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Abstract

Purpose: To determine the cost-effectiveness and efficacy of camrelizumab when combined with
radiotherapy in the management of advanced/metastatic esophageal squamous cell carcinoma (ESCC).
Methods: A retrospective analysis was carried out on clinical information of 115 patients with
advanced/metastatic ESCC admitted to Huai'an Cancer Hospital between February 2017 and January
2021. Based on therapeutic modality, patients were distributed into control group (CG, 55 cases,
cisplatin + paclitaxel chemotherapy) and study group (SG, 60 cases, camrelizumab + radiotherapy
regimen). Clinical efficacy, adverse effects, cost indicators (total cost of treatment, out-of-pocket costs,
medical insurance cost), serum tumor marker levels (CEA, CYFRA21-1, SCC-Ag), immune function
(lgA, 1gG, IgM), and quality of life were compared between the two groups.

Results: The objective remission rate (ORR) in SG (80 %) was significantly higher than in CG (61.8 %)
(p < 0.05). Serum levels of CEA, CYFRA21-1, SCC-Ag in both groups and symptom scores decreased,
while serum IgA, 1gG, IgM, function, and overall quality of life score increased, but the improvement was
greater in SG after 6 weeks of treatment (p < 0.05). Study group had significantly higher out-of-pocket
expenses, health insurance costs, total costs, and cost/effectiveness than CG (p < 0.05).

Conclusion: Camrelizumab combined with radiotherapy in the treatment of advanced/metastatic ESCC
is efficacious, improves immune function, reduces serum tumor marker levels, and prolongs the survival
time of patients. Clinical studies using larger population should be carried out to validate the findings of
this study.
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INTRODUCTION

As the sixth most frequent digestive malignancy,
esophageal cancer (EC) has a high morbidity
and mortality rate [1]. Esophageal squamous cell
carcinoma (ESCC) is the most frequent type of

EC, accounting for approximately 90 % of all EC.
EC is insidious and has no apparent symptoms
in early stage, and some patients have mild sore
throat symptoms that may be misdiagnosed as
chronic pharyngitis and ignored, leading to an
overall low survival rate [2,3]. Chemotherapy is

© 2023 The authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Sun etal

currently used in clinical trials in patients with
inoperable advanced/metastatic ESCC, but
outcomes are disappointing [4]. Although radical
radiotherapy is one of the treatments for patients
with advanced/metastatic ESCC, it has a low 3-
year survival rate of only 30 - 50 % [5]. As a
result, clinicians continue to face difficulties in the
therapy of advanced/metastatic ESCC.

With the advancement in medical technology in
recent years, bio-immunotherapy has gradually
been applied to clinical therapy of patients with
advanced/metastatic ESCC [6]. Camrelizumab, a
home-grown PD-1 inhibitor, has shown
significant benefits in treatment of various
cancers [7,8]. An earlier research found that PD-
1 inhibitor, camrelizumab showed good efficacy
in treating intermediate-to-advanced primary
hepatocellular carcinoma, and there were fewer
toxic side effects [9]. There are more clinical
reports on the use of camrelizumab in
combination with radiotherapy for treating
malignant tumors, but the cost-effectiveness of
this regimen has not been fully investigated. This
study investigated the efficacy and cost-
effectiveness of camrelizumab and radiotherapy
for advanced/metastatic ESCC, thus providing a
reference for clinical treatment protocols.

METHODS

General data

A retrospective analysis was carried out on
clinical information of 115 advanced/metastatic
ESCC patients who were admitted in Huai'an
Cancer Hospital between February 2017 and
January 2021. Patients were randomly assigned
to control group (CG, 55 cases receiving
cisplastin + paclitaxel chemotherapy) and study
group (SG, 60 cases receiving camrelizumab +
radiotherapy regimen).

Inclusion criteria

Meeting the diagnostic criteria of ESCC [10] and
confirmed by pathology, lesions with metastasis
or clinical stage 1V, complete clinical data,
expected survival time > 3 months, aged
between 18 - 70.

Exclusion criteria

Esophageal squamous cell carcinoma (ESCC)
combined with other malignant tumors, received
chemotherapy or radiotherapy before enrollment,
allergic to drugs used, physically unable to
tolerate chemotherapy  or  radiotherapy,
comorbidity with serious diseases, uncontrolled

hypertension,
diseases.

comorbidity with autoimmune

Approval was obtained from Ethics Committee of
Huai'an Cancer Hospital (approval no. 2023025)
and the research followed the guidelines
provided in the Declaration of Helsinki [11].

