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Abstract

Background Camrelizumab (CAM) combined with apatinib plus chemotherapy as a first-line treatment shows
good efficacy in advanced or metastatic esophageal squamous cell carcinoma (ESCC) patients. This study aimed to
explore the potential of CAM combined with apatinib plus irinotecan (IRT) as a second-line treatment in advanced or
metastatic ESCC patients.

Methods A total of 59 advanced or metastatic ESCC patients receiving CAM combined with apatinib plus IRT as
second-line treatment were enrolled in this study between January 2020 and March 2024. The primary endpoint was
progression-free survival (PFS), with secondary endpoints including overall survival (OS), the objective response rate
(ORR), the disease control rate (DCR), and the assessment of toxicity. Concurrently, a model was constructed utilizing
patients’ clinical characteristics and radiomic features to predict the patients’ prognoses.

Results At the time of analysis, 58 patients were withdrawn due to disease progression (n=9), death (n=43), or

lost to follow-up (n=6), and 1 patient was ongoing. The ORR and DCR were 37.7% and 84.9%, respectively. The
median PFS and OS were 6.3 (95% Cl: 4.8-7.8) and 16.7 (95% Cl: 13.5-19.9) months, respectively. The most common
adverse events of any grade were leukopenia (52.5%), fatigue (25.4%), anemia (23.7%), thrombocytopenia (23.7%),
neutropenia (22.0%), and hypoalbuminemia (22.0%). Most of the adverse events were grade I-Il. The incidence of
grade llIl-IV adverse events was 20.3%. Predictive models were established based on the outcomes of multivariate Cox
analyses. The combined model had an excellent ability to predict the 1-year OS [AUC (95% Cl): 0.979 (0.930-1.000)].

Conclusion CAM combined with apatinib plus IRT as a second-line treatment exhibits acceptable efficacy and safety
in advanced or metastatic ESCC patients. The model that combines clinical and radiomic features has the greatest
ability to predict the survival of advanced or metastatic ESCC patients.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is the
most common subtype of esophageal cancer, account-
ing for more than 80% of all esophageal cancer cases [1].
Most ESCC patients are diagnosed at an advanced stage,
and the first-line treatment for these patients is platin/
fluoropyrimidine-based chemotherapy with or without
immunotherapy [2, 3]. Once first-line treatment fails, the
choice of second-line treatment for advanced or meta-
static ESCC patients is limited, which mainly involves
chemotherapy, such as irinotecan (IRT) monotherapy
[2, 4]. Therefore, exploring alternative second-line
treatments is crucial for advanced or metastatic ESCC
patients.

Targeted therapy, such as apatinib, has made advance-
ments in managing advanced ESCC [5, 6]. Apatinib exerts
its effects by specifically inhibiting the tyrosine kinase
activity of vascular endothelial growth factor receptor-2,
thereby suppressing tumor angiogenesis [7]. Some stud-
ies have reported that second- or subsequent-line apa-
tinib shows satisfactory efficacy and safety in advanced
ESCC patients [8—10]. Recently, apatinib has been used
in combination with immunotherapy as a second-line
treatment in patients with digestive cancers, benefiting
from their synergistic antitumor effect [11].

Camrelizumab (CAM), an immune checkpoint
inhibitor, acts by blocking the interaction between pro-
grammed cell death-1 and its ligands, thereby promot-
ing the activity of T cells and enhancing the immune
response against tumors [12]. A previous study reported
the efficacy and safety of CAM plus apatinib and che-
motherapy as the first-line treatment in advanced ESCC
patients [13]. This study revealed that CAM plus apa-
tinib, liposomal paclitaxel, and nedaplatin as the first-line
treatment achieved an objective response rate (ORR) and
disease control rate (DCR) of 80.0% and 96.7%, respec-
tively, in advanced ESCC patients, with the most fre-
quent adverse events of reactive capillary hemangiomas,
alopecia, increased alanine aminotransferase (ALT) lev-
els, thrombocytopenia, and anemia [13]. However, the
potential of CAM plus apatinib and chemotherapy as the
second-line treatment for advanced or metastatic ESCC
patients remains unclear.

