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Abstract

Objective—The presence of T cells within the epithelial component of tumors, as histologic
evidence of anti-tumor immunity, has been associated with a survival advantage in multiple
studies across diverse patient cohorts. We performed a meta-analysis of studies evaluating the
prognostic value of tumor-infiltrating lymphocytes (TIL) on survival among women with ovarian
cancer and to investigate factors associated with variations in this effect, including patient
characteristics, surgical outcomes, tumor histology, and study protocols.

Method—Published studies that evaluated the association between TIL and patient survival were
identified. Descriptive statistics, outcome data, and study quality were extracted from studies that
met inclusion criteria. Hazard ratios and 95% confidence intervals were pooled across studies
using the random-effects model. Publication bias was investigated using a funnel plot and
heterogeneity was assessed with subgroup analysis and 12 statistics.

Results—Ten suitable studies comprising 1,815 patients with ovarian cancer were analyzed. Our
results demonstrate that a lack of intraepithelial TILs is significantly associated with a worse
survival among patients (pooled HR: 2.24, 95% CI; 1.71-2.91). Variations in the prognostic value
of TIL status based on debulking status, scoring method, and geographic regions were identified.

Conclusions—Intraepithelial TILs are a robust predictor of outcome in ovarian cancer and
define a specific class of patients, whose distinct tumor biology should be taken into account in
devising appropriate therapeutic strategies.
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Introduction

Methods

Epithelial ovarian cancer is a heterogeneous disease, with significant variation in both the
presentation and response to therapy. Prognosis is affected by patient factors, such as age or
genetic background, as well as tumor characteristics, including stage, grade, histologic
subtype, and chemotherapy sensitivity [1,2]. Recent studies have also identified
immunologic biomarkers of prognosis, with longer survival times documented among
women with histologic evidence of an anti-tumor immune response. Although T cells are
present in the stroma of most tumor specimens, a survival advantage has been associated
specifically with the presence of T cells in epithelial tumor islets (intraepithelial tumor-
infiltrating lymphocytes, TILs) [3]. In addition to correlations with clinical outcome,
evidence favoring an active role for TILs in tumor clearance is provided by data
demonstrating that these are oligoclonal T cell populations that recognize tumor antigens ex
vivo and secrete cytokines characteristic of effector cells [4-7]. With the emergence of
immunotherapeutic strategies for the treatment of ovarian cancer, it will be important to
validate immunologically relevant tumor biomarkers to optimize patient selection for
clinical trials and to prospectively track responses to immunotherapeutics [8,9].

Although all studies of patients with ovarian cancer have described a prognostic advantage
associated with intraepithelial TILs, differences in the measurement and characterization of
TILs have limited the clinical utility of this biomarker. Questions remain as to whether
inconsistencies in results derive from differences in study methodology or whether variable
outcomes among diverse patient cohorts illustrate underlying biologic or environmental
modifiers of anti-tumor immunity. For example, while some reports have quantified all
CD3* T cells as TILs, others have focused specifically on cytotoxic CD8* T cells.
Additionally, the criteria used to score tumors as TIL-positive or TIL-negative have not
been consistent across studies. It is also unclear whether associations between TIL status and
survival varied according to the standard prognostic factors, such as age, stage, histology, or
surgical outcomes.

The objective of this study is to review the prognostic significance of intraepithelial TILs for
overall survival across diverse cohorts of women with ovarian cancer using meta-analytical
tools. Our secondary objective is to identify patient, tumor, or methodological characteristics
that may explain the variations in the published findings.

We followed guidelines for the design, analysis, and reporting of meta-analyses of
observational studies published by the MOOSE group [10].

Search Strategy

Studies published before December 2010 were identified in PubMed using the following
search terms: “ovarian cancer” and “TIL” “lymphocytes”, and “T cell”. There was no
language restriction. The references of all publications were reviewed to identify additional
relevant studies.

Study Selection

Studies that met the following criteria were included in the meta-analysis: studies must have
(1) been published as original articles; (2) evaluated human subjects; (3) investigated CD3
and/or CD8 lymphocytes in ovarian cancer; (4) reported disease-specific or overall survival,
and (5) contained the minimum information necessary to estimate the effects (i.e., hazard
ratio) and a corresponding measure of uncertainty (i.e., confidence interval, P-values,
standard errors or variance). As an additional criterion, when a single population was
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reported in multiple reports, only the report with the most complete data was included to
avoid duplication.

