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Objective. Programmed cell death-1 (PD-1) inhibitors have shown potency for neoadjuvant therapy in several cancers, while their
administration combined with concurrent chemoradiotherapy (CCRT) as a neoadjuvant therapy for locally advanced esophageal
squamous-cell carcinoma (ESCC) is seldom reported. Te current study aimed to investigate the pathological response, survival,
and safety of neoadjuvant PD-1 inhibitor plus CCRT in locally advanced ESCC patients. Methods. Twenty-fve locally advanced
ESCC patients who underwent PD-1 inhibitor plus CCRT neoadjuvant therapy were retrospectively reviewed. Data regarding
radiological response, pathological response, disease-free survival (DFS), overall survival (OS), and adverse events were retrieved.
Results. Two (8.0%), 14 (56.0%), 9 (36.0%), and 0 (0.0%) patients had a clinical response of complete response, partial response,
stable disease, and progressive disease after neoadjuvant therapy by radiological evaluations, respectively. Notably, 25 (100.0%)
patients had successful tumor resections, 24 (96.0%) patients realized R0 resection, and 13 (52.0%) patients achieved pathological
complete response (pCR) by pathological evaluations. Regarding survival profles, the 1-year and 2-year accumulating DFS rates
were 90.0% and 74.6%, respectively; then, the 1-year and 2-year accumulating OS rates were 95.5% and 90.4%, respectively. Te
top prevalent adverse events were fatigue (48.0%), nausea and vomiting (40.0%), leukopenia (36.0%), neutropenia (36.0%), and
peripheral neuropathy (36.0%). In addition, grades 3-4 adverse events included peripheral neuropathy (12.0%), nausea and
vomiting (4.0%), leukopenia (4.0%), neutropenia (4.0%), anemia (4.0%), and pruritus (4.0%). Conclusion. Neoadjuvant PD-1
inhibitor plus CCRTshows a good efcacy and acceptable tolerance for locally advanced ESCC treatment, but further large-scale
study validation is needed.

1. Introduction

Esophageal carcinoma ranks as the seventh most prevalent
cancer and the sixth leading cause of cancer-related deaths
worldwide according to the most recent Global Cancer
Statistics Report [1], among which esophageal squamous-
cell carcinoma (ESCC) accounts for the majority [2, 3].
Regarding early stage ESCC patients with less invasion,
tumor resection is the primary choice for curative treatment
[4]; however, for most cases, ESCC is diagnosed at an ad-
vanced stage that loses the chance for curative resection,
leading to worse outcomes [5]. Fortunately, the introduction

of neoadjuvant therapy increases the opportunity for tumor
resection and improves the long-term prognosis in some
advanced ESCC patients, such as locally advanced ESCC
patients [6, 7].

Programmed cell death-1 (PD-1) inhibitor is a milestone
in cancer immunotherapy and has been largely applied and
has greatly improved the prognosis of various cancers
[8–11]. In terms of ESCC, several studies have suggested an
encouraging beneft of PD-1 inhibitor administration in
advanced diseases [12, 13]. In addition, some recent trials
uncovered the potency of PD-1 inhibitor plus chemotherapy
as a neoadjuvant regimen for locally advanced ESCC
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treatment [14–16]. For instance, a recent study revealed that
neoadjuvant PD-1 inhibitor plus chemotherapy achieves
a 96.3% R0 resection rate and a 33.3% pathological complete
response (pCR) rate in locally advanced ESCC patients [14];
another trial showed that PD-1 inhibitor plus chemotherapy
as neoadjuvant administration achieves a 100.0% R0 re-
section rate and 36.0% pCR rate in locally advanced ESCC
patients [15]. However, the administration of neoadjuvant
PD-1 inhibitor plus concurrent chemoradiotherapy (CCRT)
for locally advanced ESCC has seldom been investigated.

Terefore, the current study aimed to explore the
pathological response, survival, and safety profles of neo-
adjuvant PD-1 inhibitor plus CCRT in locally advanced
ESCC patients.

