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ABSTRACT
Treatment options and risk stratification for esophageal adenocarcinomas
(EAC) currently rely on pathological criteria such as tumor staging. However, with
advancement in immune modulated treatments, there is a need for accurate predictive
biomarkers that will help identify high-risk patients and provide novel therapeutic
targets. Hence, we analyzed as prognostic classifiers a host of histopathological
parameters in conjunction with novel immune biomarkers. Specifically, gene expression
levels for CXCL9, IDO1, LAG3, and TIM3 were established in treatment naïve samples.
Additionally, PD-L1 and CD8 positivity was determined by immunohistochemical
staining. Based on our finding, a Cox model consisting of pathological complete
response (CR), LAG3, and CXCL9 provided improved predictability for disease-free
survival (DFS) compared to CR alone, and it demonstrated statistical significance
for predictability of recurrence (p=0.0001). Likewise, for overall survival (OS), a
Cox model constituted of TIM3, CR, and IDO1 performed better than CR alone, and it
demonstrated statistical significance for predictability of survival (p = 0.0004). TIM3
was identified as the best predictor for OS (HR=4.43, p=0.0023). In conclusion, given
the paucity of treatment options for EAC, evaluation of these biomarkers early in
the disease course will lead to better risk stratification of patients and much needed
alternatives for improved therapy.

locally advanced EAC is neoadjuvant chemoradiation
therapy (CRT) followed by surgical resection. Typically,
25-30% of these patients demonstrate a pathological
complete response (CR) to neoadjuvant therapy, which
is a proxy for favorable outcome, as this subset of
responders has a five-year survival rate of approximately
60%.[5–7] On the contrary, the non-responders on this
multimodality approach are subjected to unnecessary
toxicity and delayed surgery with no apparent clinical
benefit. Therefore, development of additional prognostic
classifiers prior to initiation of neoadjuvant therapy is

INTRODUCTION
Esophageal cancer is the 8th most common cancer
worldwide, with esophageal adenocarcinoma (EAC)
being the dominant subtype in the western hemisphere.
[1] The prognosis of esophageal cancer is dismal, with
an overall five-year survival rate of less than 20%.
[2, 3] This rate falls even more dramatically for those
patients presenting with metastatic disease, with a fiveyear survival less than 5%.[4] Currently in the United
States, the preferred treatment for patients presenting with
www.oncotarget.com
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required to individualize treatment by helping to stratify
treatment sensitive vs resistant patients. The utilization of
CR on its own as a prognostic tool is mired in controversy,
as there are not any universally agreed upon standards to
capture survival benefit afforded to patients with a major
but not complete pathological response.[8, 9]
Based on our current understanding of cancer
biology, solid tumors are considered a heterogeneous
collection of cancer cells with distinct differentiation,
phenotypes, and functionality.[10] In addition to cancer
cells, solid tumors are composed of multiple cellular
components, including structural, endothelial, and immune
cells.[11] It is well-established that cancer cells exert
control on the non-malignant cell types in order to thrive
and grow beyond the confines of the poorly vascularized
microenvironment.[12] These cancer and stromal cells
release immunosuppressive cytokines, such as IL-10 and
TGF-β, to evade the immune system by establishing a
pro-growth immune-resistant tumor microenvironment.
[13] Additionally, as cancers cells grow and subclonal
populations progress and differentiate, they accumulate
non-silent point mutations through immune-editing
that ultimately leads to loss of tumor immunogenic
recognition.[14]
However, the immune response can still recognize
and kill cancer cells through the release of chemokines and
interferon signaling that leads to trafficking and infiltration
of T-cells, primarily CD8+ cytotoxic cells, into the tumor
compartments.[15] Unfortunately, tumors are able to
develop tolerance to these secondary defenses through
adaptive immune resistance, as they are able to evade
antigen-specific T-cells by expression of ligands, such as
PD-L1 and LAG3, which inactivate cytotoxic cells.[16,
17] This concept of adaptive resistance in T-cell inflamed
phenotype cancers has been the foundation for successful
development of efficacious immune checkpoint inhibitors
for cancer therapy, where dormant intratumoral T-cells
are activated by therapeutic blocking with antibodies,
such as anti-PD-1, thereby reversing the immune escape
mechanisms deployed by cancer cells. In a recent study,
Kelly et al used immunohistochemistry (IHC) for CD8 and
PD-L1 density scoring in primary gastroesophageal and
gastric cancer patient specimens, where they demonstrated
that higher CD8 densities were associated with higher
PD-L1 expression, with the strongest staining reported
in tumor-invasive fronts. Interestingly, patients with high
CD8 and PD-L1 densities had poor progression-free
survival (PFS) and overall survival (OS), suggesting a role
of adaptive immune resistance mechanisms.[18]
In a recent publication, our group showed that in
locally advanced EAC, the immune microenvironment is
highly dynamic with a host of immune checkpoints being
upregulated primarily post neoadjuvant CRT.[19] These
immune escape mechanisms are not only therapeutically
targetable for providing improved patient outcomes but
can also be used to develop prognostic and predictive
www.oncotarget.com

classifiers of response to specific therapies. There has
been increasing evidence to suggest that activation of the
anticancer immune responses are implicated in outcomes
to even traditional therapies, such as cytotoxics and
radiation.[20] Therefore, the purpose of this study is, 1) to
determine degree of upregulation of immune biomarkers
in treatment-naïve locally advanced EAC patients and
2) to develop robust models for prediction of disease
recurrence and OS using combinations of independent
histopathological parameters and individual immune
biomarker classifiers.