Data Extraction

Measures

Using a predefined form, data on study cohorts, methodology and results were extracted.
The author, year of publication, and region where each study was conducted were noted.
The collected patient or tumor characteristics including the number of women in each
cohort, the duration of follow-up (mean or median), the ages at the time of surgery (mean,
median), and the surgical outcomes (optimal or suboptimal cytoreduction), distributions of
stage, grade, and histologic subtype, were recorded. Methodology characteristics analyzed
included the markers used (CD3 or CD8), scoring protocols to identify TILs. The number or
distribution of TIL-positive or TIL-negative cases, and results of univariate and/or
multivariate survival analyses (e.g., log rank test, Cox proportional hazards model) were
extracted. We did not contact authors for additional data.

The endpoint used in this meta-analysis is overall survival. In the absence of overall survival
data, disease-specific survival was substituted because these two measures are expected to
be similar for ovarian cancer patients. For CD3 and/or CD8 TIL, study-defined binary
variables indicating either the presence (versus absence), positive (versus negative), or high
(versus low) marker expression were used and described as “TIL-positive” or “TIL-
negative” for this meta-analysis.

Assessment of Study Quality

Study quality was independently rated by two coauthors (WH, ET). Because there is no
validated instrument to measure study quality for prognostic marker studies in an
observational setting, we adapted the Newcastle-Ottawa Scale and the framework suggested
by Altman [11,12]. Briefly, this instrument assesses the quality of studies based on study
population (three criteria), prognostic variables (four criteria), outcome measures (two
criteria), study duration (one criteria), and statistical analysis (two criteria). Each of the
criteria was rated on a three-level scale; zero (no report or criterion not met), one (criterion
partially met), or two (criterion was met). Scores from individual criteria were summed and
divided by the maximum possible score to produce a total score between zero and one,
where higher scores denote greater study quality. The final quality ratings were based on the
averaged score (95% limits of agreement: —0.22, 0.11)

Statistical Analysis

The hazard ratio (HR) was used as a measure of the prognostic value, and defined as the
hazard of death for women with TIL-negative tumors over the hazard of death for women
with TIL-positive tumors, so that a hazard ratio >1 indicated an elevated risk of death in
cases lacking intraepithelial TIL. Following the method described in Parmar et al. [13], the
log-hazard ratio and its standard error for each study were derived. All but one study
reported results of a Cox regression analysis; for the remaining study, the log-hazard ratio
and its standard error were estimated indirectly based on the reported P-value for the log
rank test and the number of deaths observed in the study. If results of both univariate and
multivariate Cox regression analyses were reported, we used estimates from the multivariate
Cox regression model for a more direct estimate of the effect of TIL after controlling for
potential confounding variables. In two studies where results for both CD3 and CD8 were
reported, the estimates based on CD8 markers were used for the primary analysis. To
account for heterogeneity among studies, random effects models were used to estimate
pooled HRs [14]. The 95% confidence interval (Cl) for the pooled HR was reported.
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Homogeneity of effects across studies was assessed using 12 statistics [15]. This statistic
describes the percentage of total variation across studies that are due to heterogeneity rather
than chance (25% low heterogeneity, 50% medium, 75% high).

In secondary analyses, pooled HRs were estimated by specific TIL markers (CD3, CD8).
One study which did not distinguish between CD3 and CD8 was included in the CD8
analysis. Subgroup analyses were carried out to investigate potential sources of between-
study heterogeneity and to assess whether conclusions were sensitive to restricting studies to
subgroups that might have different prognostic effects. Subgroups were defined according to
TIL scoring algorithm (zero versus >0), specimen processing (paraffin-embedded, tissue
micro-arrays (TMA), cryosection), debulking status (optimal only versus mixed), histology
(serous only versus mixed), stage (I11/1V only versus mixed), grade (>75% grade three,
versus less), and by geographic region (North America, Europe, Japan). Tests for effects-
subgroup interaction were performed. Publication bias was evaluated by inspecting the
symmetry of the funnel plot and formally tested with Begg’s adjusted rank correlation test
[16,17]. Statistical analysis was conducted with Stata version 11 (College Station, Texas)
and Review Manager Version 5-0 (The Cochrane Collaboration).

