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Background: Immune checkpoint inhibitors (ICIs) play an important role in the treatment of esophageal
cancer (EC). However, their efficacy is variable, and there are still no effective and convenient biomarkers to
identify and assess their efficacy. In recent years, programmed cell death-ligand 1 (PD-L1) expression, tumor
mutation burden (TMB) and other commonly used biomarkers still cannot meet clinical needs. PNI is easy
to obtain and its predictive value for the prognosis of immunotherapy has been confirmed in many cancer
species, but the relationship between PNT and the efficacy of immunotherapy for esophageal cancer is still
unclear. Therefore, this study aims to explore the predictive value of PNI in advanced esophageal cancer
treated with ICIs.

Methods: The clinicopathological features of 78 patients with advanced EC who received immunotherapy
in the 900th Hospital of the Joint Logistics Team from September 2018 to May 2022 were retrospectively
analyzed. The laboratory test results within 10 days prior to the start of ICI treatment were recorded,
including absolute lymphocyte count and albumin (ALB) level. Meanwhile, the effects of pre-treatment
prognostic nutritional index (PNI) and body mass index (BMI) on the overall survival (OS) and progression-
free survival (PFS) in patients with advanced EC were analyzed.

Results: The median age of the enrolled patients was 58 years, and 38 patients (48.7%) received second-
or-later-line therapy. The median progression-free survival (mPFS) and median overall survival (mOS) were
7.4 months and 13 months, respectively. The mPFS and mOS were 8.8 months and 15 months, respectively,
in the high baseline PNI subgroup, which were significantly higher than those in the low baseline PNI
subgroup (4.7 and 8.2 months, respectively; both P<0.05). Multivariate regression analysis showed that low
baseline PNI was an independent predictor of poor PFS [hazard studio (HR) =0.35, 95% CI: 0.14-0.85,
P=0.020) and poor OS (HR =0.41, 95% CI: 0.17-0.99, P=0.047) and treatment line was an independent
predictor of PFS. Baseline BMI was not significantly associated with prognosis.

Conclusions: PNI is a simple and effective biomarker for predicting the prognosis of immunotherapy in
patients with advanced EC, although further prospective studies are warranted.
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Introduction

Esophageal cancer (EC) is the seventh most common
type of cancer in the world and the sixth leading cause of
cancer-related death (1). China has the most cases of EC
worldwide (2). At present, the prognosis of EC remains poor,
mainly because most EC cases are detected at an advanced
stage and the efficacies of conventional treatments are limited.
In recent years, immunotherapy has provided new insight
into anti-tumor treatment and has achieved gratifying results
in the management of EC. As shown in a series of clinical
trials including KEYNOTEI181 (3), KEYNOTES90 (4),
and CheckMate648 (5), immune checkpoint inhibitors
(ICIs) can prolong progression-free survival (PFS) and
overall survival (OS) in patients with advanced EC. Thus,
immunotherapy has increasingly been applied in the first-
and second-line treatment of advanced EC.

The efficacies of immunotherapy for EC vary
dramatically, which poses a major challenge to screening
the appropriate recipients using feasible response
indicators. At present, people are still exploring effective
and convenient biomarkers. Programmed cell death-
Ligand 1 (PD-L1) expression is a well-known biomarker for
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predicting the efficacy of immunotherapy. Its positive often
indicates better efficacy, but its cut-off point is not clear.
Microsatellite instability-High (MSI-H) is relatively rare in
patients with esophageal squamous cell carcinoma. tumor
mutation burden (TMB) is expensive and difficult to meet
clinical needs. From the perspective of acquisition, blood
biomarkers are more popular than tumor tissue biomarkers.
Therefore, if they can have excellent prognostic value, they
will have a broader prospect. Malnutrition can adversely
affect the outcomes of cancer patients by reducing treatment
tolerability, increasing side effects, and thus decreasing
efficacy (6). The prognostic nutritional index (PNI), a
parameter combining serum albumin (ALB) concentration
and absolute lymphocyte count, reflects the immune and
nutritional status of tumor patients and has been shown
to be a positive prognostic marker for various malignant
tumors (7-11). However, it is mainly based on retrospective
research and its clinical significance and prognostic value for
advanced EC after immunotherapy remain uncertain. Here
we retrospectively investigated the effect of PNI on OS and
PFS in advanced EC patients treated with immunotherapy.
We present the following article in accordance with the
REMARK reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-23-48/rc).

