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Abstract: Objective: To analyze the clinical effectiveness and safety of Camrelizumab immunotherapy in patients 
with advanced esophageal carcinoma (aEC). Methods: A retrospective study was conducted on 142 aEC cases 
admitted between May 2020 to October 2022. The patients who received albumin-bound paclitaxel (ALB-bound 
PTX) and cis-platinum (DDP) were grouped into the control group (n=72), and the others received Camrelizumab im-
munotherapy in combination with ALB-bound PTX and DDP were grouped in to the research group (n=72). The clini-
cal effectiveness, side effects (rash, nausea/vomiting, impaired liver function, leukopenia, thrombocytopenia, and 
alopecia), tumor marker levels (CEA, CA199, and CA125), immunoglobulin levels (IGA, IGM, and IGG), immune mol-
ecule levels (PD-1 and PD-L1), and the one-year survival rate were compared between the two groups. Furthermore, 
the risk factors affecting therapeutic effectiveness were identified by binary Logistic regression analysis. Results: 
Compared to the control group, the research group demonstrated a higher overall response rate, fewer side effects, 
and greater reductions in the levels of CEA, CA199, and CA125 after treatment. IgA, IgM, and IgG levels increased 
significantly in both groups after treatment, with a more pronounced improvement in the research group. PD-1 and 
PD-L1 levels decreased significantly after treatment, especially in the research group. The one-year survival rate was 
higher in the research group. Furthermore, treatment modality was a risk factor affecting therapeutic effectiveness 
in aEC patients. Conclusions: Camrelizumab immunotherapy is highly effective in treating aEC. It can increase the 
one-year survival rate, and elevate the levels of immunoglobulins and immune molecules while reducing the levels 
of tumor markers and incidence of side effects.
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Introduction

Esophageal carcinoma (EC) is a prevalent ma- 
lignancy in digestive system, characterized by 
its insidious onset, making early detection in 
patients challenging [1]. Many patients have 
already entered an advanced stage by the time 
they experience noticeable symptoms, which 
undoubtedly complicates treatment and poses 
a serious threat to their health and survival [2]. 
For advanced EC (aEC) patients, while radical 
surgery can directly remove the primary tumor, 
it is often difficult to eradicate all cancer cells, 
due to the possibility of cancer cells invading 
surrounding tissues or lymph node metastasis 
[3]. Chemotherapy plays a critical role in the 
postoperative treatment of aEC patients, effec-

tively killing residual cancer cells and prevent-
ing further tumor development [4]. With various 
chemotherapy drugs available, selecting drugs 
suitable for patients is particularly important, 
as it is closely related to chemotherapy effec-
tiveness and possible adverse reactions during 
the chemotherapy [5].

Currently, paclitaxel (PTX) and cis-platinum 
(DDP) are commonly used chemotherapy drugs 
for aEC treatment. The former can interfere with 
tumor cell division, while the latter can inhibit 
tumor cell replication [6]. However, PTX lacks 
selectivity for tumor tissues and may cause 
damage to other organs [7]. The emerging albu-
min (ALB)-bound PTX, which combines PTX with 
ALB, can more accurately target tumor tissues, 
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improve efficacy, and reduce allergic reactions, 
with easy use [8]. Although these chemothera-
py regimens can prolong survival, they can also 
damage normal cells, reduce immune function, 
and affect quality of life [9]. In recent years, 
immunotherapy has emerged as a promising 
approach in the treatment of advanced malig-
nancies. Camrelizumab, a biologic drug specifi-
cally used in tumor immunotherapy, acts as  
an immunosuppressive regulator [10]. It can 
quickly and effectively inhibit excessive immune 
responses that may promote the growth and 
spread of tumors in some cases [11]. By mo- 
dulating these immune response, Camrelizum- 
ab helps prevent tumor cell proliferation and 
metastasis, gaining valuable time for treatment 
[12]. When Camrelizumab enters the body, it 
can rapidly target the programmed death-1 
(PD-1) receptor, an important protein on the 
surface of immune cells, playing a key role in 
the regulation of immune response [13]. By 
tightly binding to the PD-1 receptor, Camre- 
lizumab effectively blocks its signal pathways, 
essentially “cutting off” the communication 
between tumor cells and the immune system 
[14]. This mechanism allows Camrelizumab 
gradually to restore the patient’s autoimmune 
system and enhance its ability to recognize and 
attack tumor cells [15]. Wu et al. demonstrated 

that the combination of Camrelizumab and 
Gemcitabine provided a new treatment option 
for gallbladder cancer with multiple abdominal 
lymph node metastases [16].