2. Methods

2.1. Patients. Tis research reviewed twenty-fve locally
advanced ESCC patients who received PD-1 inhibitor plus
CCRTas neoadjuvant therapy in our hospitals from January
2020 to March 2022. Te screening criteria were as follows:
(a) patients were diagnosed with ESCC by gastroscopy and
pathological examination; (b) patients were above 18 years
old; (c) patients were confrmed to have locally advanced
ESCC with stages of T1b-3/N1-3/M0 or T3/N0/M0 based on
the 8th UICC-TNM classifcation [17]; and (d) patients re-
ceived a PD-1 inhibitor plus CCRT as neoadjuvant therapy.
Patients who did not have follow-up information after tu-
mor resection or who did not consent to the use of their data
in this study by themselves or their guardians were ineligible
for inclusion. Te Ethics Committee of Lishui City People’s
Hospital ofered approval, and the enrolled patients or their
guardians ofered informed consent.

2.2. Treatment. Te patients received PD-1 inhibitor plus
CCRT as neoadjuvant therapy for 6weeks (2 cycles of PD-1
inhibitor, 5 weeks of continuous weekly chemo-
radiotherapy), followed by tumor resection based on the
reassessment of resectability after 4–6weeks of neoadjuvant
therapy. Te PD-1 inhibitors included camrelizumab, sin-
tilimab, and others. Te chemotherapy regimen involved (a)
paclitaxel + cisplatin and (b) paclitaxel + carboplatin. Te
details of the regimens were described in previous studies
[18–20]. Te total radiation dosages were 41.4Gy in 23
fractions (41.4Gy/23 F) or 40.0Gy in 20 fractions (40Gy/20
F) for 5 days per week [18].

2.3. Data Collection. Demographics, disease-related data, and
treatment information were collected. Additionally, the results
of imaging examinations were obtained, and then the clinical
response was evaluated by the Response Evaluation Criteria in
Solid Tumors (RECIST) [21]. Based on surgery information,
the R0 resection rate was measured. In addition, the patho-
logical response was assessed via the tumor regression grade
(TRG) system, which was categorized as TRG1, 0% vital re-
sidual tumor cells; TRG2, <10% vital residual tumor cells;
TRG3, 10%–50% vital residual tumor cells; and TRG4, >50%
vital residual tumor cells [20]. Patients who were classifed as

TRG1 were considered to have a pathological complete re-
sponse (pCR). Meanwhile, pathologic tumor-node-metastasis
stage post neoadjuvant therapy (ypTNM stage) was evaluated.
Furthermore, the follow-up information of patients was ob-
tained, based on which disease-free survival (DFS) and overall
survival (OS) were imputed. DFS was defned as the duration
from surgery to disease relapse or death; OS was defned as the
duration from neoadjuvant therapy to death. For safety
analysis, adverse events were counted and graded via the
Common Terminology Criteria for Adverse Events (CTCAE,
v4.0, available at https://ctep.cancer.gov).

2.4. Statistics. SPSS v22.0 (IBMCorp., USA) was adopted for
analysis, and GraphPad Prism v8.0 (GraphPad Software,
Inc., USA) was adopted for plotting. Continuous data were
checked for normality by the Kolmogorov–Smirnov test,
and then normally distributed continuous variables were
expressed as mean± standard deviation (SD). Te catego-
rized variables were expressed as counts (percentage). DFS
and OS were elucidated using Kaplan‒Meier curves, and
then 1-year and 2-year accumulating DFS and OS rates were
calculated as percentages. Te comparisons of categorized
variables between two groups or among three (or above)
groups were performed via the chi-square test or Fisher’s
exact test as appropriate. Te comparisons of DFS and OS
between two groups or among three groups were performed
via log-rank test. P< 0.05 represented statistical signifcance.

3. Results

3.1. Patient Characteristics. Twenty-fve locally advanced
ESCC patients were analyzed in the current study, with
a mean age of 59.7± 7.8 years (Table 1). Two (8.0%) and 23
(92.0%) patients had a clinical stage of cT2 and cT3, re-
spectively; meanwhile, 16 (64.0%), 7 (28.0%), and 2 (8.0%)
patients had a clinical stage of cN1, cN2, and cN3, re-
spectively. Meanwhile, 13 (52.0%), 8 (32.0%), and 4 (16.0%)
ESCC patients had PD-L1 CPSs (%) of 1–4, 5–9, and ≥10,
respectively. Detailed information on other patient char-
acteristics and treatment regimens is listed in Table 1.

3.2. Treatment Response. After neoadjuvant therapy, 2
(8.0%), 14 (56.0%), 9 (36.0%), and 0 (0.0%) patients had
a clinical response of complete response (CR), partial re-
sponse (PR), stable disease (SD), and progressive disease
(PD), respectively, by radiological evaluation (Table 2).
Meanwhile, the objective response rate (ORR) was 64.0%.