RESULTS
A total of 49 patients (48 male and 1 female) with
locally advanced EAC who underwent chemotherapy
+/- radiation therapy followed by esophagectomy were
enrolled in the study. Mean age at diagnosis was 64.2
years (SD=9.5) with a median clinical follow up time
of 21.2 months (IQR= 9.7, 30.3). As per the AJCC
staging, 34 patients (69%) were staged as ≥T3, with the
remaining staged as Table 1. Prior to surgery, 8 (16.3%)
patients received chemotherapy only while 41 (83.7%)
patients received chemotherapy + radiation therapy.
Of these patients, 46 (93.9%) underwent minimally
invasive esophagectomies while 3 (6.1%) had open
esophagectomies. The resection margin was negative
(R0) in 45 (92%), positive (R1) in 2 (4%) and unknown
in 2 (4%) patients. Pathological response was observed in
39 (80%; CR 27%, partial response 53%), stable disease
in 6 (12%) and progressive disease (distant metastasis)
in 4 (8%) patients post-neoadjuvant therapy. Overall, 25
patients (51%) on this study developed a recurrence, and
29 patients (59%) are deceased - Table 1. Data for eight
potential predictors (CR, clinical stage of tumor at the
time of diagnosis, CD8 density, PD-L1 Status, CXCL9,
IDO1, LAG3, and TIM3 is summarized with respect to
recurrence and survival status, respectively - Table 2.
Univariate analyses for each potential predictor with
respect to DFS using Cox regression approach indicated
a significant finding for CR (HR (95%CI) = 9.80 (2.20,
43.75), p = 0.0028), and borderline findings for CXCL9
at 0.2910 cut-off point (HR (95%CI) = 0.45 (0.19, 1.05),
p = 0.0655) and LAG3 at 3.7521 cut-off point (HR
(95%CI) = 2.29 (0.89, 5.89), p=0.0859). Univariate
analyses for each potential predictor with respect
to OS using Cox regression approach indicated
significant findings for CR (HR (95%CI) = 3.92 (1.29,
11.93), p=0.0163), TIM3 at 3.9181 cut-off point (HR
(95%CI) = 2.36 (1.11, 5.03), p=0.0264), and a borderline
finding for LAG3 at 2.9759 cut-off point (HR (95%CI) =
2.09 (0.90, 4.82), p=0.0859)
Therefore, optimal RQ cut-off points were utilized
to categorize the gene expression data with respect to
time-to-event outcomes. To predict time-to-recurrence,
the optimal RQ cut-off points for the individual genes
4547
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Table 1: Patient demographics
Total Number of Patients

49

Gender
Male

98% (48)

Female

2% (1)

Age (years)

64.2 (9.5)

Follow Up Time – (Months)

21.2 (9.7, 30.3)

Pathological Staging
< T3

31% (15)

≥ T3

69% (34)

Pathological Response to Neoadjuvant Therapy
Complete Response

27% (13)

Partial Response

53% (26)

Stable disease

12% (6)

Progression

8% (4)

Recurrence
Yes

51% (25)

No

49% (24)

Survival Status
Alive

41% (20)

Dead

59% (29)

Neoadjuvant Therapy
Chemotheray Only

16.3% (8)

Chemotheray + Radiation Therapy

83.7% (41)

Type of Esophagectomy
Minimally Invasive

93.9% (46)

Open

6.1% (3)

Resection Margin
R0

92% (45)

R1

4% (2)

Unknown

4% (2)

Lymph Nodes Resected During Surgery
1-5

16.3% (8)

6 – 10

22.4% (11)

11 – 15

36.7% (18)

16+

20.4% (10)

Unknown

4.1% (2)

were: CXCL9 (0.2910), IDO1 (2.0180), LAG3 (3.7521),
TIM3 (3.0440). Likewise, to predict OS, the optimal RQ
cut-off points were: CXCL9 (0.6506), IDO1 (0.2822),
www.oncotarget.com

LAG3 (2.9759), TIM3 (3.9181). Next, utilizing these
individual biomarker cut-off points, along with clinical
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Table 2: Summary info for potential predictors for recurrence and survival
Potential Predictors

Recurrence

Survival Status

No

Yes

Alive

Dead

15 (41.7%)

21 (58.3%)

13 (36.1%)

23 (63.9%)

9 (69.2%)

4 (30.8%)

7 (53.9%)

6 (46.1%)

< T3

8 (53.3%)

7 (46.7%)

6 (40.0%)

9 (60.0%)

≥ T3

16 (47.1%)

18 (52.9%)

14 (41.2%)

20 (58.8%)

Negative

16 (51.6)

15 (48.4)

10 (32.3)

21 (67.7)

Positive

5 (45.4)

6 (54.6)

5 (45.5)

6 (54.5)