Treatments

Control group (CG) was treated with cisplatin
(Yunnan Biogu Pharmaceutical Co. Ltd., State
Drug Quantifier H20043889) + paclitaxel
(Sichuan Huiyu Pharmaceutical Co., Ltd.,
H20203702) chemotherapy regimen. Cisplatin 25
mg/m?2 was administered on the first day as
intravenous drip, followed by 220 mg/m? at day 3
up to 21 days (1 chemotherapy cycle) totaling 2
cycles of chemotherapy. Study group was given
camrelizumab (Suzhou Shengdian
Biopharmaceutical Co, Ltd, S20190027, Suzhou,
China) using a 3D conformal radiotherapy
technique with CT-enhanced scans of the head
and neck area, with the layer spacing set to 5
mm. The target area delineates the primary
lesion and metastatic lymph node as gross tumor
volume (GTV), and location of primary tumor and
lymph nodes in the drainage area as the clinical
target volume (CTV).

Clinical target volume (CTV) was derived by
enlarging standard GTV 10 - 20 mm in the
cranio-caudal direction and 5 — 8 mm in the
lateral and  anterior/posterior  directions.
Expansion on the CTV by 5 mm was applied to
obtain planning target volume (PTV1 and PTV2).
The portal mode was selected according to the
characteristics and size of the target area. The
dose of 95 % PTV1 was 50 Gy, and the dose of
95 % PTV2 was 60 Gy. The radiotherapy was
performed five times weekly for 6 weeks.
Additionally, camrelizumab was administered
using intravenous drip, 200 mg/m? once every 2
weeks, for a total of 6 weeks.

Evaluation of parameters/indices
Clinical efficacy

After 6 weeks of treatment, the lesions were
assessed based on WHO evaluation criteria in
solid tumors, and complete disappearance of
lesions was considered as complete remission
(CR), lesion reduction = 50 % was considered as
partial remission (PR), lesion reduction < 50 % or
enlargement £ 25 % was considered as stable
disease (SD), presence of new lesions or lesion
enlargement > 25 % was considered as
progressive disease (PD). Objective remission
rate (ORR) was calculated using Eq 1.

Trop J Pharm Res, September 2023; 22(9): 1984



Sun etal

ORR=CR+PR ..cieiiiiiiii, )
Adverse reactions

The occurrence of leukopenia, nausea and
vomiting, and radiation esophagitis during
treatment was recorded in both groups.

Serum tumor marker levels

Before and after 6 weeks of treatment, 5 mL of
venous blood was collected from patients in their
fasted state. Samples were centrifuged at 3000
rpm for 10 min and serum refrigerated at -30 °C.
Levels of carcinoembryonic antigen (CEA),
serum squamous cell carcinoma (SCC) antigen

(SCC Ag), and cytokeratin 19 fragment
(CYFRAZ21-1) were determined using
electrochemiluminescence kits (Shanghai

Baileigh Biotechnology Co., Shanghai, China).
Immune function

Before and after 6 weeks of treatment,
immunoturbidimetric method was adopted to
measure immunoglobulin (IgA, 19G, IgM) levels
using kits provided by Beijing Pfei Biotechnology
Co., Beijing, China.

Quality of life (QOL)

The European Organization for Research and
Treatment of Cancer Quality of Life Core
Questionnaire (EORTC QLQ-C30) [12] was
adopted to assess QOL in terms of function,
overall life, and symptoms before and after 6
weeks of treatment. Scores ranged from 0 to 100
in each dimension, with high scores of functions
and overall life representing good QOL, and high
scores of symptoms representing poor QOL.

Cost indicators

Out-of-pocket costs, medical insurance costs,
and total costs of the two groups were recorded.
The cost to effect ratio was calculated, and the
effect on clinical treatment was measured using
ORR.

Table 2: Comparison of clinical efficacy (n (%))

Statistical analysis

Data was analyzed with Statistical Package for
the Social Sciences (SPSS) version 23.0 (IBM,
Armonk, USA). Shapiroe-Wilk test was used to
determine the normal distribution of the data. The
normally distributed measurement data were
described by mean + standard deviation (SD).
Count data was described by rate (%) and test of
significance was done using chi-square (x?). P <
0.05 was considered statistically significant.

RESULTS

Baseline data

Age, gender, lesion location, body mass index,
tumor diameter, and combined metastasis were
compared between the groups (Table 1) (p >
0.05).

Table 1: Comparison of general information

General Control group Study group
information (n = 55) (n = 60)
Sex
Male 33 32
Female 22 35
Age (years) 56.41+8.03 56.8+8.62
Body mass index 23.64+2.78 23.81+2.66
(kg/m?)
Lesion location
Upper segment 13 15
Middle segment 24 30
Lower segment 18 15
Tumor diameter 11.03+2.11 10.77 £ 2.37
(cm)
Combined metastasis
Yes 14 16
No 41 44

Clinical efficacy

Study group exhibited higher ORR (80 %) than
CG (61.82 %) (p < 0.05). Thus, radiotherapy in
combination with camrelizumab is efficacious
compared to cisplatin + paclitaxel chemotherapy
regimen in treating advanced/metastatic ESCC
(Table 2).