Twenty-fve (100.0%) patients had successful tumor re-
sections, and 24 (96.0%) patients achieved R0 resection. By
pathological evaluation, 13 (52.0%), 5 (20.0%), 6 (24.0%), and 1
(4.0%) patients had TRG1, TRG2, TRG3, and TRG4, re-
spectively. Importantly, 13 (52.0%) patients achieved pCR
(Table 3).

In addition, 13 (52.0%), 1 (4.0%), 1 (4.0%), 1 (4.0%), 2
(8.0%), 3 (12.0%), and 4 (16.0%) patients were evaluated as
ypT0N0M0, ypT0N1M0, ypT1bN1M0, ypT1bN3M0, ypT2
N0M0, ypT3N0M0, and ypT3N2M0, respectively, by path-
ological confrmations after neoadjuvant therapy (Table 4).
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3.3. Survival Profle. During a median follow-up of
23.3months (range: 8.4–29.6months), the 1-year and 2-year
accumulating DFS rates were 90.0% and 74.6%, respectively
(Figure 1(a)); then, the 1-year and 2-year accumulating OS
rates were 95.5% and 90.4%, respectively (Figure 1(b)).

Ten, the correlation of ESCC clinical stage with DFS and
OS was analyzed (Figures 2(a)–2(f)). It was observed that
higher cN stage showed a trend to relate to DFS (P � 0.142)
andOS (P � 0.065), but without statistical signifcance, which
might result from the small sample size of neoadjuvant ap-
plication cases. In addition, cTstage and cTNM stage were not
correlated with DFS or OS, which might be because only 2
cases were cT2 and 2 cases were cTNM IVA.

3.4. Adverse Events. Detailed information on adverse events
is exhibited in Table 5. Briefy, the top prevalent adverse
events were fatigue (48.0%), nausea and vomiting (40.0%),
leukopenia (36.0%), neutropenia (36.0%), and peripheral
neuropathy (36.0%). In addition, grades 3-4 adverse events
included peripheral neuropathy (12.0%), nausea and vom-
iting (4.0%), leukopenia (4.0%), neutropenia (4.0%), anemia
(4.0%), and pruritus (4.0%).

Te correlation between particular combination of
treatment and adverse events, between age and adverse
events, and between gender and adverse events was sub-
sequently analyzed. It was observed that leukopenia in-
cidence difered among diferent treatments (P � 0.030, 11

Table 1: Clinical characteristics of locally advanced ESCC patients.

Characteristics Locally advanced ESCC
patients (N� 25)

Age (years), mean± SD 59.7± 7.8
Gender, no. (%)
Female 7 (28.0)
Male 18 (72.0)
Tumor location, no. (%)
Upper 1 (4.0)
Middle 19 (76.0)
Lower 5 (20.0)
Histological type, no. (%)
ESCC 25 (100.0)
cT stage, no. (%)
cT2 2 (8.0)
cT3 23 (92.0)
cN stage, no. (%)
cN1 16 (64.0)
cN2 7 (28.0)
cN3 2 (8.0)
cM, no. (%)
cM0 25 (100.0)
cTNM, no. (%)
III 23 (92.0)
IVA 2 (8.0)
PD-1 regimen, no. (%)
Camrelizumab 12 (48.0)
Sintilimab 8 (32.0)
Others 5 (20.0)
Chemotherapy regimen, no. (%)
Paclitaxel + cisplatin 11 (44.0)
Paclitaxel + carboplatin 14 (56.0)
RT dose, no. (%)
40Gy/20 F 13 (52.0)
41.4Gy/23 F 12 (48.0)
PD-L1 CPS, no. (%)
0 0 (0.0)
1–4 13 (52.0)
5–9 8 (32.0)
≥10 4 (16.0)
ESCC, esophageal squamous-cell carcinoma; SD, standard deviation; cT,
clinical tumor; cN, clinical node; cM, clinical metastasis; cTNM, clinical
tumor-node-metastasis; PD-1, programmed cell death protein 1; RT, ra-
diotherapy; 40Gy/20 F, 40.0Gy in 20 fractions; 41.4Gy/23 F, 41.4Gy in 23
fractions; PD-L1 CPS, programmed death ligand 1 combined positive score.