12.3 (12.5)

13.1 (14.2)

15.2 (14.4)

11.0 (12.4)

2.1 (2.6)

1.4 (2.0)

1.7 (2.2)

1.8 (2.4)

2.1 (5.1)

3.1 (6.4)

1.1 (1.7)

3.6 (7.2)

1.9 (3.2)

2.8 (4.8)

1.2 (1.5)

3.1 (5.0)

4.4 (5.0)

5.1 (8.8)

2.8 (4.3)

6.1 (8.4)

Pathological
Response
No complete
response
Complete response
Clinical Stage of
Tumor

PD-L1 Status

CD8-Density
Mean (SD)
CXCL9
Mean (SD)
IDO1
Mean (SD)
LAG3
Mean (SD)
TIM3
Mean (SD)

classifiers, best fit multivariate Cox models for diseasefree survival (DFS) and OS were generated.
For DFS, the optimal fitted model consisted of
CR (HR=9.54, 95%CI=2.13-42.62, p=0.0032), LAG3
(HR=2.86, 95%=1.03-7.94, p=0.0441), and CXCL9
(HR=0.40, 95%CI=0.16-0.99, p=0.0494). Moreover,
based on the –2 log likelihood statistic the classification
performance of the CR/LAG3/CXCL9 Cox model (134.5)
was superior to CR alone (140.7), as well as overall
predictive accuracy in terms of Harrell's concordance
statistics (0.7287 vs 0.6690), and the model demonstrated
statistical significance for predictability of recurrence (p=
0.0001(LRT)). When adjusted for other covariates in the
model, predicted times for months to recurrence were 45.6
months with CR, 27.8 months with LAG3 < 3.7521, and
28.2 months with CXCL9 > 0.2910 – Table 3.
For OS, the optimal fitted model consisted of
TIM3 (HR=4.43, 95%CI=1.70-11.53, p=0.0023) CR
(HR=3.09, 95%CI=1.00-9.56, p=0.0505) and IDO1
(HR=0.31, 95%CI=0.11-0.82, p=0.0189). Likewise, the
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–2 log likelihood statistic demonstrated the classification
performance of the TIM3/CR/IDO1 Cox model (164.7)
was superior to CR alone (175.6), as well as overall
predictive accuracy in terms of Harrell's concordance
statistics (0.7106 vs 0.5945), and the model demonstrated
statistical significance for predictability of OS (p=0.0004
(LRT)). When adjusted for other covariates in the model,
predicted times for months to death were 50 months with
CR, 44.8 months with TIM3 < 3.9181, and 43.4 months
with IDO1 ≥ 0.2822 – Table 4.

DISCUSSION
The tumor immune microenvironment plays
a dynamic role in the development, prognosis, and
resistance of EAC to standard CRT therapeutics. Recent
successes of anti-PD-1/PD-L1 immunotherapies across
various malignancies have opened the door for further
exploration into novel pathways that are similarly
deregulated through cancer pathogenesis and contribute to
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Table 3: Parameter estimates for each predictor adjusted for other covariates in the multivariate DFS Cox
proportional hazard model
Predictor

Adjusted Predicted
Time in Months to
Recurrence

Estimate (SE)

Adjusted HR (95%
CI)

P Value

No complete
response

19.0

2.25 (0.76)

9.54 (2.13, 42.62)

0.0032

Complete response
(ref)

45.6

1.05 (0.52)

2.86 (1.03, 7.94)

0.0441

-0.91 (0.46)

0.40 (0.16, 0.99)

0.0494

Pathological
Response

LAG3
< 3.7521 (ref)

27.8

≥ 3.7521

17.4

CXCL9
< 0.2910 (ref)

19.0

≥ 0.2910

28.2

tumor immune evasion.[21, 22] Specifically in the present
study, we evaluated the prognostic significance of immune
biomarkers such as CXCL9, IDO1, LAG3, and TIM3.
To date, CR post-neoadjuvant CRT has served
as the best predictive clinical tool to determine PFS
and OS benefit in local advanced EAC patients.[6, 7]
The current National Comprehensive Cancer Network
(NCCN) guidelines suggest that no evidence of disease
in a post neoadjuvant esophagectomy specimen is the
ideal marker to predict positive clinical outcomes.[26]
Thus, CR was used as the control to evaluate the utility
of our prediction models. Eight potential classifiers
were studied including CR, clinical stage of tumor at the
time of diagnosis, CD8 density, PDL-1 status, CXCL9,
IDO1, LAG3, and TIM3. Univariate Cox regression
analyses of these potential predictors showed statistical
significance for CR and CR and Tim3 with DFS and OS,
respectively and independently. Therefore, we determined
optimal cut-off levels for each marker to more accurately
determine causality and evaluate for collective prognostic
significance.
The current study demonstrated that CR, LAG3,
and CXCL9 were more predictive of DFS than CR alone
and were significantly associated with reduced rate of
recurrence. About 42% of esophageal cancer patients
experience recurrence following complete surgical
resection, despite pathologically-confirmed negative
margins.[23] Additionally, the current standard of care
approach for esophageal cancer, consisting of neoadjuvant
CRT plus esophagectomy, is associated with considerable
morbidity, so the reported panel may be beneficial in
improving selection of patients that will likely benefit
from such aggressive interventions. Additionally, LAG3
and CXCL9 pathways are under clinical investigation as
www.oncotarget.com