Group CR PR SD PD Objective remission
Control (n = 55) 8 (14.55) 26 (47.27) 15 (27.27) 6 (10.91) 34 (61.82)
Study (n = 60) 15 (25.00) 33 (55.00) 9 (15.00) 3 (5.00) 48 (80.00)

X2 4.636
P-value 0.031
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Table 3: Comparison of adverse reactions (n (%))

Group Leukopenia Nausea and Radiation Bone marrow Total
vomiting esophagitis suppression
Control (n = 55) 4 (7.27) 5(9.09) 0 4 (7.27) 13 (23.64)
Study (n = 60) 2(3.33) 3 (5.00) 6 (10.00) 0 11 (18.33)
X2 0.489
P-value 0.485
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Figure 1: Comparison of serum tumor marker levels (ug/L). Shows that camrelizumab combined with
radiotherapy significantly reduced serum CEA (A), CYFRA21-1 (B), and SCC-Ag (C) levels in patients with
advanced or metastatic ESCC. **P < 0.001 compared to this group before treatment. ##P < 0.001, compared to

control group
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Figure 2: Comparison of immune function (g/L). Shows that camrelizumab combined with radiotherapy
significantly improved IgA (A), 1gG (B), and IgM (C) levels in patients with advanced or metastatic ESCC. **P <
0.001 compared to this group before treatment, ##p < 0.001 compared with control group

Adverse reactions

Study group (18.33 %) showed slightly lower
incidence of adverse reactions than CG (23.64
%), with no statistical difference (p > 0.05). It
shows that there was no increase in incidence of
adverse reactions in camrelizumab and
radiotherapy combination therapy (Table 3).

Serum tumor marker levels

Before treatment, both groups showed no
significant differences in serum levels of CEA,
CYFRA21-1 and SCC-Ag (p > 0.05). After 6
weeks treatment, both groups CEA, CYFRA21-1
and SCC-Ag levels significantly reduced
compared to SG (p < 0.05) (Figure 1).

Immune function

After 6 weeks of treatment, both groups showed
increased serum levels of IgA, IgG and IgM,
which were much higher in study group (p <
0.05) (Figure 2).

Quality of life

Before treatment, both groups showed no
statistically significant differences in QLQ-C30
scores for each dimension (p > 0.05). However,
after 6 weeks of treatment, functional and overall
life scores increased in both groups, while
symptom scores decreased in both groups, and
the improvement was greater in SG (p < 0.05)
(Table 4).

Cost/effectiveness
Study group had higher out-of-pocket costs,

health insurance costs, total costs and
cost/effectiveness than CG (p < 0.05) (Table 5).

DISCUSSION
For the past few years, the number of patients

with EC has been increasing in China, putting a
heavy burden on families and society [13].
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Table 4: Comparison of quality of life (mean + SD g/L)

Group Function Overall life Symptoms
Before After 6 weeks of Before After 6 weeks of Before After 6 weeks of
treatment treatment treatment treatment treatment treatment
Control group 56.754+5.34 63.38+6.73*** 52.53+4.32 60.7745.89*** 70.11+6.35 61.4945.36***
(n =55)
Study group 57.2645.19 70.91+6.24%**##H# 52.79+4.76 67.47+6. 17+ #H 70.89+6.24 50.98+5.7 1+
(n = 60)

Compared with study group before treatment, ***p < 0.001; compare with control group, ##p < 0.001

Table 5: Comparison of cost effectiveness (mean + SD)

Group Out-of-pocket expenses Medical insurance Total cost Costl/effectiveness
(10,000 Yuan) costs (million Yuan) (million Yuan) (Yuan/%)
Control group (n = 55) 1.67+£1.03 2.18+1.12 3.85+1.34 622.78+85.68
Study group (n = 60) 3.39+1.52 7.11+2.13 10.52+2.25 1315.25+215.36
T-value 7.039 15.327 19.095 22.278
P-value < 0.001 < 0.001 < 0.001 < 0.001

As one of the most frequent types of EC, ESCC
has complex causes and mechanisms, with
genetic, dietary, living environment, chemical,
and other factors all playing a role. Because of
the slow onset of ESCC, majority of patients are
diagnosed in mid and late period, missing out on
surgical treatment and having to rely on non-
surgical treatments (chemotherapy, radiotherapy,
molecular targeted therapy) to extend their
survival time [14-16].