Accordingly, the current study aimed to explore the
efficacy and safety of CAM combined with apatinib plus
IRT as a second-line treatment in advanced or metastatic
ESCC patients.

Methods

Patients

In this single-arm, open-label, phase 2 study, 59 patients
diagnosed with advanced or metastatic ESCC were
enrolled between January 2020 and March 2024. The
eligibility criteria were as follows: (1) aged greater than
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18 years, male or female; (2) diagnosis of advanced or
metastatic ESCC by histopathology or cytology; (3) mea-
surable lesions complying with RECIST 1.1 criteria; (4)
previous systemic first-line chemotherapy failed or intol-
erable; (5) physical performance score Eastern Coop-
erative Oncology Group performance status (ECOG
PS) 0-1; (6) no serious hematopoietic function, heart,
lung, liver, or kidney function abnormalities or immune
deficiency; laboratory tests met the following require-
ments: neutrophils>1.5x10"9/L; hemoglobin>9 g/dL;
platelets > 100 x 10"9/L; total bilirubin (TBIL)<1.5 times
the upper limit of normal value; aspartate aminotrans-
ferase (AST) (SGOT) and ALT (SGPT)<2.5 times the
upper limit of normal value; creatinine (Cr)<1.5 times
the upper limit of normal value; (7) subjects voluntarily
joined the study, signed informed consent, good com-
pliance, and cooperated with follow-up; (8) research-
ers believed that treatment can benefit. Patients were
excluded if (1) the primary esophageal cancer had a risk
of perforating and bleeding, which invaded the trachea or
adjacent large blood vessels or the heart; (2) patients who
had been proven to be allergic to the test drug and its
accessories; (3) the subject had an active immune disease
or history, had a history of organ transplantation; (4) sub-
jects were being treated with immunosuppressive agents,
or systemic or absorbable local hormones for immuno-
suppressive purposes (dose>10 mg/day prednisone or
other curative hormones), and enrolled continued use
within the first 2 weeks, except for the use of toxic hor-
mones produced by radiotherapy and chemotherapy; (5)
had clinical symptoms or diseases of the heart that were
not well controlled, such as: (1) heart failure above New
York Heart Association (NYHA) level 2; (2) not stable
angina pectoris; (3) myocardial infarction occurred
within 1 year; 6) pregnant or lactating women; 7) patients
who were unsuitable for inclusion in the study at the
judgment of the investigator. The study was approved
by the Medical Ethics Committee of the First Affiliated
Hospital of USTC West District (Approval Number: Lun-
shen 2019 No. 24) and was prospectively registered in the
China Clinical Trial Registry (ChiCTR2000028857) on
January 5, 2020. Informed consent was obtained from all
patients.

Trial design and treatment

CAM (200 mg) was administered intravenously on day
(D) 1. IRT was administered intravenously at 60 mg/m?
at D1 and D8. Apatinib (250 mg) was administered orally
from D1 to D21. The treatment was administered for 4-6
cycles in a 21-day cycle. CAM and apatinib were main-
tained until disease progression or unacceptable toxic-
ity. The dosages of apatinib and IRT could be adjusted
on the basis of the patient’s condition. Tumor response
was evaluated via RECIST 1.1 every 4 weeks for the first
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6 months and then every 12 weeks until disease progres-
sion. The median (range) follow-up time was 15.3 (1.4—
54.9) months.

Endpoints

The primary endpoint of this study was progression-
free survival (PFS) in all assigned patients. The second-
ary endpoints included overall survival (OS), the ORR,
the DCR, and safety and tolerability. PFS was defined as
the length of time from treatment initiation to disease
progression or any-cause death. OS was defined as the
length of time from treatment initiation to any-cause
death. The ORR and DCR were evaluated as follows: the
ORR was defined as the best overall response of complete
response (CR) + partial response (PR) rates, and the DCR
was defined as the best overall response of CR + PR + sta-
ble disease (SD) rates.

