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ABSTRACT

Tumor infiltrating lymphocytes (TIL), which represent host adaptive response to the tumor, were first
identified at scanning magnification to select areas with the highest counts on hematoxylin and eosin
slides, quantitated per high-power field (HPF), and analyzed for association with recurrence-free
survival (RFS) in 848 patients. Highest TIL in a single HPF was analyzed as a continuous and categorical
variable, and optimal cutoff analysis was performed to predict RFS. Highest TIL count in a single HPF
ranged from 0 to 45, and the optimal cutoff for TIL high vs TIL low was determined to be > 3 vs < 3
with a concordance probability estimate of 0.74. In the entire cohort, 5-year RFS was 90.2% (95%
Cl = 83.7-94.2) in TIL high compared to 78.9% (95% Cl = 74.1-82.9) in TIL low (log rank P < .0001). TIL
remained significant in the mismatch repair-proficient (bMMR) cohort where 5-year RFS was 94.6%
(95% Cl = 88.3-97.5) in TIL high compared to 77.9% (95% Cl = 69.2-84.4) in TIL low (P = .008). On
multivariable analysis, TIL and AJCC Stage were independently associated with RFS in the pMMR
cohort. Qualitatively in the pMMR cohort, RFS in Stage Il TIL high patients was similar to that in Stage
| patients and RFS in Stage Il TIL high was similar to that in Stage Il TIL low patients. Assessment of
TIL in a single HPF using standard H&E slides provides important prognostic information independent
of MMR status and AJCC stage.
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Introduction intraepithelial tumor compartments is an active area of
research,™”™'” TIL measurement has not been standardized
for routine pathologic specimens. CAP provides limited gui-
dance on where TIL should be measured in a heterogeneous,
often necrotic tumor and what constitutes a robust immune
1'esponse.14 Once MMR evaluation became standard, TIL
measurement was removed from the CAP guidelines;** how-
ever, recent investigations have renewed interest in TIL, as
they have been shown to be prognostic independent of
MMR status.”"**

Development of TIL measurement protocols has been hin-
dered by tumor heterogeneity, including areas of necrosis, and
a lack of a universally accepted cutoff to define a robust TIL
response.””>'>"”>* The goal of this investigation was to quan-
titate TIL in the tumor invasive front' using hematoxylin-
eosin-stained slides; determine whether the highest TIL count
in a single high-power field (HPF) or sum TIL count in five
HPFs is more closely associated with recurrence-free survival
(RES); define the TIL cutoff for designating tumors as high or
low TIL in relation to RFS; and examine the association
between TIL and RFS in dMMR and MMR-proficient
(pPMMR) colon cancer.

Within the tumor microenvironment, there is a complex inter-
play between neoplasia, stroma, vascular and lymphatic
endothelium, and tumor-infiltrating lymphocytes (TIL),
including T and B lymphocytes, natural killer cells, macro-
phages, and dendritic cells. Especially at the tumor/host inva-
sive front, TIL are an important component toward unlocking
the potential of immunotherapy including activating the
patient’s preexisting intratumoral immunity.'

In colon cancer, TIL have long been known to be the hall-
mark of the microsatellite instability high (MSI) subgroup and
hypothesized to represent an adaptive response to neoantigens
resulting from mismatch repair enzyme deficiency (dMMR)
and accumulation of frameshift mutations.*”® MSI colon can-
cers are more commonly right sided and associated with earlier
stage and improved survival.””'?

Prior to routine evaluation for MMR proteins, TIL eva-
luation was required by the College of American Pathologists
(CAP), as the presence of high TIL was an indication for
MSI testing.'* Although TIL have been studied in colon
cancer for over two decades™'>'® and understanding the
biology of lymphocyte subsets within the stromal and
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Materials and methods

With approval from the institutional review board, prospec-
tively maintained institutional databases were queried for
patients who underwent curative surgery for nonmetastatic
invasive adenocarcinoma of the colon at Memorial Sloan
Kettering Cancer Center between February 2007 and
December 2014. Patients who received neoadjuvant therapy
or underwent noncurative resection were excluded. Data on
demographics, histopathology, and short- and long-term onco-
logical outcomes were collected and analyzed.