In this study, we included 142 aEC patients and 
comparatively analyzed the clinical effective-
ness of Camrelizumab immunotherapy for aEC, 
validating the clinical advantages of this the- 
rapy.

Patients and methods

Clinical data collection

This study was approved by the Ethics Com- 
mittee of Xiangya School of Pharmaceutical 
Sciences, Central South University. In this retro-
spective study, 142 aEC patients who received 
treatment at Xiangya School of Pharmaceutical 
Sciences, Central South University between 
May 2020 and October 2022 were selected. 
Based on their treatment regimen, the patients 
were classified into two groups: a control group 
received treatment with ALB-bound PTX and 
DDP (n=72), and a research group that received 
additional Camrelizumab immunotherapy on 
the basis of the treatment used in control group 
(n=72). The flowchart of this study is shown in 
Figure 1.

Figure 1. Flowchart of this study. aEC, advanced esophageal carcinoma; ALB, albumin; PTX, paclitaxel; DDP, cis-
platinum.
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Inclusion criteria: Clinical diagnosis of aEC; no 
prior chemotherapy; no history of drug aller-
gies; good overall physical condition and toler-
ance to immunotherapy; clinical stage: IIIb-IV; 
first-time treatment; complete case records. 
Exclusion criteria: Liver or kidney dysfunction; 
abnormal coagulation function; other infectious 
diseases; referral to other hospitals during the 
treatment; other digestive system neoplastic 
diseases or contraindications to the study me- 
dication.

Treatment methods

The control group was given ALB-bound PTX 
plus DDP treatment. On the first day, the pa- 
tient was given ALB-bound PTX (Hunan Kelun 
Pharmaceutical Co., Ltd., SFDA Approval No. 
H20203443) intravenously at a dose of 220 
mg/m2; Additionally, DDP (Qilu Pharmaceutical, 
SFDA Approval No. H37021362) was given by 
intravenous drip at 25 mg/m2 from day 1 to day 
3. Patients underwent two cycles of treatment, 
each lasting for 21 days.

In addition to the treatment described above, 
the patients in research group was injected 
with 200 mg of Camrelizumab (Jiangsu Hengrui 
Pharmaceuticals, SFDA Approval No. S2019- 
0027) dissolved in 100 mL 0.9% sodium chlo-
ride injection, once every 21 days. Patients 
received 2 cycles of chemotherapy, with 21 
days per cycle.

Data extraction and patient sample size calcu-
lation

A total of 142 patients with aEC were screen- 
ed from the medical record system. The extract-
ed data included clinical effectiveness, side 
effects, tumor markers, immunoglobulins (Igs), 
immune molecules, and survival status, to 
assess and compare the clinical outcomes 
between the two groups. The patient sample 
size was determined to meet the minimum 
requirement of approximately 41 participants, 
based on the binomial proportion sample size 
estimation formula.

Outcome measures

We comparatively analyzed the clinical effec-
tiveness, side effects (rash, nausea/vomiting, 
impaired liver function, leukopenia, thrombocy-
topenia, and alopecia), tumor markers [carcino-

embryonic antigen (CEA), carbohydrate antigen 
(CA) 199, and CA125], immunoglobulins (IgA, 
IgM, and IgG), immune molecules [PD-1 and 
programmed death receptor ligand-1 (PD-L1)], 
and the one-year survival rate of the two gro- 
ups. Among these, clinical effectiveness, side 
effects, tumor markers, and Igs were the main 
observation indicators, and immune molecules 
and survival rate were secondary observation 
indicators.

(1) Clinical effectiveness. Complete response 
(CR): complete disappearance of the lesion on 
imaging, sustained for more than four weeks; 
Partial response (PR): tumor volume reduction 
of 30% or more, sustained for more than four 
weeks; Stable disease (SD): tumor volume re- 
duction of less than 30% or an increase of less 
than 20%; Progressive disease (PD): tumor vol-
ume increase of 20% or more. The disease con-
trol rate (DCR) was calculated as the sum of the 
rates of CR, PR, and SD.