novel targetable immune mechanisms; hence, patients
with upregulation of these checkpoints may potentially
benefit from tailored therapeutic modulation strategies.
Specifically, LAG3 expression on CD8 T cells prevents
autoimmunity; however, constitutive expression leads
to immunoevasion through its negative regulatory role,
in conjunction with PD-1.[24] In fact, there has been
recent heightened interested in dual LAG3/PD-1 therapy
due to this synergistic mechanism.[25] Of note, the
efficacy of anti-PD1 in combination with anti-LAG is
currently under clinical investigation in gastroesophageal
cancer. Specifically, the phase Ib study, NCT03044613
is investigating neoadjuvant nivolumab +/- relatlimab
in combination with CRT for locally advanced disease.
Additionally, a phase Ib study, NCT03610711 has recently
been launched to evaluate relatlimab in combination with
nivolumab for the treatment of advanced gastroesophageal
cancer. The other immune marker in this panel, CXCL9,
is a chemokine that plays a complex role in tumor
development and pathogenesis and not only recruits CD8
cytotoxic lymphocytes to inhibit tumor development, but
also facilitates immune tolerance through recruitment
of regulator T cells, tumor-associated macrophages,
and myeloid derived suppressor cells.[26] CXCL9 has
demonstrated both positive and negative prognostic values
for various tumor types, including lung, breast, melanoma,
gastric and renal cell carcinoma.[27] Additionally, CXCL9
is associated with regression of gastroesophageal cancer.
[28] Most notably, its expression enhances the efficacy of
various immunotherapies through regulation of targets,
such as T cells, NK cells, APCs, and TILs.[27] As both
LAG3 and CXCL9 pathways have a well demonstrated
role in the tumor immune microenvironment, and
the combination panel of CR, LAG3, and CXCL9 is
4550
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Table 4: Parameter estimates for each predictor adjusted for other covariates in the multivariate OS Cox
proportional hazard model
Predictor

Adjusted Predicted
Time in Months to
Death

Estimate (SE)

Adjusted HR (95%
CI)

P Value

No complete
response

26.7

1.13 (0.58)

3.09 (1.00, 9.56)

0.0505

Complete response
(ref)

50.0

1.49 (0.49)

4.43 (1.70, 11.53)

0.0023

-1.19 (0.51)

0.31 (0.11, 0.82)

0.0189

Pathological
Response

TIM3
< 3.9181 (ref)

44.8

≥ 3.9181

18.3

IDO1
< 0.2822 (ref)

21.8

≥ 0.2822

43.4

significantly associated with prognosis, it may be of use
to clinically explore their potential synergy with other
immune checkpoints to possibly decrease the significant
recurrence rates of EAC.
Likewise, our study demonstrated that CR, TIM3,
and IDO1 were more predictive of OS than CR alone
and significantly predicted survival. Moreover, TIM3
was the best individual predictor for OS (HR=4.43, 95%
CI=1.70-11.53, p= 0.0023). As previously noted, only
25-30% of locally advanced EAC patients demonstrate a
CR to neoadjuvant therapy, so this newly identified panel
may better stratify patients to better inform therapeutic
strategies most likely to lead to improved survival.
Additionally, both TIM3 and IDO1 are under investigation
as immune checkpoint inhibitors in solid tumors and may
be worth exploring as alternative therapeutic strategies for
locally advanced EAC, due to the significant dysregulation
in association with prognosis. TIM3, like both PD1 and
LAG3, is found on CD8 T cells, and increased expression
has been implicated in immune evasion in various
tumor types, including gastroesophageal cancer.[29–31]
Currently, TIM3 inhibitors are being evaluated in early
phase studies for various advanced solid tumors, which
include esophageal cancer; however, there are no current
studies specifically addressing esophageal or gastric
malignancies, and preliminary results have not yet been
reported.
The additional immunomarker in the presented
panel, IDO1, is a tryptophan metabolizing catabolic
enzyme that is activated in many malignancies and is
usually associated with a poor prognostic outcome.
[32] Mechanistically, IDO1 is immunosuppressive
through inhibition of cytotoxic T cells and NK cells,
while increasing the activity of regulatory T cells
www.oncotarget.com