Methods
Study design

Our study is a retrospective cohort study from September
2018 to May 2022. The number of cases meeting the
inclusion criteria during the study period determined
the sample size. The primary objective was to correlate
PNI with PFS, defined as the time from the initiation of
treatment with ICIs to disease progression detected by
imaging (contrast-enhanced CT) or laboratory indicators
(e.g., CEA and CA199). OS was defined as time from ICI
treatment to death from any cause. The primary endpoint
was PFS; the secondary endpoint was OS. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). The study was approved by institutional
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A total of 83 patients with advanced esophageal

cancer treated with PD-1 inhibitors in our

department from September 2018 to May 2022

Y
[ 81 patients were eligible j

;( 2 patients had multiple tumors j

Y

=( 3 patients had incomplete baseline data J

[ Finally, 78 patients were included in this study j

Figure 1 Patient selection process. PD-1, programmed cell death protein 1.

ethics board of the 900th Hospital of the Joint Logistics
Team (No. 2022-031) and individual consent for this
retrospective analysis was waived.

Patient information

A total of 83 patients with advanced EC who received
immunotherapy in the 900th Hospital of the Joint Logistics
Team from September 2018 to May 2022 were enrolled in
this retrospective analysis. The inclusion criteria were as
follows: (I) aged >18 years; (II) with an Eastern Cooperative
Oncology Group (ECOG) performance status score of
<1; (III) with a histopathologically confirmed diagnosis
of esophageal malignancy; (IV) with locally advanced or
metastatic/recurrent inoperable cancer; (V) <I assessable
lesion before treatment [according to the Response
Evaluation Criteria in Solid Tumors (RECIST) version
1.1]; and (VI) without any co-infection or serious systemic
disease before treatment. The exclusion criteria were as
follows: (I) complicated by other malignancies in addition
to cured skin basal cells, squamous cell carcinoma, or any
other carcinoma i situ; (II) developing any abnormal
myeloproliferative and other hematopoietic disorders before
treatment; (III) with human immunodeficiency virus (HIV)
infection or viral hepatitis that requires treatment; and
(IV) with other serious systemic diseases require medical
intervention. Accordingly, 5 patients were excluded: 3 due
to incomplete baseline data and 2 due to the presence of
other malignancies. Thus, 78 patients entered the final
analysis (Figure I).

Treatments
Participants received intravenous anti-programmed cell

death protein 1 (PD-1) drugs every 3 weeks, with or
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without chemotherapy and/or radiotherapy, until disease
progression, unacceptable toxicity, or patient refusal.
The ICIs used included camrelizumab, pembrolizumab,
nivolumab, sintilimab, tislelizumab, and toripalimab. The
therapeutic dose was 240 mg every 3 weeks for tislelizumab
and 200 mg every 3 weeks for the remaining ICIs. Tumor
responses were assessed every 6-8 weeks using contrast-
enhanced computed tomography (CT) according to the
RECIST (12).