(2) Side effects. It was assessed mainly by ob- 
serving and recording the occurrence of rash, 
nausea/vomiting, impaired liver function, leu-
kopenia, thrombocytopenia, and alopecia dur-
ing the treatment.

(3) Tumor markers. Before and after 6 weeks of 
treatment, 3 mL of fasting venous blood was 
drawn from both groups. The blood samples 
were centrifuged at 3,000 rpm for 15 minutes 
to separate the serum. Levels of CEA, CA199, 
and CA125 were determined using electro- 
chemiluminescence.

(4) Immunoglobulins. Before and after the inter-
vention, 3 mL of fasting blood samples were 
collected from patients in a calm state. The 
samples were then processed and analyzed for 
IgA, IgM, and IgG using enzyme-linked immuno-
sorbent assay (ELISA) kits (Shanghai Enzyme-
linked Biotechnology).

(5) Immune molecules. 4 mL of fasting venous 
blood was taken from each patient. The serum 
was separated by centrifugation, strictly com-
pleted within 15 minutes. The serum levels of 
PD-1 and PD-L1 levels were tested using ELISA 
kits (Sino Biological Inc., Beijing, SEKB10377, 
KIT10084).

(6) Survival rate. Patients were followed up for 
one year by telephone or outpatient visits, with 
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Table 1. Comparison of general data between the two groups

Indicator Research group 
(n=71)

Control group 
(n=71) χ2/t P

Age (years) 58.93±5.17 59.27±5.24 0.389 0.698
Tumor diameter (cm) 2.46±0.51 2.53±0.46 0.859 0.392
Body mass (kg) 60.58±5.76 61.22±5.81 0.659 0.511
Eastern Cooperative Oncology Group score 0.257 0.612
    0 point 30 (42.25) 33 (46.48)
    1 point 41 (57.75) 38 (53.52)
Lesion site 0.289 0.865
    Upper thoracic segment 20 (28.17) 18 (25.35)
    Middle thoracic segment 25 (35.21) 24 (33.80)
    Lower thoracic segment 26 (36.62) 29 (40.85)
Clinical staging 0.753 0.386
    IIIb 29 (40.85) 24 (33.80)
    IV 42 (59.15) 47 (66.20)

Table 2. Comparison of clinical effectiveness between the two 
groups

Indicator Research group 
(n=71)

Control group 
(n=71) χ2 P

Complete response 0 (0.00) 0 (0.00)
Partial response 29 (40.85) 11 (15.49)
Stable disease 32 (45.07) 33 (46.48)
Progressive disease 10 (14.08) 27 (38.03)
Total effective rate 61 (85.92) 44 (61.97) 10.561 0.001

all-cause death and the end of follow-up as the 
endpoint. The one-year survival rate of both 
groups was analyzed.

Statistical analysis

Continuous data were expressed as mean ± 
SEM, with between-group and within-group dif-
ferences identified using independent sample 
t-tests and paired t-tests, respectively. Cate- 
gorical variables were expressed by rate (per-
centage), and χ2 tests were employed for bet- 
ween-group comparisons. The one-year surviv-
al status of patients was analyzed using the 
Kaplan-Meier (K-M) method. Data analyses 
were made by SPSS 22.0. Statistical signifi-
cance was defined as a P-value <0.05.

Results

Comparison of general information between 
the two groups

An analysis of general information, as shown in 
Table 1, revealed similar age, tumor diameter, 

body mass, Eastern Cooperative 
Oncology Group (ECOG) score, 
lesion site, and clinical stage 
between the control and re- 
search groups (all P>0.05).

Comparison of clinical ef-
fectiveness between the two 
groups

As shown in Table 2, the overall 
response rate was statistically 

higher in the research group than the control 
group (85.92% vs. 61.97%) (P<0.05).