Table 2: Clinical response after neoadjuvant treatment.

Items Locally advanced ESCC
patients (N� 25)

Clinical response, no. (%)
CR 2 (8.0)
PR 14 (56.0)
SD 9 (36.0)
PD 0 (0.0)
ORR, no. (%)
Yes 16 (64.0)
No 9 (36.0)
ESCC, esophageal squamous-cell carcinoma; CR, complete response; PR,
partial response; SD, stable disease; PD, progressive disease; ORR, overall
response.

Table 3: Surgical information and pathological response.

Items Locally advanced ESCC
patients (N� 25)

Surgical information, no. (%)
Tumor resection rate 25 (100.0)
R0 resection rate 24 (96.0)
TRG system, no. (%)
TRG1 13 (52.0)
TRG2 5 (20.0)
TRG3 6 (24.0)
TRG4 1 (4.0)
pCR, no. (%)
Yes 13 (52.0)
No 12 (48.0)
ESCC, esophageal squamous-cell carcinoma; TRG, tumor regression grade;
pCR, pathological complete response.

Table 4: ypTNM stage.

ypTNM stage Locally advanced ESCC
patients (N� 25)

ypT0N0M0, no. (%) 13 (52.0)
ypT0N1M0, no. (%) 1 (4.0)
ypT1bN1M0, no. (%) 1 (4.0)
ypT1bN3M0, no. (%) 1 (4.0)
ypT2N0M0, no. (%) 2 (8.0)
ypT3N0M0, no. (%) 3 (12.0)
ypT3N2M0, no. (%) 4 (16.0)
ypTNM, post neoadjuvant pathologic tumor-node-metastasis; ESCC,
esophageal squamous-cell carcinoma.
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types of combinations in the study), but the incidence of
other adverse events did not difer among them (Supple-
mentary Table 1). Meanwhile, no adverse event was related
to age or gender (Supplementary Table 2).

4. Discussion

Esophagectomy is considered the main therapy for patients
with resectable esophageal cancer and might largely reduce
the disease burden of esophageal cancer patients [22].
However, in those patients who are not suitable for receiving
esophagectomy directly, such as those with cT2 with a high-
risk lesion or cT4, neoadjuvant therapy with platinum-based
CCRT is recommended [23]. Unfortunately, the pCR of
CCRT alone is not ideal; for instance, the pCR rate is only
26.0% in esophageal cancer patients receiving neoadjuvant
CCRT [24]. In another study, the pCR of neoadjuvant CCRT
ranged from 16.4% to 16.7% depending on the radiation
dose in esophageal cancer patients [25]. Te induction of
immunotherapy largely elevates the response rate after
neoadjuvant therapy; for example, the pCR rate could reach
38% after treating esophageal cancer patients with neo-
adjuvant immunotherapy combined with CCRT [26].
However, studies on the efcacy of neoadjuvant PD-1 in-
hibitors and CCRT in locally advanced esophageal cancer
patients are less frequently reported. In the current study, it
was reported that neoadjuvant PD-1 inhibitors plus CCRT
could reach an ORR of 64.0% and a pCR rate of 52.0% in
locally advanced esophageal cancer patients.Tese data were
numerically higher than those in a previous study that
administered neoadjuvant CCRT monotherapy to esopha-
geal cancer patients. Tese fndings could be explained as
follows. (1) PD-1 inhibitor and CCRT both played an an-
titumor role during neoadjuvant therapy; therefore, their
combination could have a better antitumor efect than
CCRT administration alone. (2) It has been reported that
PD-1 inhibitor combined with CCRT could have a syner-
gistic antitumor efect; hence, their combination had a better
efcacy profle [27]. It is an interesting topic to explore the
possible synergistic efect of PD-1 inhibitor and

chemoradiotherapy. A recent review summarizes that im-
munogenic tumor-cell death, anti-angiogenesis, and efector
T cell proliferation contribute to the synergistic efect be-
tween PD-1 inhibitor and chemotherapy [28]. Besides,
another recent review sums up that chemotherapy involves
the anticancer immunity activation by releasing immu-
nostimulatory molecules from dying tumor cells and me-
diating of-target efect of immune cells, which contributes
to the enhancement of the antitumor efect of PD-1 inhibitor
[29]. Regarding radiotherapy, several recent reviews sum-
marize that radiotherapy not only kills tumor cells directly
but also modifes tumor microenvironment to promote the
recognition of tumor cells by immune system; meanwhile, it
can upregulate tumor-related antigens, stimulate the se-
cretion of cytokines, and induce the proliferation of CD8+
T cells, therefore synergizing with PD-1 inhibitor [30, 31].

