral molecular features and control for confounding
by a number of tumoral molecular alterations. None of the
previous studies on lymphocytic reactions and patient outcome has examined as many molecular variables as we did
in this study.
In summary, our large cohort study suggests that lymphocytic
reaction to tumor is associated with longer survival of colorectal
cancer patients, independent of other clinical, pathologic, and
tumoral molecular characteristics. Our data suggest a possible
role of host immune response as an independent prognostic
factor in colorectal cancer patients. Future studies are needed
to confirm these results as well as to elucidate exact mechanisms by which lymphocytic reaction to tumor affects clinical
outcome in colorectal cancer.
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