Analysis of factors influencing therapeutic ef-
fectiveness

Values were assigned to age, tumor diameter, 
body mass, ECOG score, lesion site, clinical 
staging, and treatment modality (Table 3). Sub- 
sequently, binary logistic regression analysis 
was carried out, and the results revealed that 
while age, tumor diameter, body mass, ECOG 
score, lesion site, and clinical staging did not-
significantly influence therapeutic effective-
ness (all P>0.05), treatment modality emerged 
as a significant risk factor influencing therapeu-
tic effectiveness in aEC patients (P<0.05, Table 
4).

Comparison of side effects between the two 
groups

As summarized in Table 5, the incidence of  
side effects including rash, nausea/vomiting, 
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Table 3. Assignment
Indicator Assignment
Age (years) Continuous variable
Tumor diameter (cm) Continuous variable
Body mass (kg) Continuous variable
Eastern Cooperative Oncology Group score 0 point =0 (n=63), 1 point =1 (n=79)
Lesion site Upper thoracic segment =0 (n=38), middle thoracic segment =1 

(n=38), lower thoracic segment =2 (n=38)
Clinical staging IIIb (n=49) =0, IV (n=55) =1
Treatment modality Camrelizumab (n=71) =0, albumin-bound paclitaxel + cis-platinum 

(n=71) =1

Table 4. Multivariate analysis of factors affecting therapeutic effectiveness
Factor β SE Wald P Exp (β) 95% CI
Age (years old) -0.007 0.035 0.044 0.834 0.993 0.926-1.064
Tumor diameter (cm) -0.339 0.219 2.399 0.121 0.712 0.464-1.094
Body mass (kg) 0.051 0.073 0.493 0.482 1.053 0.912-1.215
Eastern Cooperative Oncology Group score -0.118 0.427 0.076 0.783 0.889 0.385-2.053
Lesion site 0.332 0.266 1.554 0.212 1.394 0.827-2.348
Clinical staging 0.217 0.431 0.253 0.615 1.243 0.533-2.895
Treatment modality 1.466 0.444 10.905 0.001 4.331 1.815-10.338

Table 5. Comparison of side effects between the two groups

Indicator Research  
group (n=71)

Control  
group (n=71) χ2 P

Rash 1 (1.41) 4 (5.63)
Nausea/vomiting 3 (4.23) 5 (7.04)
Impaired liver function 1 (1.41) 3 (4.23)
Leukopenia 1 (1.41) 2 (2.82)
Thrombocytopenia 1 (1.41) 1 (1.41)
Alopecia 2 (2.82) 5 (7.04)
Total 9 (12.68) 20 (28.17) 5.243 0.022

impaired liver function, leukopenia, thrombocy-
topenia, and alopecia was 12.68% in the 
research group, which was significantly lower 
than 28.17% in the control group (P<0.05).

Comparison of tumor marker levels between 
the two groups

Tumor markers CEA, CA199, and CA125 were 
evaluated before and after the treatment, with 
the results shown in Figure 2. There were no 
significant inter-group differences in tumor 
markers before treatment (all P>0.05). Both 
groups exhibited marked reductions in CEA, 
CA199, and CA125 levels after treatment, with 
significantly lower levels in the research group 
(all P<0.05).

Comparison of Ig levels between 
the two groups

The immunoglobulins IgA, IgM, and 
IgG were assessed, and the results 
are displayed in Figure 3. The two 
groups did not differ statistically in 
pre-treatment Ig levels (all P>0.05). 
After treatment, both groups expe-
rienced significant increases in IgA, 
IgM, and IgG levels, with a greater 
rise in the research group than the 
control group (P<0.05).

Comparison of immune marker levels between 
the two groups

PD-1 and PD-L1 levels were analyzed before 
and after treatment, with results presented in 
Figure 4. There were no significantinter-group 
differences in pre-treatment PD-1 and PD-L1 
levels (all P>0.05). PD-1 and PD-L1 declined in 
both groups after treatment, with greater 
reductions in the research group (all P<0.05).

Comparison of 1-year survival rate between 
the two groups

Of the 71 patients in the research group, 9 died 
within one year, with a one-year survival rate of 
87.32%. Among the 71 patients in the control 
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Figure 2. Comparison of pre- and post-treatment CEA, CA199, and CA125 levels between the two groups. A. Pre- and 
post-treatment CEA levels; B. Pre- and post-treatment CA199 levels; C. Pre- and post-treatment CA125 levels. Note: 
**P<0.01 vs. before treatment; aP<0.05 vs. Control. CEA, carcinoembryonic antigen; CA199, carbohydrate antigen 
199; CA125, carbohydrate antigen 125.