and myeloid-derived suppressor cells.[33] IDO1 also
promotes angiogenesis.[34] Various agents targeting the
IDO1 pathway are currently in clinical development,
including indoximod (Phase 3), epacadostat (Phase 3),
navozimod (Phase 1B), and BMS-986205 (Phase 2).[32]
Indoximod demonstrated independent anti-tumor efficacy
in various tumor types, and an early phase study has also
revealed heightened efficacy when combined with antiPD1 in melanoma patients, suggesting a potential role
for combination therapy.[35] However, the recent phase
3 ECHO-301 trial evaluated epacadostat in combination
with pembrolizumab in advanced melanoma showed no
increased benefit. A retrospective evaluation suggests
the trial design may not have provided sufficient drug
exposure, and further studies exploring alternative agents
are warranted.[36] Due to the very poor survival outcomes
of EAC patients and synergistic immunomodulatory
nature of both TIM3 and IDO1, it is possible that dual
anti-TIM3/anti-IDO1 combination therapies may have an
impact on survival for EAC patients; however, extensive
clinical studies would be required to investigate further.
A notable limitation to the current study was a small
sample size. However, CR independently demonstrated
significant correlation with DFS and OS consistent
with previously reported studies, and the specific
models discussed in this manuscript demonstrated
improved prognostic value when compared to CR alone.
Additionally, routine sampling depth achieved through
endoscopic biopsy may result in marginal access to the
highly immunogenic tumor invasive front, so the reported
levels of the sampled tissue may not fully characterize the
entire mass. Therefore, it may be of interest to explore
emerging non-invasive liquid biopsy approaches to fully
characterize the immune profile of the tumor, more
4551
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selectively personalize therapeutics, and evaluate response
and molecular marker levels throughout treatment.
In conclusion, EAC is a deadly disease with poor
progression-free survival rates, and current standard
of care approaches are associated with significant
morbidity. Although CR has historically been the best
prognostic indicator, about 40% of patients still experience
recurrence, and the five-year survival rate is only 60%.
The present study evaluated the prognostic value of select
immune checkpoints and identified novel predictive
panels that better predict recurrence and survival than CR
alone. Additionally, all of the immunomarkers identified
in this study are currently under development as novel
immunotherapeutic strategies, and further studies may be
warranted to determine if the associated pathways may
be modulated to improve clinical outcomes in selected
patients.

as endogenous controls, and RTC was run as a quality
control on each plate. Gene expression for tumor samples
was performed and normalized against pathologically
confirmed LCM normal esophagus samples. All
experiments were performed in technical duplicates.

Immunohistochemistry
The FFPE EAC samples were stained for PD-L1 and
CD8 using 22C3 immunohistochemistry (IHC) pharmDx
(Dako, Carpinteria, CA; #SK00621) and CD8 antibody
(Thermo Fisher Scientific, Waltham, MA; #RB-9009-P0),
respectively. Briefly, 4 to 5.6mm tissue sections were
placed onto positively charged slides using a microtome.
IHC was performed using a Ventana BenchMark ULTRA
automated stainer (Ventana, Tucson, AZ; #N750-BMKUFS). PD-L1 was supplied prediluted and applied. The CD8
antibody was applied at a dilution of 1:50. The slides were
stained using standard clinically established automated
protocols. PD-L1 stains were deemed positive based on
>1% staining for tumor or lymphocytic cells. Additionally,
intensity was gauged based on the magnification required
to visualize positive cells, defined as weak (20x), moderate
(10x), and strong (4x).For CD8 positivity, a quantitative
density analysis was performed for each sample using 3
selected microscopic fields and counting the number of
stained CD8 cells per 100 tumor cells.[38] Tonsil tissue
and provided tumor control tissue served as positive
controls for CD8 and PD-L1, respectively. Scoring was
performed by a blinded board certified pathologist.

MATERIALS AND METHODS
Clinical ethics statement
The retrospective study and a waiver of informed
consent were approved by the Institutional Review Board
at Allegheny Health Network in Pittsburgh, PA, under
Protocol #16–002: Analysis of immune biomarkers for
the treatment of locally advanced esophageal cancer. All
patient samples were collected from tissues that remained
post diagnostic pathology. The sample set utilized
included formalin-fixed paraffin-embedded (FFPE) cases
of normal esophageal epithelium (n = 15) and treatment
naive endoscopic biopsies (prior to neoadjuvant CRT)
from locally advanced EAC cases (n = 49). Additionally,
deidentified demographic and clinical outcome data were
collected on all patients.

Statistical analysis
Eight variables (CR status post neoadjuvant CRT,
clinical stage of tumor at the time of diagnosis, PD-L1
positivity, CD8 positivity, and gene expression levels
for CXCL9, IDO1, LAG3, and TIM3) were selected
to evaluate their prognostic significance in predicting
recurrence and survival status.
Univariate Cox regression analyses were performed
for each of 8 potential predictors, utilizing continuous
and categorical cut-off points, with respect to each of the
time-to-event outcome. Next, we developed a multivariate
Cox’s proportional hazards model for each time-to-event
outcome, utilizing a stepwise selection that mandated a
variable has to have a significance threshold of 0.25 and
0.10 to be opted and retained in the model, respectively.
The final models selected demonstrated superior overall
predictive accuracy and model fit statistics. In particular,
an optimal fitted model will have the lowest value of
–2 log likelihood statistic with Likelihood Ratio Test
significant (p < 0.05) to indicate an alternative assumption
that at least one explanatory effect in the model is not
zero; moreover, overall predictive accuracy provided
by Harrell's concordance statistic has largest value,
which measures the agreement between observed and