The 3-week adjuvant or palliative chemotherapy regimens
comprised the following: (I) fluorouracil plus cisplatin:
cisplatin 60-80 mg/m’, IV, d1; fluorouracil 1,000 mg/m’
per day, IV, d1-d5. (II) paclitaxel plus cisplatin: paclitaxel
150175 mg/m’, IV, d1 or 80 mg/m’, IV, d1 and d8; cisplatin
60-75 mg/m’, IV, d1 or d2. (IIT) docetaxel plus platinum:
docetaxel 60-75 mg/m’, IV, d1 or 30-35 mg/m’, TV, d1-
d2; cisplatin 70 mg/m’, IV, d1 or nedaplatin 50 mg/m’,
IV, d1. and (IV) docetaxel monotherapy: docetaxel 60—
75 mg/m’, 1V, d1, repeated every 3 weeks. Considering
the toxicities of combination therapies, we did not use any
combination containing 3 or more chemotherapeutic drugs.
Participants received 2 cycles of concurrent chemotherapy
regimens, which included cisplatin (25 mg/m’ IV, d1-d3,
every 3 weeks) plus paclitaxel (135 mg/m’ 1V, d1, every
3 weeks).

Radiotherapy regimens included radical concurrent
chemoradiotherapy at doses of 50-60 Gy and postoperative
adjuvant radiotherapy at doses of 45-50.4 Gy (RO resection
was achieved in all cases), with radiation therapy divided
into 28 fractions (total dose: 50.4 Gy).

Data collection

Data were collected through electronic medical records and
telephone follow-up. The baseline characteristics included
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Table 1 Patient characteristics

Variables Number (%) or median [range]
Age, years 58 [46-87]
<60 42 (53.8)
>60 36 (46.2)
Sex
Male 65 (83.3)
Female 13 (16.7)
Pathological type
Sqguamous carcinoma 73 (93.6)
Others 5(6.4)
Metastasis
No 24 (30.8)
Yes 54 (69.2)
Site of metastasis
Lung 24 (30.8)
Liver 16 (20.5)
Bone 7 (9.0
Lymph node outside chest 39 (50.0)
Others 4(5.1)
PD-L1 status
CPS <5 8(10.3)
CPS =5 13 (16.7)
Unknown 57 (73.1)
Histological grade
Poorly differentiated 35 (44.9)
Moderately differentiated 27 (34.6)
Well differentiated 16 (20.5)
Treatment line
1% line 40 (51.3)
>2" line 38 (48.7)
Immune checkpoint inhibitors
Camrelizumab 41 (52.6)
Nivolumab 1(1.3)
Pembrolizumab 4(5.1)
Sintilimab 19 (24.4)
Tislelizumab 8(10.3)
Toripalimab 5(6.4)

PD-L1, programmed death ligand-1; CPS, combined positive
score.
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demographic data (age and sex), height, weight, degree of
tumor differentiation, disease status (presence or absence of
distant metastases), site of metastasis, treatment line, type
of ICIs used, and laboratory findings. The laboratory test
results within 10 days prior to the start of ICI treatment
were recorded, including absolute lymphocyte count and
ALB level. The following formulae were applied: body mass
index (BMI) = body weight (kg)/height’ (m’); prognostic
nutritional index (PNI) = ALB (g/L) + 5 x total lymphocyte
count (10°/L) (13).

Statistical analysis

The critical values for PNI and BMI were calculated
using the X-Tile software (Brady Memorial Laboratory,
New Haven, CT, USA). Survivals were analyzed using
the Kaplan-Meier method, and the comparisons of these
survival curves were based on the log-rank test. Cox
proportional hazards regression model was used to analyze
the factors affecting PFS and OS and to calculate the hazard
ratio (HR) and the 95% confidence interval (CI). The
multivariate analysis included statistically significant factors
(P<0.1) that had been identified in the univariate analysis
and was performed by using the forward elimination model.
All P values reported are 2-tailed, and values of P<0.05 were
considered statistically significant. The statistical analyses
were performed using the software SPSS 26.0 IBM Corp.,
Armonk, NY, USA) and R language (version 4.2.1; The R
Foundation for Statistical Computing, Vienna, Austria).