Histopathologic analysis

All available hematoxylin-eosin stained slides that included
full-thickness sections of the tumor encompassing the deepest
portion of the invasive front (mean, five tumor slides per
patient; range, 1-13 slides per patient) were reviewed.
Pathologists determined T and N classifications of the
American Joint Committee on Cancer (AJCC) as well as high
risk of recurrence features including venous invasion, lympho-
vascular invasion, or perineural invasion (VELPI). TIL in the
advancing margin were measured as previously described,’
which has an acceptable interobserver agreement.'®**** In
brief, TIL were first identified at scanning magnification to
select areas with the highest counts. Using a BX51 microscope
(Olympus, Tokyo, Japan) with a standard 22-mm diameter
eyepiece under an objective lens with a magnification of x40
(specimen area, 0.238 mm?), TIL were counted in five conse-
cutive HPFs parallel to the invasive margin (Supplemental
Figure 1). Two metrics of TIL density were assessed: the sum
TIL in five consecutive HPFs and the highest TIL count in
a single HPF within the advancing margin. Only intratumoral
and stromal lymphocytes within the boundary of the tumor cell
nests or glands were counted, without discriminating CD anti-
gens by immunohistochemistry. Peritumoral lymphocytes that
were outside the boundaries were not regarded as TIL, and
apoptotic bodies were excluded.

Immunohistochemistry

Immunohistochemical screening was performed to assess
MMR protein (MLH1, MSH2, MSH6, and PMS2) expression
as previously described.”* pMMR was defined as positive stain-
ing for all four antibodies.

Staging and follow-up

Patients were clinically staged with colonoscopy; CT of the
chest, abdomen, and pelvis; and measurement of serum mar-
kers. Surgical staging was performed per AJCC,”” and adjuvant
therapy and postsurveillance follow-up performed in accor-
dance with national guidelines.”®*” Recurrence was defined
by imaging or biopsy.

Statistical analysis

Categorical and ordinal variables were summarized as frequen-
cies and percentages, and quantitative variables were

summarized as medians with minimum and maximum.
Comparisons of TIL low vs high were made using the chi-
square test and the two-sample #-test.

Kaplan-Meier analysis was used to estimate RFS, calculated
from the date of surgery to the date of recurrence, death, or last
follow-up. Differences in RFS were analyzed using the log-rank
test. Cox regression was used to estimate hazard ratios with
95% confidence intervals and Wald p value for continuous
variables and multivariable models. Kaplan-Meier analysis
was also used to estimate overall survival (OS), calculated
from the date of surgery to the date of death or date of the
last follow-up. Total lymphocytes were investigated as
a continuous variable, in quintiles to evaluate the linearity
relationship with RFS and as a binary variable defined at an
optimal cutpoint. To identify an optimal cutpoint for sum TIL
in five consecutive HPFs in the advancing margin and for the
highest TIL count in a single HPF without inflating the Type
I error, we used an approach that controls the false discovery
rate.® The concordance probability estimate (CPE), which
computes the concordance of a variable and a censored out-
come, was calculated to measure the goodness of fit.”!

In the absence of an external validation dataset, we con-
ducted a bootstrap validation to ensure our findings at the
optimal cutoff could be internally validated. The HR for TIL
and RFS at the optimal TIL cutoff was calculated for each of
500 bootstrapped samples and plotted in a histogram.

Statistical significance was set at P < .05, and two-sided 95%
confidence intervals are reported. All analyses were conducted
in SAS software version 9.4 and RVersion 3.6.0.

Results

A total of 1095 patients met the inclusion criteria [541 (49%)
were men; mean age, 64.5 = 13.7 years]. TIL count in the
advancing margin was available for 848 patients and MMR
status was available in 443 patients (Figure 1). Median follow-
up was 2.8 years in the 744 patients who did not have a recur-
rence. Median follow-up using the inverse Kaplan-Meier
method was 3.0 vyears (95% confidence interval,
2.7-3.1 years).>>

Quantitative TIL counts are shown in Figure 2. The sum TIL
count in five HPFs ranged from 0 to 217 with a mean of 12.0
(SD 21.5) and a median of 4. The greatest TIL count in a single
HPF ranged from 0 to 45 with a mean of 3.8 (SD 5.6) and
a median of 2. In the 443 patients with known MMR status,
dMMR tumors had a higher mean TIL count than pMMR
tumors for both measures. Using the sum TIL count in five
HPFs, the mean count for pMMR was 8.7 (range 0-123) and
for AIMMR was 37.2 (range 0-217) (P < .001). Using the great-
est TIL count in a single HPF metric, the mean count for
PMMR was 2.9 (range 0-37) and for dAMMR was 10.3 (range
0-45) (P < .001).