Laser capture microdissection and gene
expression
FFPE samples were reviewed by a boardcertified pathologist to identify areas of EAC. Briefly,
laser capture microdissection (LCM) was performed
on all samples to collect tumor epithelial cells, tumor
infiltrating lymphocytes (CD8), and stromal myeloid
cells, as reported previously.[37] Total RNA, containing
miRNA, was isolated from post-LCM tissues. RNA was
reverse transcribed, and preamplification was performed
on cDNAs per manufacturer’s guidelines.[37] RTPCR was performed according to the manufacturer’s
guidelines using the following RT2 Primer Assays: TIM3
(Qiagen, Valencia, CA #PPH00583A), IDO1 (Qiagen,
Valencia, CA #PPH01328B), LAG3 (Qiagen, Valencia,
CA #PPH01035A) CXCL9 (Qiagen, Valencia, CA #
PPH00700B). Relative gene expression was calculated
using the ∆∆-Ct method, and presented as relative
quantification (RQ). SNORD95 and miR-16 were selected
www.oncotarget.com
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predicted outcomes. In our study, a statistically significant
association between a predictor and the time-to-event
outcome is only established if p-value < 0.05 for Type 3
Wald Test or the 95% hazard ratio confidence interval does
not cross 1.0.
Specifically, for gene expression data we utilized
both a continuous and a categorical optimal cut-off point
input approach to develop candidate models for each of
the time-to-event outcomes. In particular, to determine the
optimal cut-off point for each gene, an outcome-oriented
approach proposed by Contal and O’Quigley was utilized
to categorize the gene expression levels that enhance the
absolute value of log-rank test statistic, hence capturing the
maximum difference for subjects in the two groups.[39]
All statistical analyses on the study were performed
using SAS software (version 9.4; SAS Institute, Cary,
NC).

2. Malhotra U, Zaidi AH, Kosovec JE, Kasi PM, Komatsu Y,
Rotoloni CL, Davison JM, Irvin CR, Hoppo T, Nason KS,
Kelly LA, Gibson MK, Jobe BA et al. Prognostic value and
targeted inhibition of survivin expression in esophageal
adenocarcinoma and cancer-adjacent squamous epithelium.
PLoS One. 2013; 8: e78343. https://doi.org/10.1371/journal.
pone.0078343. [PubMed].
3. DʼJourno XB, Thomas PA. Current management of
esophageal cancer. J Thorac Dis. 2014; 6:S253–64. https://
doi.org/10.3978/j.issn.2072-1439.2014.04.16. [PubMed].
4. Noone AM, Cronin KA, Altekruse SF, Howlader N, Lewis
DR, Petkov VI, Penberthy L. Cancer Incidence and Survival
Trends by Subtype Using Data from the Surveillance
Epidemiology and End Results Program, 1992-2013.
Cancer Epidemiol Biomarkers Prev. 2017; 26: 632–41.
https://doi.org/10.1158/1055-9965.EPI-16-0520. [PubMed].
5. Geh JI, Crellin AM, Glynne-Jones R. Preoperative
(neoadjuvant) chemoradiotherapy in oesophageal cancer.
Br J Surg. 2001; 88: 338–56. https://doi.org/10.1046/j.13652168.2001.01670.x. [PubMed].

Abbreviations
EAC:
Esophageal
adenocarcinomas;
CR:
complete response; DFS: disease-free survival; CRT:
chemoradiation therapy; OS: overall survival; PFS:
progression-free
survival;
NCCN:
National
Comprehensive Cancer Network; FFPE: formalinfixed paraffin-embedded; LCM: laser capture
microdissection; RQ: relative quantification; IHC:
immunohistochemistry.

6. Taketa T, Sudo K, Correa AM, Wadhwa R, Shiozaki H,
Elimova E, Campagna MC, Blum MA, Skinner HD,
Komaki RU, Lee JH, Bhutani MS, Weston BR, et al. Postchemoradiation surgical pathology stage can customize
the surveillance strategy in patients with esophageal
adenocarcinoma. J Natl Compr Canc Netw. 2014; 12: 1139–
44. https://doi.org/10.6004/jnccn.2014.0111. [PubMed].
7. Meguid RA, Hooker CM, Taylor JT, Kleinberg LR,
Cattaneo SM 2nd, Sussman MS, Yang SC, Heitmiller RF,
Forastiere AA, Brock MV. Recurrence after neoadjuvant
chemoradiation and surgery for esophageal cancer:
does the pattern of recurrence differ for patients with
complete response and those with partial or no response?
J Thorac Cardiovasc Surg. 2009; 138: 1309–17. https://doi.
org/10.1016/j.jtcvs.2009.07.069. [PubMed].

Author Contributions
This manuscript was drafted by LB, JK, VJ, NC, PZ,
AO, MS, AJ, RK, BJ, and AZ and was critically reviewed
by AJ, RK, BJ, and AZ.

ACKNOWLEDGMENTS

8. OʼSullivan KE, Hurley ET, Hurley JP. Understanding
Complete Pathologic Response in Oesophageal
Cancer: Implications for Management and Survival.
Gastroenterol Res Pract. 2015; 2015: 518281. https://doi.
org/10.1155/2015/518281. [PubMed].

N/A

CONFLICTS OF INTEREST
The authors declare that the research was conducted
in the absence of any commercial or financial relationships
that could be construed as potential conflict of interest.