Apart from the pCR rate, the survival outcome is also of
great concern after neoadjuvant therapy in locally advanced
esophageal cancer patients. In the CROSS study, neo-
adjuvant CCRTfollowed by surgery achieved amedian OS of
48.6months in esophageal or junctional cancer patients [32].
In the NEOCRTEC 5010 study, they reported that the
median OS could reach 100.1months after treating esoph-
ageal squamous-cell carcinoma patients with neoadjuvant
CCRT [33]. In addition, the 1-year and 2-year OS rates
ranged from 81% to 90% and from 67% to 75.1%, re-
spectively, in these two studies [32, 33]. In the present study,
limited by the follow-up duration, the median OS was not
achieved; the 1-year OS was 90.9%, and the 2-year OS was
74.6%, which were comparable to those in a previous study
that applied neoadjuvant CCRT in esophageal cancer pa-
tients. Te possible reason might be derived from the fol-
lowing. (1) OS might be afected by multiple aspects but not
only the pCR rate or the R0 resection rate, and the sub-
sequent adjuvant therapy might also afect the OS; therefore,
the OS seemed similar between the results from our study
and those from a previous study. (2) Due to the limited
application duration of neoadjuvant PD-1 inhibitor plus
CCRT in esophageal cancer patients, the follow-up duration
was short in this study, which caused the median OS to not
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Figure 1: Survival data presentation. Information about the accumulating DFS (a) and accumulating OS (b) in the studied patients.

4 Journal of Clinical Pharmacy andTerapeutics



be achieved in this study. Terefore, further study with
a more extended follow-up period is needed.

Safety concerns are noteworthy during the administra-
tion of the PD-1 inhibitor and CCRT. In a previous study, it
was shown that the most common adverse events during
PD-1 inhibitor administration are hematological adverse
events, such as anemia and leukopenia, and chemoradiation-
related adverse events, including fatigue, nausea, and
vomiting [34–36]. Furthermore, a previous trial reports that

the most common adverse events of neoadjuvant CCRT in
esophageal cancer patients are leukopenia, neutropenia,
anemia, vomiting, and thrombocytopenia [37]. Similar to
these previous studies, the most common adverse events of
neoadjuvant PD-1 inhibitor and CCRT in esophageal cancer
patients of this study included fatigue (48.0%), nausea and
vomiting (40.0%), leukopenia (36.0%), neutropenia (36.0%),
peripheral neuropathy (36.0%), and anemia (32.0%). Tese
fndings indicated that the safety profle of neoadjuvant PD-
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Figure 2: Correlation of clinical stage with DFS and OS in the studied patients. Te correlation of cT stage (a), cN stage (b), and
cTNM stage (c) with DFS. Te correlation of cT stage (d), cN stage (e), and cTNM stage (f ) with OS.

Table 5: Adverse events.

Events Total, no. (%) Grade 1-2, no. (%) Grade 3-4, no. (%)
Fatigue 12 (48.0) 12 (48.0) 0 (0.0)
Nausea and vomiting 10 (40.0) 9 (36.0) 1 (4.0)
Leukopenia 9 (36.0) 8 (32.0) 1 (4.0)
Neutropenia 9 (36.0) 8 (32.0) 1 (4.0)
Peripheral neuropathy 9 (36.0) 6 (24.0) 3 (12.0)
Anemia 8 (32.0) 7 (28.0) 1 (4.0)
Pruritus 8 (32.0) 7 (28.0) 1 (4.0)
Hand-foot syndrome 8 (32.0) 8 (32.0) 0 (0.0)
Elevated transaminase 7 (28.0) 7 (28.0) 0 (0.0)
Diarrhea 5 (20.0) 5 (20.0) 0 (0.0)
Trombocytopenia 4 (16.0) 4 (16.0) 0 (0.0)
Fever 4 (16.0) 4 (16.0) 0 (0.0)
Anorexia 4 (16.0) 4 (16.0) 0 (0.0)
Hypertension 4 (16.0) 4 (16.0) 0 (0.0)
Elevated bilirubin 3 (12.0) 3 (12.0) 0 (0.0)

Journal of Clinical Pharmacy andTerapeutics 5



1 inhibitor plus CCRT was acceptable in esophageal cancer
patients, and no new adverse events occurred.