Sum TIL count in five HPFs and the greatest TIL count in
a single HPF were strongly correlated (Supplemental Figure 2).
Univariate analysis of RFS was performed on the sum TIL
count in five HPFs and separately on the greatest TIL count
in a single HPF. The hazard ratio for the highest TIL count in
a single HPF indicated a slightly stronger effect (0.92; 95%
confidence interval [CI] = 0.87-0.98, P = .0086) than the
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Figure 1. Inclusion of patients in the study.

hazard ratio for the sum TIL count in 5 HPFs (0.98;
CI = 0.964-0.997, P = .0201). The CPE was also numerically
higher (0.60 versus 0.58) and the RFS Kaplan Meier curves
separate more cleanly for the highest TIL count than for the
sum TIL count in 5 HPFs (Supplemental Table 1 and
Supplemental Figure 3). Thus, we decided to further analyze
the highest TIL count in a single HPF rather than sum TIL
count in five HPFs.

Using the highest TIL count in a single HPF, we then
investigated the linearity of the relationship between TIL and
RES by dividing the patient population into quintiles based on
the highest TIL count. Patients with three or more TIL in any
HPF had significantly longer RFS on average than the other
groups (P = .0008) (Figure 3). An optimal binary cutpoint was
identified at a highest TIL count of 3, where the study cohort
was classified as TIL high (=3 lymphocytes in any HPF) or TIL
low (<3 lymphocytes in any HPF). The CPE for RFS at this
binary cutpoint was 0.74, indicating a good fit. The boot-
strapped hazard ratio distribution indicated good internal
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validity (bootstrapped HR 0.36, IQR 0.12). Repeat analysis of
the pMMR cohort yielded similar results (data not shown).

Table 1 describes the association of TIL to clinicopathologic
features. Compared to TIL low, TIL high tumors were asso-
ciated with older age patients, right-sided lesions, earlier AJCC
stage, and dMMR. TIL high tumors were less likely to demon-
strate VELPL Of the 443 patients that underwent MMR ana-
lysis by immunohistochemistry, 340 demonstrated pMMR,
with 217 (64%) TIL low and 123 (36%) TIL high. Compared
with pMMR TIL low tumors, pMMR TIL high tumors were
associated with right-sided location, lower AJCC stage, and
lack of VELPL

In the cohort of 848 patients with TIL measurement (Figure
2), TIL high tumors were associated with improved RFS com-
pared with TIL low tumors. Five-year RES was 90.2% (95%
CI = 837-942) in TIL high compared to 78.9%
(CI = 74.1-82.9) in TIL low (P < .0001), which corresponds
to a hazard ratio of 0.359 (CI = 0.22-0.585). Figure 4 demon-
strates stage-specific RFS stratified by TIL high versus TIL low.
TIL high stage II patients approached RFS of stage I patients. In
a similar trend, RFS in TIL high stage III patients approached
that in patients with TIL low stage II disease.

In the cohort of 340 pMMR tumors, 5-year RES was 94.6%
(CI = 88.3-97.5) in TIL high compared to 77.9%
(CI = 69.2-84.4) in TIL low (P = .008). Stage-specific survival
based on TIL showed similar findings to the entire cohort and
is shown in Figure 5.

Factors associated with lower RFS are outlined in Table 2. In
the entire cohort of 848 patients, greater RFS was univariately
associated with TIL high, lower age, T1/T2 (vs T3/4), NO (vs
N1/2), earlier AJCC stage, and absence of VELPIL In the
PMMR cohort, TIL high remained associated with greater
RFS along with T1/T2 (vs T3/4), NO (vs N1/2), AJCC stage,
and absence of high-risk VELPI pathologic features. In
a multivariable Cox regression analysis that included TILs,
stage and VELPI, we confirmed that TIL high vs low (HR
0.407; 95% CI 0.170, 0.976; P = .04) was independently asso-
ciated with RFS while Stage (P = .14) and VELPI (P = .34)
were not.

There were a total 39 deaths at last follow-up, and 16
patients died without a recurrence. There was no significant
difference in overall survival between TIL high and TIL low
(Supplemental Figure 4).