9. Donohoe CL, O'Farrell NJ, Grant T, King S, Clarke L,
Muldoon C, Reynolds JV. Classification of pathologic
response to neoadjuvant therapy in esophageal and
junctional cancer: assessment of existing measures and
proposal of a novel 3-point standard. Ann Surg. 2013;
258:784–92; discussion 92. https://doi.org/10.1097/
SLA.0b013e3182a66588. [PubMed].

FUNDING DISCLOSURE
The authors state that this work has not received any
funding.

10. Galluzzi L, Vitale I, Kroemer G. Past, present, and future of
molecular and cellular oncology. Front Oncol. 2011; 1: 1.
https://doi.org/10.3389/fonc.2011.00001.

REFERENCES

11. Albini A, Sporn MB. The tumour microenvironment as a
target for chemoprevention. Nat Rev Cancer. 2007; 7: 139–
47. https://doi.org/10.1038/nrc2067. [PubMed].

1. Pennathur A, Gibson MK, Jobe BA, Luketich JD.
Oesophageal carcinoma. Lancet. 2013; 381: 400–12. https://
doi.org/10.1016/S0140-6736(12)60643-6.
www.oncotarget.com

4553

Oncotarget

12. Carmeliet P, Jain RK. Molecular mechanisms and clinical
applications of angiogenesis. Nature. 2011; 473: 298–307.
https://doi.org/10.1038/nature10144. [PubMed].

24. Andrews LP, Marciscano AE, Drake CG, Vignali DA.
LAG3 (CD223) as a cancer immunotherapy target.
Immunol Rev. 2017; 276: 80–96. https://doi.org/10.1111/
imr.12519. [PubMed].

13. Rabinovich GA, Gabrilovich D, Sotomayor EM.
Immunosuppressive strategies that are mediated by tumor
cells. Annu Rev Immunol. 2007; 25: 267–96. https://
doi.org/10.1146/annurev.immunol.25.022106.141609.
[PubMed].

25. Turnis ME, Andrews LP, Vignali DA. Inhibitory receptors
as targets for cancer immunotherapy. Eur J Immunol. 2015;
45: 1892–905. https://doi.org/10.1002/eji.201344413.
[PubMed].

14. Rooney MS, Shukla SA, Wu CJ, Getz G, Hacohen N.
Molecular and genetic properties of tumors associated with
local immune cytolytic activity. Cell. 2015; 160: 48–61.
https://doi.org/10.1016/j.cell.2014.12.033. [PubMed].

26. Zhang C, Li Z, Xu L, Che X, Wen T, Fan Y, Li C, Wang S,
Cheng Y, Wang X, Qu X, Liu Y. CXCL9/10/11, a regulator
of PD-L1 expression in gastric cancer. BMC Cancer. 2018;
18: 462. https://doi.org/10.1186/s12885-018-4384-8.
[PubMed].

15. Gajewski TF, Schreiber H, Fu YX. Innate and adaptive
immune cells in the tumor microenvironment. Nat
Immunol. 2013; 14: 1014–22. https://doi.org/10.1038/
ni.2703. [PubMed].

27. Ding Q, Lu P, Xia Y, Ding S, Fan Y, Li X, Han P, Liu J,
Tian D, Liu M. CXCL9: evidence and contradictions for its
role in tumor progression. Cancer Med. 2016; 5: 3246–59.
https://doi.org/10.1002/cam4.934. [PubMed].

16. Nguyen LT, Ohashi PS. Clinical blockade of PD1 and
LAG3–potential mechanisms of action. Nat Rev Immunol.
2015; 15: 45–56. https://doi.org/10.1038/nri3790.
[PubMed].

28. Verbeke H, Geboes K, Van Damme J, Struyf S. The role of
CXC chemokines in the transition of chronic inflammation
to esophageal and gastric cancer. Biochim Biophys
Acta. 2012; 1825: 117–29. https://doi.org/10.1016/j.
bbcan.2011.10.008. [PubMed].

17. Pardoll DM. The blockade of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer. 2012; 12: 252–64. https://
doi.org/10.1038/nrc3239. [PubMed].

29. Sakuishi K, Apetoh L, Sullivan JM, Blazar BR, Kuchroo
VK, Anderson AC. Targeting Tim-3 and PD-1 pathways to
reverse T cell exhaustion and restore anti-tumor immunity.
J Exp Med. 2010; 207: 2187–94. https://doi.org/10.1084/
jem.20100643. [PubMed].

18. Thompson ED, Zahurak M, Murphy A, Cornish T, Cuka
N, Abdelfatah E, Yang S, Duncan M, Ahuja N, Taube JM,
Anders RA, Kelly RJ. Patterns of PD-L1 expression and
CD8 T cell infiltration in gastric adenocarcinomas and
associated immune stroma. Gut. 2017; 66: 794–801. https://
doi.org/10.1136/gutjnl-2015-310839. [PubMed].

30. Zhu C, Sakuishi K, Xiao S, Sun Z, Zaghouani S, Gu G,
Wang C, Tan DJ, Wu C, Rangachari M, Pertel T, Jin HT,
Ahmed R, et al. An IL-27/NFIL3 signalling axis drives
Tim-3 and IL-10 expression and T-cell dysfunction.
Nat Commun. 2015; 6: 6072. https://doi.org/10.1038/
ncomms7072. [PubMed].