Some limitations were nonnegligible. (1) Tis was
a single-arm study, and the lack of a control group was the
main limitation. (2) Tis study had a short follow-up du-
ration; therefore, it was challenging to draw solid conclu-
sions about the long-term efcacy and safety of the
treatment regimen, leading to the conclusion that a further
study with a longer follow-up period is needed. (3) Te
sample size of this study was relatively small, limiting the
generalizability of the fndings and making it hard to further
perform post-hoc analyses.

In conclusion, neoadjuvant therapy using PD-1 inhibitor
plus CCRT is a potential choice exhibiting good efcacy and
acceptable tolerance for locally advanced ESCC treatment.
However, further large-scale study validations with longer
follow-up duration are needed.

Data Availability

All data supporting the fndings of this study are included
within the article.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Acknowledgments

Tis study was supported by the Zhejiang Medical Asso-
ciation Clinical Research Fund Project (grant no. 20192YC-
A68) and the Lishui City Science and Technology Plan
Project (grant no. 2022SJZC107).

Supplementary Materials

Supplementary Table 1: correlation of any particular com-
bination of treatment with adverse events. Supplementary
Table 2: correlation of age and gender with adverse events.
(Supplementary Materials)

References

[1] H. Sung, J. Ferlay, R. L. Siegel et al., “Global cancer Statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries,” CA: A Cancer
Journal for Clinicians, vol. 71, no. 3, pp. 209–249, 2021.

[2] M. DiSiena, A. Perelman, J. Birk, and H. Rezaizadeh,
“Esophageal cancer: an updated review,” Southern Medical
Journal, vol. 114, no. 3, pp. 161–168, 2021.

[3] E. Morgan, I. Soerjomataram, H. Rumgay et al., “Te global
landscape of esophageal squamous cell carcinoma and
esophageal adenocarcinoma incidence and mortality in 2020
and projections to 2040: new estimates from GLOBOCAN
2020,” Gastroenterology, vol. 163, no. 3, pp. 649–658.e2, 2022.

[4] J. Swanson, M. Littau, C. Tonelli et al., “A matched cohort
comparison of endoscopic resection, chemoradiation and
esophagectomy in the treatment of early-stage esophageal
squamous cell carcinoma,” Te American Journal of Surgery,
vol. 225, no. 3, pp. 508–513, 2023.

[5] J. K. Waters and S. I. Reznik, “Update on management of
squamous cell esophageal cancer,” Current Oncology Reports,
vol. 24, no. 3, pp. 375–385, 2022.

[6] X. F. Zhang, P. Y. Liu, S. J. Zhang, K. L. Zhao, andW. X. Zhao,
“Principle and progress of radical treatment for locally ad-
vanced esophageal squamous cell carcinoma,” World Journal
of Clinical Cases, vol. 10, no. 35, pp. 12804–12811, 2022.

[7] X. F. Leng, H. Daiko, Y. T. Han, and Y. S. Mao, “Optimal
preoperative neoadjuvant therapy for resectable locally ad-
vanced esophageal squamous cell carcinoma,” Annals of the
New York Academy of Sciences, vol. 1482, no. 1, pp. 213–224,
2020.

[8] M. Reck, J. Remon, and M. D. Hellmann, “First-Line im-
munotherapy for non-small-cell lung cancer,” Journal of
Clinical Oncology, vol. 40, no. 6, pp. 586–597, 2022.

[9] A. Hogner and M. Moehler, “Immunotherapy in gastric
cancer,” Current Oncology, vol. 29, no. 3, pp. 1559–1574, 2022.

[10] R. Porter and U. A. Matulonis, “Immunotherapy for ovarian
cancer,” Clinical Advances in Hematology and Oncology,
vol. 20, no. 4, pp. 240–253, 2022.

[11] A. H. Lee, L. Sun, A. Y. Mochizuki et al., “Neoadjuvant PD-1
blockade induces T cell and cDC1 activation but fails to
overcome the immunosuppressive tumor associated macro-
phages in recurrent glioblastoma,” Nature Communications,
vol. 12, no. 1, p. 6938, 2021.