Results
Baseline pathological features

Retrospective analysis of these 78 patients showed the
median age was 58 years, the vast majority (83.3%) of
these patients were males, and esophageal squamous cell
carcinoma accounted for 93.6% (Table I). Distant metastases
were common (69.2%), among which extramediastinal
lymph nodes (50%) and lungs (30.8%) were the most
commonly affected sites. About half (51.3%) of the patients
received first-line treatment. Camrelizumab was the most
commonly used anti-PD-1 drug.

Impact of PNI on prognosis

The OS and PFS were 13 months and 7.4 months,
respectively, in these 78 patients (Figure 2). The cut-
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Figure 2 The Kaplan—-Meier curves of PES (A) and OS (B) in the whole population. PES, progression-free survival; OS, overall survival;

mPFS, median progression-free survival; mOS, median overall survival.
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Figure 3 The Kaplan—-Meier curves of PFS (A) and OS (B) according to PNI. PFS, progression-free survival; OS, overall survival; PNI,

prognostic nutrition index; mPFS, median progression-free survival; mOS, median overall survival.

off values for BMI and PNI were set at 18.8 and 40.6,
respectively, by using the X-Tile software. As shown in
Figure 3, the median PFS and OS in the high-PNI group
were significantly longer than those in the low-PNI group
(8.8 vs. 4.7 months, P<0.001; 15 vs. 8.2 months, P=0.002).
In addition, PFS and OS were significantly prolonged after
first-line therapy (Figure 4).

Influencing factors of PFS and OS

We used a Cox proportional hazards regression model
to analyze the potential influencing factors of PFS and
OS. Univariate analysis showed that treatment line (HR
=2.77, 95% CI: 1.63-4.73, P<0.001; HR =2.21, 95%
CI: 1.20-4.07, P=0.011) and PNI value (HR =0.23, 95%

© Journal of Gastrointestinal Oncology. All rights reserved.

CI: 0.10-0.55, P=0.001; HR =0.28, 95% CI: 0.12-0.65,
P=0.003) were significantly correlated with PFS and OS.
Meanwhile, poor tumor differentiation (HR =2.22, 95% CI:
1.04-4.72, P=0.040) was significantly associated with poor
PFS; however, age, gender, presence or absence of distant
metastases, baseline BMI, and programmed death ligand-1
(PD-L1) status were not significantly correlated with PFS
or OS (all P>0.05) (Table 2).

Multivariate analysis of the above statistically significant
indicators showed that the treatment line remained an
independent predictor of PFS (HR =2.45, 95% CI: 1.39-
4.29, P=0.002), whereas baseline high PNI was associated
with longer PFS (HR =0.35, 95% CI: 0.14-0.85, P=0.02)
and OS (HR =0.41, 95% CI: 0.17-0.99, P=0.047) (Table 2,
Figures 5,6).
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Figure 4 The Kaplan—Meier curves of PES (A) and OS (B) according to treatment line. PES, progression-free survival; OS, overall survival;

mPFS, median progression-free survival; mOS, median overall survival.

Table 2 Univariate and multivariate analyses of PFS and OS

PFS oS
Variables Univariate Multivariate Univariate Multivariate
HR (95% Cl) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Sex (female) 0.70 (0.32-1.54) 0.373 0.67 (0.26-1.70) 0.395
Age (=60 years) 0.84 (0.50-1.42) 0.521 0.70 (0.38-1.29) 0.248
Metastasis (no) 1.15(0.67-1.99) 0.607 0.88 (0.48-1.65) 0.699
Histological grade

Moderately 2.11 (0.95-4.67) 0.065 1.54(0.68-3.48) 0.352 2.23(0.92-5.41) 0.076 1.57 (0.64-4.00) 0.344