Discussion

To fully realize the benefits of immunotherapy in colon cancer,
defining what constitutes a robust lymphocytic response to
differentiate “cold” tumors from “hot” tumors is critical.
Using standard pathology processing to quantitate TIL, we
found a large range of lymphocytes in the invasive front in
a series of 848 patients with nonmetastatic colon cancer. We
demonstrated that visually scanning hematoxylin and eosin
routine pathology slides for areas of increased lymphocyte
density and measuring the highest TIL count in a single HPF
was more predictive of RFS than summing the total TIL count
in five HPFs. Next, by analyzing TIL count in quintiles, we
established that three or more TIL in a single HPF was an
appropriate cutoff for high versus low TIL, as it was associated
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Figure 2. Quantitative TIL count including sum in five HPFs and highest TIL count in a single HPF in all patients, patients with pMMR, and patients with dMMR.

o
© |
o
g A
2
2
a < |
© o
o
u-
8
[ o
® o 7
§ — Q1:0 (n=164)
& — Q2:11 (n=232)
~ — Q3:2 (n=109)
o — Q4:3-5 (n=171)
— Q5:6-45(n=172)
o |
o
T T T T T T T T T
0 1 2 3 4 5 6 7 8
Years from Surgery
Q1 164 136 105 86 66 42 18 10
Q2 232 179 123 9% 65 44 25 15
Q3 109 94 58 46 22 13 4 1
Q4 171 144 103 72 38 20 12 5
Q5 172 148 101 7 30 17 9 4

Figure 3. Recurrence-free survival stratified by quintiles of highest TIL count in
a single HPF.

with improved RFS. Analysis of the pMMR subgroup provided
similar results.

Our finding that immune density is modestly more prog-
nostic than total immune cell count is consistent with prior
studies including Immunoscore® (HalioDx, Richmond, VA),
which employs immunohistochemistry, advanced proprietary
image analysis, and sophisticated algorithms to calculate CD3
+ and CD8+ T cell density in the tumor core and advancing

margin.'>*>*>** An international consortium recently vali-
dated Immunoscore on a large international colon cancer
cohort.” A high Immunoscore had a lower risk of recurrence
and improved 5-year disease-free survival and overall survival,
after controlling for known prognostic factors. Nevertheless,
the Immunoscore has not entered the routine pathology
laboratory workflow, likely due to the requirement of addi-
tional imaging equipment, time, and effort.'>'”?>

TIL were more abundant in dMMR compared to pMMR
tumors, consistent with the literature correlating MSI tumors
with neoantigen load and immune response.’ Interestingly,
there was a wide range of TIL in both dMMR and pMMR
tumors. Thirty-six percent of pMMR tumors were TIL high, in
range with other studies,”** and 18% of dMMR tumors were
TIL low, attesting to the complexity of the immune tumor
microenvironment, referred by Binnewies and colleagues as
Tumor Immunity in the MicroEnvironment (TIME).>%%7

Our finding that dMMR tumors, which strongly correlate
with MSI status,”® have overall favorable outcome, is consistent
with the literature.” Before routine MMR analysis, TIL associa-
tion with MSI*® was the rationale for the required TIL mea-
surement in colon cancer by CAP. Patients with TIL were
advised to have further MSI testing. However, CAP acknowl-
edged that absolute cutoft values were not clearly established
and advised reporting TIL as none, mild to moderate (0-2 per
HPF), and marked (3 or more per HPF)."* Once MMR status
became a CAP requirement, TIL measurement was removed
from their standard synoptic reporting.”* Our study adds to the
growing literature that routine TIL measurement provides
important prognostic information, in addition to MMR status.
Specifically, TIL high pMMR stage III patients had RFS similar
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Table 1. Clinicopathologic features of study cohort of 848 patients and 340 pMMR patients.