[12] Z. X. Wang, C. Cui, J. Yao et al., “Toripalimab plus che-
motherapy in treatment-naive, advanced esophageal squa-
mous cell carcinoma (JUPITER-06): a multi-center phase 3
trial,” Cancer Cell, vol. 40, no. 3, pp. 277–288.e3, 2022.

[13] J. M. Sun, L. Shen, M. A. Shah et al., “Pembrolizumab plus
chemotherapy versus chemotherapy alone for frst-line
treatment of advanced oesophageal cancer (KEYNOTE-
590): a randomised, placebo-controlled, phase 3 study,” Te
Lancet, vol. 398, no. 10302, pp. 759–771, 2021.

[14] D. Shen, Q. Chen, J. Wu, J. Li, K. Tao, and Y. Jiang, “Te safety
and efcacy of neoadjuvant PD-1 inhibitor with chemo-
therapy for locally advanced esophageal squamous cell car-
cinoma,” Journal of Gastrointestinal Oncology, vol. 12, no. 1,
pp. 1–10, 2021.

[15] W. Xing, L. Zhao, Y. Zheng et al., “Te sequence of che-
motherapy and toripalimab might infuence the efcacy of
neoadjuvant chemoimmunotherapy in locally advanced
esophageal squamous cell cancer-A phase II study,” Frontiers
in Immunology, vol. 12, Article ID 772450, 2021.

[16] Z. Zhang, Z. N. Hong, S. Xie et al., “Neoadjuvant sintilimab
plus chemotherapy for locally advanced esophageal squamous
cell carcinoma: a single-arm, single-center, phase 2 trial
(ESONICT-1),” Annals of Translational Medicine, vol. 9,
no. 21, p. 1623, 2021.

[17] M. B. Amin, F. L. Greene, S. B. Edge et al., “Te Eighth Edition
AJCC Cancer Staging Manual: continuing to build a bridge
from a population-based to a more”personalized” approach to
cancer staging,” CA: A Cancer Journal for Clinicians, vol. 67,
no. 2, pp. 93–99, 2017.

[18] Y. Yang, L. Zhu, Y. Cheng et al., “Tree-arm phase II trial
comparing camrelizumab plus chemotherapy versus camre-
lizumab plus chemoradiation versus chemoradiation as
preoperative treatment for locally advanced esophageal
squamous cell carcinoma (NICE-2 Study),” BMC Cancer,
vol. 22, no. 1, p. 506, 2022.

[19] L. R. Kleinberg, P. J. Catalano, A. A. Forastiere et al., “Eastern
cooperative Oncology group and American college of radi-
ology imaging network randomized phase 2 trial of neo-
adjuvant preoperative paclitaxel/cisplatin/radiation therapy

6 Journal of Clinical Pharmacy andTerapeutics

https://downloads.hindawi.com/journals/jcpt/2024/5542947.f1.zip


(RT) or irinotecan/cisplatin/RT in esophageal adenocarci-
noma: long-term outcome and implications for trial design,”
International Journal of Radiation Oncology∗Biology∗Physics,
vol. 94, no. 4, pp. 738–746, 2016.

[20] P. van Hagen, M. C. Hulshof, J. J. van Lanschot et al.,
“Preoperative chemoradiotherapy for esophageal or junc-
tional cancer,” New England Journal of Medicine, vol. 366,
no. 22, pp. 2074–2084, 2012.

[21] E. A. Eisenhauer, P.Terasse, J. Bogaerts et al., “New response
evaluation criteria in solid tumours: revised RECISTguideline
(version 1.1),” European Journal of Cancer, vol. 45, no. 2,
pp. 228–247, 2009.

[22] H. C. Yip, Y. Shirakawa, C. Y. Cheng, C. L. Huang, and
P. W. Y. Chiu, “Recent advances in minimally invasive
esophagectomy for squamous esophageal cancer,” Annals of
the New York Academy of Sciences, vol. 1482, no. 1,
pp. 113–120, 2020.

[23] Nccn Clinical Practice Guidelines in Oncology (Nccn
Guidelines®), “Esophageal and esophagogastric junction
cancers version 1.2023,” https://www.nccn.org/.

[24] K. R. Haisley, K. D. Hart, N. Nabavizadeh et al., “Neoadjuvant
chemoradiotherapy with concurrent cisplatin/5-fuorouracil
is associated with increased pathologic complete response and
improved survival compared to carboplatin/paclitaxel in
patients with locally advanced esophageal cancer,” Diseases of
the Esophagus, vol. 30, no. 7, pp. 1–7, 2017.