Study Selection

Of 18 potentially eligible articles, ten met the inclusion criteria and were evaluated further.
Figure 1 provides a summary of the selection process [3,18-32]. The research quality among
the selected studies was high; with median quality score of 0.86 (range 0.75 to 0.92).

Patient Cohorts

Characteristics of patient cohorts from the analyzed studies are shown in Table 1. The
median number of women evaluated per study was 142 (range 70 to 500), with a total of
1,815 subjects across all studies. The mean age in all cohorts was similar, ranging from 55—
62 years. The percentage of women with stage 111-1V disease varied from 16.8% to 100%,
with four studies including only advanced cases [3,19,31-32]. Most patients had serous
tumors, with two studies focusing exclusively on women with serous cancers [19,31], and
41% to 100% of patients had grade 3 tumors. Surgical outcomes also varied: although the
criteria defining optimal cytoreduction were not specified (<2cm, 1cm, or no macroscopic
residual disease), in only half of the reports had >60% of women considered optimally
debulked by study authors. Nine studies reported the duration of follow-up, with the median
duration ranging from 1.8 to 10 years. Eight studies reported analysis results for overall
survival while two used cause-specific survival as the primary endpoint.

Quantification of intraepithelial tumor-infiltrating lymphocytes

All studies scored intraepithelial TIL based on immunohistochemical analysis of tumor
specimens: two used cryosections, five used paraffin-embedded tissue, and three used tissue
microarrays (TMA). Results are summarized in Table 2. The definition for positive staining
varied, ranging from 1 to 10 cells per 200X high-power field (HPF). Four studies used
percentiles (e.g. median, tertile) to determine TIL positivity [19,24,26,28]. Among six
studies reporting intraepithelial CD3* TIL, the proportion of patients with positive scores
ranged from 39% to 90.2% with a median of 60%. For intraepithelial CD8* TIL, the
proportion of patients with positive scores ranged from 19.4% to 81.4%, with a median of
62%. Studies reporting a higher proportion of intraepithelial TILs also reported higher
proportions of subjects with optimal debulking (Spearman correlations: 0.81, 0.31 for CD3*
and CD8*, respectively), and lower proportions of subjects with serious histology
(Spearman correlations: —0.80, —0.08), more subjects with grade 3 (Spearman correlations:
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—0.41, —0.22), and stage 111/V1 (Spearman correlations: —0.73, —0.18) tumors. None of the
correlations reached statistical significance at 0.05 level because of small number of studies
analyzed.

Prognostic value of intraepithelial CD3* and/or CD8* lymphocytes

All studies reported that women with intraepithelial TIL positive tumors (CD3* or CD8")
demonstrated significantly longer overall survival (HRs ranging from 1.33 to 7.62; all P-
values <0.05), with half greater than or equal to 2.60. Results of multivariate analyses were
used for eight studies. In the overall meta-analysis, the HRs for CD8* TILs were used for
seven studies, CD3* TILs for two, and one study did not specify which marker was used
[27]. A meta-analysis of all studies confirms a significant association between intraepithelial
TILs (CD3* or CD8*) and survival, with a pooled HR of 2.24 for TIL-negative cases (95%
Cl; 1.71-2.91). A moderate to high heterogeneity between studies was noted (12=68%). A
forest plot (Figure 2) demonstrated that these studies are in agreement for the reported
hazard ratios. For CD3* TIL, we found a pooled HR of 1.74 (95% ClI; 1.14-2.66) using 5
studies, indicating a significantly increased risk for death for those lacking intraepithelial
CD3* T cells. For CD8* TIL, a pooled HR of 2.19 (95% CI; 1.60-2.98) for TIL-negative
cases from 8 studies was obtained. Heterogeneity between studies remained substantial with
12 statistics of 79% and 70% for CD3 and CD8 markers respectively. In the three studies
where results for both CD3 and CD8 were reported [24,30,32], the reported HRs showed the
same direction of association (all >1) but were less significant for the CD3 markers.