Figure 3. Comparison of pre- and post-treatment IgA, IgM, and IgG levels between the two groups. A. Pre- and post-
treatment IgA levels; B. Pre- and post-treatment IgM levels; C. Pre- and post-treatment IgG levels. Note: **P<0.01 vs. 
before treatment; aP<0.05 vs. Control. IgA, immunoglobulins A; IgM, immunoglobulins M; IgG, immunoglobulins G.

Figure 4. Comparison of pre- and post-treatment PD-1 and PD-L1 levels be-
tween the two groups. A. Pre- and post-treatment PD-1 levels; B. Pre- and 
post-treatment PD-L1 levels. Note: **P<0.01 vs. before treatment; aP<0.05 
vs. Control. PD-1, programmed death-1; PD-L1, programmed death receptor 
ligand-1.

group, 26 died within one year, with a one-year 
survival rate of 63.38%. The K-M curves drawn 
showed a higher survival rate in the research 
group compared to the control group (P<0.05), 
as shown in Figure 5.

Discussion

Esophageal carcinoma (EC) is 
associated with alcohol abuse 
and smoking. Early detection 
of EC is challenging, and the 
disease is often diagnosed at 
an advanced stage, at which 
point chemoradiotherapy or 
surgery becomes necessary 
[17]. While chemoradiothera-
py is effective in killing cancer 
cells, it can also inadvertently 
injure normal cells, leading to 
weakened immunity and other 
side effects, such as vomiting 
and hair loss [18]. Moreover, 

the overall prognosis remains poor for many 
patients, since the advanced nature of the dis-
ease often limits the effectiveness of treat-
ment, resulting in shortened survival times. 
Elderly patients, who frequently have other 
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comorbidities and frailty, are not suitable can- 
didates for surgery, making conservative man-
agement preferred in many cases [19]. Cam- 
relizumab, a PD-1 immunosuppressant, offers 
a targeted approach to treating tumors by har-
nessing the body’s immune system to eliminate 
cancer cells more precisely without inducing 
resistance, a common problem of chemoradio-
therapy [4]. In addition, Camrelizumab can str- 
engthen the immune system and produce long-
term immune memory, providing a lasting eff- 
ect in patients [20]. In this study, we applied 
immunotherapy with Camrelizumab in aEC pa- 
tients, and validated its advantages, providing 
useful clinical evidence for the prevention and 
treatment of aEC.

Camrelizumab is a humanized PD-1 monoclo-
nal antibody that acts as an immunosuppres-
sant by binding to PD-1 receptors and blocking 
the connection between PD-1 and PD-L1, thus 
improving the body’s immunity against tumors 
[21]. This is the basic principle of cancer immu-
notherapy, which strengthens the body’s natu-
ral defense to more effectively combat cancer 
[22]. Previous studies have shown that stereo-
tactic radiosurgery (SRS) in combination with 
Ranibizumab intervention for advanced non-
small cell lung cancer (NSCLC) can effectively 
inhibit angiogenesis, tumor growth and metas-
tasis and significantly improve patients’ quality 
of life, with a good synergistic effect [23]. In our 
study, the overall response rate was significant-
ly higher in the research group than the control 
group (85.92% vs. 61.97%), suggesting the 
advantages of the Camrelizumab-based immu-
notherapy regimen in improving curative effect. 
We also identified the risk factors influencing 