All pMMR
All n =848 n =340
TIL low TIL high TIL low TIL high
n = 848 n =505 n =343 n=217 n=123
(%) (%) (%) P (%) (%) P
Age (years)
Median 66 64 70 53 58
Range 25-99 25-98 27-99 <.0001 25-93 27-84 .0013
Gender
Male 406 (48) 246 (48) 160 (47) 100 (46) 52 (42)
Female 442 (52) 259 (52) 183 (53) 0.555 117 (54) 71 (58) 0.498
Site
Right 449 (53) 228 (45) 205 (60) 86 (40) 64 (52)
Left 399 (47) 273 (55) 135 (40) <0.0001 131 (60) 59 (48) 0.135
T-category
T1/12 235 (28) 103 (20) 132 (38) 36 (17) 49 (40)
T3/T4 613 (72) 402 (79) 211 (62) <0.0001 181 (83) 78 (60) <0.0001
N-category
NO 545 (64) 288 (57) 257 (75) 111 (51) 81 (66)
N1/2 303 (36) 217 (43) 86 (25) <0.0001 106 (49) 42 (34) 0.09
Stage
| 196 (23) 81 (16) 115 (33) 25(11) 35(29)
Il 349 (41) 207 (41) 142 (41) 86 (40) 46 (37)
1] 303 (36) 217 (43) 86 (25) <0.0001 106 (49) 42 (34) 0.000
VELPI*
Yes 462 (54) 308 (61) 154 (45) 149 (69) 70 (57)
No 386 (46) 197 (39) 189 (55) <0.0001 68 (31) 53 (43) 0.0296
MMR
Deficient 103 (23) 19 (8) 84 (41) NA
Proficient 340 (77) 217 (92) 123 (59) <0.0001

*Venous invasion, lymphatic invasion, or perineural invasion
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Figure 4. Stage-specific recurrence-free survival stratified by TIL high and TIL low for entire cohort of 848 patients.
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Table 2. Univariate analysis of clinicopathologic factors associated with recurrence-free survival.
All (n = 848) pMMR (n = 340)
n HR 95% Cl P n HR 95% Cl P
TIL
Low 505 ref 217 ref
High 343 0.359 0.220-0.585 <0.0001 123 0.328 0.137-0.784 0.012
Age (years)
Mean+SD 65.8 + 135 1.019 1.004-1.035 0.0159 56.5 +12.7 0.977 0.953-1.003 0.081
Median 66 55
Range 25-99 25-93
Gender
Male 406 ref 152 ref
Female 442 1.036 0.704-1.523 0.8588 188 0.649 0.345-1.221 0.180
Site
Left 399 ref 195 ref
Right 449 1.063 0.723-1.564 0.755 145 0.938 0.498-1.767 0.844
T-category
T1/12 235 ref 81 ref
T3/T4 613 4.132 2.088-8.197 <0.0001 259 6.410 1.543-26.315 0.003
N-category
NO 545 ref 192 ref
N1/2 303 3.135 2.110-4.651 <0.0001 148 2.096 1.106-3.968 0.020
Stage
| 196 ref 60 ref
Il 349 4.024 1.579-10.254 0.0035 132 7.494 0.989-56.765 0.0512
n 303 9.205 3.701-22.890 <0.0001 148 11.177 1.508-82.834 0.0182
VELPI*
No 386 ref 121 ref
Yes 462 3.448 2.137-5.556 <0.0001 219 2.247 1.031-4.902 0.036

*Venous invasion, lymphatic invasion, or perineural invasion.



to stage II, and TIL high pMMR stage II had similar RFS to
stage I. It should be added to the growing list of prognostic
factors following colectomy for colon cancer.

More important than relaying prognosis, TIL are currently
being investigated as a predictive biomarker for adjuvant
chemotherapy”” (NCT03422601 on clinicaltrials.gov). More sali-
ent would be the ability of TIL to inform patient selection or the
efficacy of immunotherapy. Although post hoc analysis of a small
study was able to show that TIL were associated with beneficial
effects of adjuvant immunotherapy,*’ TIL have not been able to
predict response to PD-1/CTLA-4 in stage IV colorectal cancer.

The analysis is subject to the limitations and bias inher-
ent in observational retrospective studies. Quantitative TIL
measurement was not available in all cases; however, RFS
was similar between those with TIL quantification and
those without TIL quantification (data not shown), indicat-
ing no apparent bias, and we therefore assume data are
missing at random. Consistent with practice at the time,
immunohistochemistry was performed selectively, and
MMR expression was biased toward younger patients and
those with TIL. However, there were sufficient events in the
PMMR group to identify TIL as a prognostic factor. In the
103 dMMR patients with overall favorable outcome, there
was insufficient power to assess the prognostic value of TIL
as others have reported.”*>

In summary, we show that in addition to MMR analysis, TIL
quantification in a single HPF using routine hematoxylin and eosin-
stained slides provides important prognostic information.
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