Poorly 2.22 (1.04-4.72) 0.040 1.98(0.92-4.26) 0.082 1.70(0.71-4.05) 0.235 1.51(0.63-3.65) 0.360
PD-L1 expression (CPS =5) 1.29 (0.46-3.63) 0.636 1.83 (0.50-6.67) 0.361
Treatment line (=2" line) 2.77 (1.63-4.73) <0.001 2.45(1.39-4.29) 0.002 2.21(1.20-4.07) 0.011 1.81(0.94-3.49) 0.076
BMI (=18.8 kg/m?) 0.72 (0.39-1.32) 0.293 0.62 (0.32-1.20) 0.157
PNI (=40.6) 0.23 (0.10-0.55) 0.001 0.35(0.14-0.85) 0.020 0.28 (0.12-0.65) 0.003 0.41(0.17-0.99) 0.047

PD-L1, programmed death ligand-1; CPS, combined positive score; PFS, progression-free survival; OS, overall survival; Cl, confidence
interval; HR, hazard ratio; BMI, body mass index; PNI, prognostic nutrition index.

Discussion

Although ICIs have become a new treatment for EC, the
factors affecting their efficacy are still unclear. Although
PD-L1 expression is currently a well-known biomarker for
assessing the efficacy of immunotherapy, a meta-analysis
involving immunotherapy for multiple cancers revealed that
immunotherapy can significantly improve patient outcomes
regardless of PD-L1 status; however, a study has shown that
immunotherapy is less effective in patients with negative
PD-L1 expression (14). Thus, a variety of factors can affect

© Journal of Gastrointestinal Oncology. All rights reserved.

the efficacy of ICIs. Many biomarkers for immunotherapy
have been available, including microsatellite instability/
mismatch repair deficiency (MSI/dMMR), tumor mutation
burden (TMB), tumor infiltrating lymphocytes (TILS),
tertiary lymphoid structures (TLS), PNI, neutrophil-
lymphocyte ratio (NLR), and lactate dehydrogenase
(LDH) (15). However, immature detection technology,
difficulty in obtaining specimens, and high prices limit the
application of these biomarkers in clinical practice.

Thus, the roles of nutrition- and inflammation-
related indicators in immunotherapy have increasingly
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Variables Number HR (95% Cl)
Histological grade

Well 16

Moderately 27 1.54 (0.68-3.48)

Poorly 35 1.98 (0.92-4.26)
Treatment line

1st line 40

>2nd line 38 2.45 (1.39-4.29)
PNI

<40.6 7

>40.6 71 0.35 (0.14-0.85)
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Figure 5 Univariate Cox regression models for progression-free survival. PNI, prognostic nutrition index; CI, confidence interval; HR,

hazard ratio.

Variables Number HR (95% Cl)
Histological grade

Well 16

Moderately 27 1.57 (0.64-4.00)

Poorly 35 1.51 (0.63-3.65)
Treatment line

1st line 40

>2nd line 38 1.81 (0.94-3.49)
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Figure 6 Univariate Cox regression models for overall survival. PNI, prognostic nutrition index; CI, confidence interval; HR, hazard ratio.

been recognized. BMI is a simple and easily available
nutrition indicator. In a retrospective analysis of metastatic
melanoma, McQuade ez 4/. (16) showed that high BMI was
positively correlated with improved prognosis. Similarly,
Martini et al. (17) found in a phase 1 trial that higher
BMI was associated with longer PFS (HR =0.96, 95% CI:
0.92-1.00; P=0.03) and OS (HR =0.92, 95% CI: 0.87-0.97;
P=0.001) in patients receiving immunotherapy for advanced
solid tumors. However, in another study of metastatic
melanoma treated with ICIs, BMI was not significantly
associated with OS or PFS (18). There is still no robust
evidence base that unravels the relationship between BMI
and immunotherapy efficacy. In our current study, we also
did not find an association between BMI and prognosis,
which needs to be further explored by prospective studies
with larger sample sizes.