therapeutic effectiveness in aEC patients and 
found that the treatment modality was a risk 
factor, further confirming the efficacy of Cam- 
relizumab immunotherapy. Previous studies 
have also shown that Camrelizumab in combi-
nation with chemotherapy and antiangiogenic 
agents for advanced NSCLC with malignant 
pleural effusion can improve cancer-related 
features, reduce tumor size in primary and met-
astatic cancers, and remove tumor cells from 
patients [24]. Although the ALB-bound PTX + 
DDP therapy has a definite anti-tumor thera-
peutic effect, it inevitably causes damage to 
other healthy cells, tissues, and organs while 
exerting a negative impact on patient immunity. 
While Camrelizumab can block tumor cell sig-
naling pathways, it may also affect the normal 
function of tissues and organs, leading to com-
plications such as fever, cough, and infection. 
However, patients treated with Camrelizumab 
experienced a much lower incidence of adverse 
effects than those receiving traditional chemo-
therapy approaches [25]. Similarly, we found 
that the total incidence of adverse reactions in 
the research group was significantly lower com-
pared to the control group (12.68% vs. 28.17%). 
This suggests that Camrelizumab immunother-
apy for aEC is helpful to prevent the occurrence 
of adverse reactions such as rash, nausea/
vomiting, impaired liver function, leukopenia, 
thrombocytopenia, and alopecia to some ex- 
tent. Preoperative serum CEA levels have been 
shown to predict resectability in EC patients 
and can serve as an influencing factor for the 
objective response rate of PTX plus DDP regi-
men combined with PD-1 inhibitor neoadjuvant 
therapy for EC [26]. In this study, CEA, CA199, 
and CA125 levels were markedly reduced in the 
research group more than the control group, 
suggesting that immunotherapy with Cam- 
relizumab can effectively improve the local 
tumor control effect, reduce the levels of tumor 
markers, and thus delay the disease progres-
sion in patients. Other studies have shown that 
the development of immunotherapy, particu-
larly immune checkpoint inhibitors targeting 
PD-1/PD-L1, has improved the prognosis of 
cancer patients, and that Camrelizumab immu-
notherapy has prolonged survival in EC patients, 
possibly due to improved anti-tumor immunity 
[27]. Subsequently, Ig detection results reve- 
aled markedly elevated IgA, IgM, and IgG levels 
in the research group more than the control 
group after the treatment, underscoring the 

Figure 5. Kaplan-Meier curves of 1-year survival.
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role of Camrelizumab immunotherapy in en- 
hancing patients’ immunity. By activating and 
enhancing the patient’s immune system, this 
therapy helps the body better recognize and 
attack tumor cells, thus enhancing anti-tumor 
immunity while also reducing the risk of infec-
tion and complications. The PD-1/PD-L1 signal-
ing pathway plays a crucial role in suppressing 
T cell activation, accelerating tumor-specific T 
cell death, and fostering immune evasion. This 
pathway is highly active in the tumor microenvi-
ronment, leading to immune evasion and immu-
nosuppression. Our study showed that com-
pared to the control group, the PD-1 and PD-L1 
in the research group were significantly lower 
after treatment, suggesting that Camrelizumab, 
as a specific IgG4 monoclonal antibody, has 
strong binding affinity with PD-1. This drug can 
bind closely with PD-1 receptors on the surface 
of CD4+ and CD8 cells in the human body to 
effectively block PD-1 pathways, relieve the T 
cell suppression and quickly activate the im- 
mune response, demonstrating robust anti-
tumor effects. Previous evidence has shown 
that Camrelizumab immunotherapy combined 
with apatinib offers a favorable safety profile 
and strong efficacy in patients with unresect-
able recurrent or metastatic bone and soft-tis-
sue sarcoma, improving patient survival [28]. 
The results of this study showed that the one-
year survival rate of the research group was 
87.32%, significantly higher than that of the 
control group (63.38%). Camrelizumab thus 
has great advantages in significantly extending 
the survival of aEC patients.

The therapeutic mechanism of Camrelizumab 
immunization for aEC operates through several 
pathways: (1) The combination of immunother-
apy and chemotherapy can synergistically 
improve the tumor microenvironment, enhance 
the sensitivity of tumor cells to drugs, thus 
making the anti-tumor treatment more effec-
tive [29]. (2) The Camrelizumab-based regimen 
not only offers good therapeutic effect, but also 
presents fewer side effects compared to tradi-
tional chemotherapy. More importantly, it 
achieves a strong synergistic effect when com-
bined with other forms of immunotherapy [30].

In summary, Camrelizumab immunotherapy 
has significant clinical efficacy in the treatment 
of advanced esophageal carcinoma, effectively 
reducing side effects while improving the levels 

of tumor markers, immune cells, PD-1 and 
PD-L1.
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