Subgroup analysis on the effects of intraepithelial TIL on survival by study, patient or
tumor characteristics

In a stratified analysis, intraepithelial TIL-positive status was continued to be associated
with a reduced hazard of death (Table 3), but the prognostic significance varied based on
surgical outcomes, scoring method, and geographic region. One study exclusively evaluating
optimally debulked cases [30] reported a significantly lower HR than studies including both
optimally and suboptimally cytoreduced patients (pooled HRs: 1.33 versus 2.38). Three
studies using a complete absence (0) of T cells to define TIL-negative cases [3,27,30-31]
reported a pooled HR of 1.53 (95% CI; 1.22-1.93), which is significantly lower than the
pooled HR of 2.67 (95% Cl; 2.02-3.53) for studies with higher cut-off values. In addition,
results varied regionally, with smaller effects among cohorts from North America (pooled
HR: 1.68), and a large HR of 7.62 (95% ClI; 2.76-21.08) in a single Japanese study [25]. No
difference was seen with regards to tumor characteristics, with similar HRs between groups
defined by distributions of stage, grade or histologic subtype. No significant difference in
the pooled HRs was noted based on the use of CD3 or CD8 expression, or differences in
specimen processing.

Begg’s rank-correlation test indicated no publication bias at the 0.05 level (P=0.09).
Examining the funnel plot (Figure 3) however demonstrated evidence of asymmetry around
the value of the pooled HR, but mostly due to one study with both large estimated hazard
ratio and standard error [25]. The statistical evidence for publication bias was reduced if this
study was removed (Begg’s test, P=0.21)

Discussion

This meta-analysis confirms that the intraepithelial TILs in ovarian cancer specimens are a
robust biomarker for overall survival of women with this disease. This is true in spite of the
significant heterogeneity among studies regarding both patient characteristics and scoring
methodology. The majority of studies in this meta-analysis used the CD8 marker to
specifically evaluate cytotoxic T cells. Although no significant difference was seen in the
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pooled HRs based on analysis of CD3 or CD8 expression, intraepithelial CD8 TIL showed a
more consistent and stronger association with survival than CD3 TIL. Thus, CD8 staining
should be used as the standard for evaluation of intraepithelial TIL in ovarian cancer
specimens. Further, a significant difference was seen in the HRs based on scoring method
used to evaluate TIL. While TIL scores represent an underlying continuous variable, a
standardized measure of TIL positivity would facilitate future studies. Because significantly
larger HRs were noted in studies that used greater than zero cut-offs (e.g., 3-10 cells/HPF)
for a positive score, and 5 cells/THPF approximately represents the midpoint of those cut-off
values, we propose that >5 CD8™ cells/200X HPF should be defined “TIL-positive” in
ovarian tumors.

The strong association of intraepithelial TILs with better outcomes strongly suggests that
antitumor effector mechanisms are spontaneously activated in a proportion of patients with
advanced ovarian cancer and have a significant impact on tumor growth and metastasis.
Indeed, tumor-reactive antibodies and T cells have been isolated from peripheral blood of
patients with advanced stage ovarian cancer at diagnosis [12, 13], while oligoclonal tumor-
reactive T cells have been isolated from ascites or tumors [18-22]. Definitive studies are
needed to dissect the potential mechanisms through which effective TILs can control tumor
growth, but direct cytotoxic effect on tumor cells as well as a potent antiangiogenic effect of
angiostatic cytokines such as interferon-gamma, and chemokines such as interferon-
inducible CXCL9 and CXCL10, all of which are elevated in tumors with intraepithelial TILs
[3], could contribute to reduce tumor growth and prolong survival.

In spite of numerous publications demonstrating the impact of TILs in ovarian cancer, this
biomarker is still not used clinically in treatment planning or in evaluating the prognosis of
individual patients. It is possible that the differences in the definition of TILs as well as
variations in study methodology have impeded the adoption of TIL status by pathologists or
physicians responsible for the treatment of women with ovarian cancer. One goal of this
report was to consolidate the data from these disparate studies to facilitate the use of this
prognostic marker in clinical practice. Furthermore, as our understanding of the possible
interactions between immune mechanisms and chemotherapy increases, TILs could be used
to guide selection of drugs in the future [9]. For example, pegylated liposomal doxorubicin
as well as phase-specific drugs like taxanes or topotecan, but not time-specific drugs like
gemcitabine, were found to interact positively with immune activation in a mouse model of
ovarian cancer [36-37], suggesting that patients with intraepithelial TILs might benefit more
from specific drug combinations. In addition, TILs could be developed as a potential
predictive biomarker for immunotherapy, given the increasing opportunities for
immunotherapeutic drugs available for testing. These clinical opportunities are discussed in
detail elsewhere [8-9].