In this study, patients with advanced/metastatic
ESCC were treated with a combination of
camrelizumab and radiotherapy, and it was found
that study group exhibited higher ORR and better
QOL than CG, while both groups showed no
statistical difference in adverse reactions. The
finding of this study is consistent with the findings
of Jia Yong [17]. Thus, camrelizumab in
conjunction with radiotherapy improves QOL
without increasing adverse effects, while also
increasing efficacy in the advanced/metastatic
ESCC therapy. This study was conducted
because radiotherapy causes a cytokine
signaling cascade that promotes tumor antigen
release and activates the immune system by
killing tumor cells [18,19]. Camrelizumab is a PD-
1 inhibitor that boosts T-cell activity by targeting
and blocking PD-L2 and PD-L1 interactions,
thereby Killing tumor cells and restoring the
body's immune system. It was found that both
camrelizumab and radiotherapy alone had
average effects, while the combination exerts a
coordinated synergistic effect [20]. The reason is
that combining camrelizumab with radiotherapy
increases antitumor immune effect, which has
radio-sensitizing  properties, and therefore
enhances the effect of radiotherapy, induces
systemic response, and improves tumor
microenvironment [21,22].

Serum tumor markers have been clinically found
to be closely related to tumorigenesis and
progression, among which CEA is an acidic
glycoprotein that is recognized as a broad-
spectrum tumor indicator [23]. The tumor marker,
CYFRAZ21-1 is of great value in early diagnosis,
efficacy and prognosis assessment of SCC
patients. SCC-Ag is a specific antigen secreted
primarily by squamous cells that have recently
been used as an adjuvant marker for diagnosis
and monitoring of malignant tumor conditions
such as esophageal and lung cancers. A
previous research found that EC patients showed
markedly higher serum levels of CEA, CYFRA21-
1, and SCC-Ag than healthy population [24]. The
immune function of ESCC patients significantly
reduced, and promoting immune function
recovery helped to increase the anti-tumor effect
and improve prognosis [25].

In this study, after 6 weeks of treatment, both
groups had decreased serum levels of CEA,
CYFRA21-1, and SCC-Ag, suggesting that
camrelizumab in combination with radiotherapy
significantly reduced serum tumor marker levels
in patients with advanced/metastatic ESCC,
outperforming cisplatin + paclitaxel
chemotherapy regimen. Both groups had
increased serum levels of IgA, 1gG, and IgM, and
the improvement was greater in SG, indicating
that camrelizumab combined with radiotherapy is
more effective than cisplatin + paclitaxel
chemotherapy regimen in regulating immune
function in advanced/metastatic ESCC patients.
These findings suggest that camrelizumab in
conjunction  with  radiotherapy, effectively
improved patients' immune function, lowered
serum tumor marker levels, inhibited disease
progression, and thus promoted physical
recovery in advanced/metastatic ESCC patients.
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Cost-effectiveness analysis, one of the most
commonly used methods in pharmaco-
economics, is used to illustrate the net cost
required to achieve one treatment effect by the
cost to treatment effect ratio [26]. Costs in
pharmacoeconomics are mainly composed of
direct, indirect and hidden costs. Only drug and
radiotherapy costs were counted in this study
because the examination costs of patients in
both groups were basically the same. This study
found that SG exhibited higher out-of-pocket
costs, health insurance costs, total costs and
cost/effectiveness than CG. Thus, cost
effectiveness of camrelizumab combined with
radiotherapy regimen is higher than that of
cisplatin + paclitaxel chemotherapy regimen in
advanced/metastatic ESCC patients. This is
attributed to the high costs of camrelizumab and
radiotherapy, as well as the larger number of
radiotherapies in study group, which increased
cost of treatment.

Limitations of this study

There are some limitations in this research.
Because this is a single-center, small-sample
retrospective analysis research, certain bias may
be present in the results. Furthermore, long-term
survival and prognosis of advanced or metastatic
ESCC treated with camrelizumab combined with
radiotherapy regimens were not evaluated. At the
same time, specific mechanism of action of
carrilizumab combined with radiotherapy was not
investigated.

CONCLUSION

Camrelizumab in combination with radiotherapy
in advanced/metastatic ESCC treatment is highly
efficacious, effectively improves patients'
immune function and lowers serum tumor marker
levels. Although, cost of camrelizumab in
combination with radiotherapy is higher, it is still
a more efficacious treatment option for patients
with advanced/metastatic ESCC, and should be
considered as one of the treatment options for
patients with advanced/metastatic ESCC in the
absence of other treatment options. Therefore,
future clinical expansion studies should be
thoroughly investigated.
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