[25] W. Haque, V. Verma, E. B. Butler, and B. S. Teh, “Radiation
dose in neoadjuvant chemoradiation therapy for esophageal
cancer: patterns of care and outcomes from the National
Cancer Data Base,” Journal of Gastrointestinal Oncology,
vol. 9, no. 1, pp. 80–89, 2018.

[26] Y. Liu, Y. Bao, X. Yang et al., “Efcacy and safety of neo-
adjuvant immunotherapy combined with chemoradiotherapy
or chemotherapy in esophageal cancer: a systematic review
and meta-analysis,” Frontiers in Immunology, vol. 14, Article
ID 1117448, 2023.

[27] X. Si, G. Ji, S. Ma et al., “Biodegradable implants combined
with immunogenic chemotherapy and immune checkpoint
therapy for peritoneal metastatic carcinoma postoperative
treatment,” ACS Biomaterials Science and Engineering, vol. 6,
no. 9, pp. 5281–5289, 2020.

[28] D. Salas-Benito, J. L. Perez-Gracia, M. Ponz-Sarvise et al.,
“Paradigms on immunotherapy combinations with chemo-
therapy,”Cancer Discovery, vol. 11, no. 6, pp. 1353–1367, 2021.

[29] L. Galluzzi, J. Humeau, A. Buque, L. Zitvogel, and
G. Kroemer, “Immunostimulation with chemotherapy in the
era of immune checkpoint inhibitors,” Nature Reviews
Clinical Oncology, vol. 17, no. 12, pp. 725–741, 2020.

[30] G. A. Turgeon, A. Weickhardt, A. A. Azad, B. Solomon, and
S. Siva, “Radiotherapy and immunotherapy: a synergistic
efect in cancer care,” Medical Journal of Australia, vol. 210,
no. 1, pp. 47–53, 2019.

[31] T. B. Dar, F. A. N. Biteghe, R. Kakar-Bhanot et al., “Synergistic
efects of radiotherapy and targeted immunotherapy in im-
proving tumor treatment efcacy: a review,” Clinical and
Translational Oncology, vol. 24, no. 12, pp. 2255–2271, 2022.

[32] J. Shapiro, J. J. B. van Lanschot, M. Hulshof et al., “Neo-
adjuvant chemoradiotherapy plus surgery versus surgery
alone for oesophageal or junctional cancer (CROSS): long-
term results of a randomised controlled trial,” Te Lancet
Oncology, vol. 16, no. 9, pp. 1090–1098, 2015.

[33] J. Gao, C. Zhao, Q. Liu et al., “Cyclin G2 suppresses Wnt/
β-catenin signaling and inhibits gastric cancer cell growth and

migration through Dapper1,” Journal of Experimental and
Clinical Cancer Research, vol. 37, no. 1, p. 317, 2018.

[34] G. Ikeda, S. Yamamoto, and K. Kato, “Te safety of current
treatment options for advanced esophageal cancer after frst-
line chemotherapy,” Expert Opinion on Drug Safety, vol. 21,
no. 1, pp. 55–65, 2022.

[35] Z. C. Li, Y. T. Sun, M. Y. Lai, Y. X. Zhou, and M. Z. Qiu,
“Efcacy and safety of PD-1 inhibitors combined with che-
motherapy as frst-line therapy for advanced esophageal
cancer: a systematic review and network meta-analysis,” In-
ternational Immunopharmacology, vol. 109, Article ID
108790, 2022.

[36] C. R. Victor, F. K. Fujiki, F. R. Takeda, P. M. G. Hof, and
T. B. de Castria, “Safety and efectiveness of chemotherapy for
metastatic esophageal cancer in a community hospital in
Brazil,” Journal of Global Oncology, vol. 5, pp. 1–10, 2019.

[37] H. Yang, H. Liu, Y. Chen et al., “Neoadjuvant chemo-
radiotherapy followed by surgery versus surgery alone for
locally advanced squamous cell carcinoma of the esophagus
(NEOCRTEC5010): a phase III multicenter, randomized,
open-label clinical trial,” Journal of Clinical Oncology, vol. 36,
no. 27, pp. 2796–2803, 2018.

Journal of Clinical Pharmacy andTerapeutics 7

https://www.nccn.org/