Interestingly, this analysis also demonstrates that the prognostic value of TILS may vary
depending on surgical outcomes. Specifically, protective effects associated with TILs were
significantly reduced in the single study that included only optimally debulked cases
compared to studies that also include suboptimally debulked cases. Although surgical
debulking has been shown to be an independent prognostic factor in studies of TIL, this
finding is consistent with the interaction between TIL status and surgical outcomes
described previously. One study reported that the benefit of surgical debulking was most
pronounced among women who lacked TILs, suggesting that women with spontaneous anti-
tumor immunity may be able to control small volume disease following suboptimal
debulking and cytotoxic therapy, while women lacking this response require maximal
surgical effort to improve outcomes [32]. Interestingly, Zhang et al. [3] reported that TIL-
positive women were more likely to have been optimally cytoreduced, suggesting that anti-
tumor immune responses may have restricted disease spread or altered tumor biology in a
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manner that facilitated surgical resection. Whether TILs can be used to direct surgical
decision-making requires further study.

An interesting finding of this study relates to the regional differences in results, with greater
prognostic effects seen among studies done in Japan and Europe than in North America.
This may result from differences in surgical technique, with geographic region serving as a
surrogate marker for the proportion of optimally cytoreduced patients where more
aggressive debulking practices reported in the United States [33—-35]. However, large
proportions of women were considered optimally cytoreduced in the European studies
included in this analysis. Whether this represents differences in the criteria used to
determine optimal cytoreduction cannot be determined with the available data. Other
possibilities that might explain regional variation include immune-modifying factors, such
dietary practices, rates of obesity, other environmental variables, or genetic differences (e.g.,
polymorphisms in genes affecting immune mechanisms), and possible differences in access
to healthcare resources. While further study is needed to identify genetic, behavioral or
environmental modifiers for the effects of TILs, it is notable that across diverse patient
cohorts, a survival advantage is consistently demonstrated among women with
intraepithelial TIL.

Certain limitations of our analysis must be acknowledged. Only ten studies were suitable for
this meta-analysis, and all of them were retrospective in nature. While the inclusion of
studies evaluating different lymphocyte populations (CD3 or CD8) and different scoring
criteria limits the direct comparison of patients across cohorts, it also supports the
conclusion that TIL score is a robust prognostic marker. This study did not evaluate the
effects of other lymphocyte populations such as FoxP3* regulatory T cells, which may
modulate the CD8+ effector response and thus impact the prognostic significance of TIL.
Finally, most studies lacked information regarding progression-free survival or response to
adjuvant therapy, and prospective studies will be required to determine the interactions of
TIL status with treatment drugs.

In conclusion, we have demonstrated that intraepithelial CD3 and CD8 TIL are useful
immunologic biomarkers in predicting survival and that CD8 is more robust for stratifying
women with ovarian cancer based on prognosis. In our study, the prognostic value of TILs
persists among populations with diverse histologic tumor subtypes, regardless of the stage or
grade of disease. Regional variations had suggested that other modifiable factors to anti-
tumor immunity may exist. Finally, the HR associated with TIL status may be highest
among suboptimally debulked patients but whether this marker can be used to direct surgical
decision-making requires further study. With the recent development of immunotherapeutic
strategies for the treatment of advanced or recurrent ovarian cancer, and evidence of the
immunomodulatory effects of standard chemotherapeutic agents, the use of immune-based
biomarkers takes on added importance. If validated, TIL scores could be used not only to
select women for clinical trials of cancer vaccines or adoptive T cell therapies, but could
also be used to select combinations of chemotherapeutic drugs that interact positively with
antitumor immune mechanisms.

Highlights

¢ Meta-analysis of ten studies with 1,815 ovarian cancer patients confirms a
significant survival advantage associated with tumor-infiltrating lymphocytes
(TIL).

e This effect was demonstrated across diverse patient cohorts regardless of the
tumor grade, stage, or histologic subtype studied.
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e A standardized measure of CD8" TILs in ovarian cancer will facilitate the
clinical use of this robust biomarker.
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Figure 1.
Flowchart of study identification and inclusion
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Figure 2.
Forest plot of associations of TILs with overall survival in select studies
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Figure 3.
Funnel plot for assessing publication bias in select studies.
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