19. Kelly RJ, Zaidi AH, Smith MA, Omstead AN, Kosovec
JE, Matsui D, Martin SA, DiCarlo C, Werts ED, Silverman
JF, Wang DH, Jobe BA. The Dynamic and Transient
Immune Microenvironment in Locally Advanced
Esophageal Adenocarcinoma Post Chemoradiation.
Ann Surg. 2018; 268: 992–9. https://doi.org/10.1097/
SLA.0000000000002410. [PubMed].

31. Xie J, Wang J, Cheng SH, Zheng L, Ji F, Yang L, Zhang
Y, Ji H. Expression of immune checkpoints in T cells of
esophageal cancer patients. Oncotarget. 2016; 7: 63669–78.
https://doi.org/10.18632/oncotarget.11611. [PubMed].

20. Galluzzi L, Senovilla L, Zitvogel L, Kroemer G. The secret
ally: immunostimulation by anticancer drugs. Nat Rev Drug
Discov. 2012; 11: 215–33. https://doi.org/10.1038/nrd3626.
[PubMed].

32. Prendergast GC, Malachowski WP, DuHadaway JB,
Muller AJ. Discovery of IDO1 Inhibitors: From Bench
to Bedside. Cancer Res. 2017; 77: 6795–811. https://doi.
org/10.1158/0008-5472.CAN-17-2285. [PubMed].

21. Tanaka T, Nakamura J, Noshiro H. Promising
immunotherapies for esophageal cancer. Expert Opin Biol
Ther. 2017; 17: 723–33. https://doi.org/10.1080/14712598.
2017.1315404. [PubMed].

33. Prendergast GC, Smith C, Thomas S, Mandik-Nayak
L, Laury-Kleintop L, Metz R, Muller AJ. Indoleamine
2,3-dioxygenase pathways of pathogenic inflammation and
immune escape in cancer. Cancer Immunol Immunother.
2014; 63: 721–35. https://doi.org/10.1007/s00262-0141549-4. [PubMed].

22. Emens LA, Ascierto PA, Darcy PK, Demaria S, Eggermont
AMM, Redmond WL, Seliger B, Marincola FM. Cancer
immunotherapy: Opportunities and challenges in the rapidly
evolving clinical landscape. Eur J Cancer. 2017; 81: 116–
29. https://doi.org/10.1016/j.ejca.2017.01.035. [PubMed].

34. Mondal A, Smith C, DuHadaway JB, Sutanto-Ward E,
Prendergast GC, Bravo-Nuevo A, Muller AJ. IDO1 is an
Integral Mediator of Inflammatory Neovascularization.
EBioMedicine. 2016; 14: 74–82. https://doi.org/10.1016/j.
ebiom.2016.11.013. [PubMed].

23. Lee PC, Mirza FM, Port JL, Stiles BM, Paul S, Christos
P, Altorki NK. Predictors of recurrence and disease-free
survival in patients with completely resected esophageal
carcinoma. J Thorac Cardiovasc Surg. 2011; 141: 1196–
206. https://doi.org/10.1016/j.jtcvs.2011.01.053. [PubMed].
www.oncotarget.com

35. Indoximod Combo Triggers Responses JC. in
Melanoma. Cancer Discov. 2017; 7:542–3. https://doi.
org/10.1158/2159-8290.CD-NB2017-056. [PubMed].
4554

Oncotarget

36. Muller AJ, Manfredi MG, Zakharia Y, Prendergast GC.
Inhibiting IDO pathways to treat cancer: lessons from the
ECHO-301 trial and beyond. Semin Immunopathol. 2019;
41: 41–8. https://doi.org/10.1007/s00281-018-0702-0.
[PubMed].

38. Baras AS, Drake C, Liu JJ, Gandhi N, Kates M, Hoque
MO, Meeker A, Hahn N, Taube JM, Schoenberg MP,
Netto G, Bivalacqua TJ. The ratio of CD8 to Treg tumorinfiltrating lymphocytes is associated with response to
cisplatin-based neoadjuvant chemotherapy in patients
with muscle invasive urothelial carcinoma of the bladder.
Oncoimmunology. 2016; 5: e1134412. https://doi.org/10.1
080/2162402X.2015.1134412. [PubMed].

37. Matsui D, Zaidi AH, Martin SA, Omstead AN, Kosovec JE,
Huleihel L, Saldin LT, DiCarlo C, Silverman JF, Hoppo T,
Finley GG, Badylak SF, Kelly RJ, Jobe BA. Primary tumor
microRNA signature predicts recurrence and survival in
patients with locally advanced esophageal adenocarcinoma.
Oncotarget. 2016; 7: 81281–91. https://doi.org/10.18632/
oncotarget.12832. [PubMed].

www.oncotarget.com

39. Contal C, O'Quigley J. An application of changepoint
methods in studying the effect of age on survival in breast
cancer. Computational Statistics & Data Analysis. 1999; 30:
253–70. https://doi.org/10.1016/S0167-9473(98)00096-6.

4555

Oncotarget