PNI includes ALB and lymphocyte count, which reflect
the nutritional and immunological status, respectively.
Up to 90% of upper gastrointestinal cancer patients
have nutritional problems (19), which is mainly caused
by reduced food intake (due to dysphagia, decreased
appetite, and other factors) and increased nutrition

© Journal of Gastrointestinal Oncology. All rights reserved.

consumption by tumors. Malnutrition has long been
considered a risk factor for tumor prognosis (20). The
tumor microenvironment is another important factor in
tumorigenesis. The inflammatory factors can substantially
affect tumor cell growth, angiogenesis, and tumor invasion/
metastasis by recruiting T lymphocytes, tumor-associated
macrophages, and circulating cytokines (21). Lymphocytes
play a key role in adaptive immunity. A decrease in the
number of lymphocytes may reduce the ability of the
immune system to inhibit tumor cell proliferation and
metastasis, thereby promoting tumor progression (22,23).
The combination of these 2 factors can better reflect the
host conditions. Onodera et /. (13) initially used PNI to
assess immunotrophic status and surgical risks in patients
undergoing gastrointestinal surgery. Subsequently, PNI
has been applied in gastric cancer (8), lung cancer (9),
liver cancer (10), pancreatic cancer (11), and many other
cancers, and research on EC has mostly related to surgical
prognosis (24,25). In a meta-analysis of 11 studies involving
3,425 patients with EC (26), low PNI value was associated
with poor prognosis and was an independent predictor

of PFS and OS; in addition, male gender, older age, and
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advanced tumors were associated with low PNI, but PNI
was not significantly associated with tumor grade or distant
metastasis. A retrospective case-control study with an age-
and gender-matched control cohort indicated that high
Onodera’s PNI (>33) was the most significant nutritional
predictors of better survival (27). In our current study, we
retrospectively analyzed the potential influencing factors
affecting immunotherapy in patients with advanced EC,
and the results were consistent with the above studies: the
low baseline PNI value before treatment was associated
with poor prognosis and was an independent predictor
of PFS and OS. Since lymphocyte count and ALB level
are routinely tested, PNI is a much more convenient and
economical indicator compared to predictive markers
that require the harvesting of histological specimens. For
patients with low baseline PNI, timely and individualized
nutritional and immunological interventions may improve
the prognosis of patients.

Furthermore, PFS was significantly longer after first-line
treatment than after second-or-later-line treatment (median
PFS: 14.1 vs. 5 months), which was further confirmed
by multivariate analysis. The KEYNOTES90 study (4)
laid the foundation for the first-line immunotherapy for
advanced EC, and the CheckMate648 study (5) found that
dual immunotherapy could significantly prolong survivals
in patients with unresectable advanced or metastatic
esophageal squamous cell carcinoma. Nevertheless, more
studies should be carried out to optimize the first-line
treatment of advanced EC. In addition, univariate analysis
of the degree of tumor differentiation showed that poor
differentiation was significantly associated with short
PFS, which, however, was not found in the multivariate
analysis. In a study of immunotherapy for advanced head
and neck squamous cell carcinoma, the response rate to
immunotherapy was 5.35-fold higher in the high-grade
group (moderately- and well-differentiated) than that in
the lower-grade group (poorly-differentiated), suggesting
tumor histological grade was an independent predictor of
immunotherapy response (28). Poor tumor differentiation
implies a high degree of malignancy and may be associated
with a poor prognosis, which also needs to be further
investigated in clinical settings.

Our research had some limitations. First, due to its
single-center, retrospective design, our current study had
a small sample size and might have involved selection/
information biases. Second, since most of our participants
were not tested for PD-L1 status, we did not compare its
prognostic value with PNI, and its impact on prognosis
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might also be affected by the small sample size. Therefore,
further prospective studies with large sample sizes are
warranted.

Conclusions

Low PNI is associated with poor PFS and OS and can
be used as a predictor of immunotherapy response in EC
patients. For patients with low PNI values, their nutritional
and immunological status should be carefully monitored and
actively intervened, in order to improve survival outcomes.
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