Clinical characteristics collection

Patient characteristics, which included age, sex, body
mass index (BMI), disease-related history, ECOG PS,
tumor-node-metastasis (TNM) stage, tumor size, tumor
location, number of metastatic sites, location of metas-
tases, distant metastases, tumor differentiation, and
serum test information, were collected. Information on
disease progression and survival was also collected, and
according to the corresponding time-period information,
accumulating progression-free survival (PFS) rate and
accumulating overall survival (OS) rate were determined.
In addition, adverse events were recorded and evaluated
via the National Cancer Institute Common Terminology
Criteria for Adverse Events (version 5.0).

Feature extraction

The enhanced computed tomography (CT) images were
imported into ITK-SNAP (www.itk-snap.org), where the
target lesion margins were delineated layer-by-layer on
arterial-phase CT images, forming a three-dimensional
region of interest. Two radiologists, each with over 15
years of clinical diagnostic experience, independently
reviewed the images to ensure repeatability in both
intra- and inter-observer segmentation. Intra- and inter-
observer consistency of feature extraction was evaluated
using intraclass correlation coefficients (ICCs). To calcu-
late intra-observer ICC, 15 randomly selected CT images
were segmented twice by Reader A over a one-month
period (with intervals of at least 10 days). For inter-
observer ICC calculation, the selected images were seg-
mented independently by two radiologists (Reader A and
Reader B). Segmentation was conducted to enable inde-
pendent feature extraction, allowing for the calculation of
both intra- and inter-observer ICC. An ICC greater than
0.75 was considered to indicate good consistency, with
the remaining segmentations performed by Reader A.
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Radiomic features of esophageal lesions were extracted
via the PyRadiomics software package (http://pyradiom
ics.readthedocs.io) based on Python, in alignment with
the Imaging Biomarker Standardization Initiative guide-
lines. The Radiomics Documentation (https://pyradiomic
s.readthedocs.io/en/latest/index.Html) provided detailed
descriptions of these radiomic features. Feature selection
was conducted via R software v. 4.3.2 (The R Foundation
for Statistical Computing, Vienna, Austria). Z score nor-
malization was applied to unify the scales of different fea-
tures, ensuring that outdated feature scales fell within a
range of 0 to 1. To eliminate redundant radiomic features,
pairwise correlation analysis was performed via the “find-
Correlation” function in the “caret” package in R, with
an absolute correlation cutoff of 0.9. The least absolute
shrinkage and selection operator (LASSO) Cox regres-
sion model—a method suitable for high-dimensional
predictor regression that penalized and shrank some
regression coefficients to zero—was used to select the
most predictive radiomic features. The penalty parameter
(lambda) was determined through ten-fold cross-valida-
tion based on the minimum error criterion.

Model development and evaluation

The selected features were weighted based on the basis
of their respective coefficients obtained from the LASSO
model, and the Rad score was calculated via a linear com-
bination of these weighted features. The cutoff value for
the Rad score was determined via X-tile software (version
3.6.1; Yale University School of Medicine, New Haven,
USA). Based on this cutoff, patients were categorized
into high-risk and low-risk groups, and the Kaplan-Meier
method was applied to compare survival differences
between these groups, providing an initial assessment
of the association between the radiomics model and
OS. Previous studies demonstrated that combining
radiomic features with high predictive potential yielded
better performance than using individual features alone
[14]. Therefore, in accordance with prior research, mul-
tivariate Cox proportional hazards models were used to
select radiomic features with significant predictive value
(P<0.05) for subsequent model construction [15, 16].
The selected radiomic features were incorporated into a
multivariable Cox proportional hazards model based on
clinical characteristics, identifying independent prog-
nostic factors that include both radiomic and clinical
features. Nomograms and calibration curves were con-
structed based on the clinical, radiomic, and combined
features. To evaluate the predictive value of these three
models for patient prognosis, we used time-dependent
receiver operating characteristic (ROC) curves and the
concordance index (C-index). Additionally, we assessed
the net benefits of the three models via decision curve
analysis (DCA).
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Sample size calculation

The sample size was calculated using G*Power (ver-
sion 3.1.9.7). A one-sided exact binomial test was used
to assess whether the ORR of the investigational treat-
ment exceeded a predefined historical control. The null
hypothesis response rate was set at 34.6% [17], and the
expected ORR was assumed to be 55.0%. With a one-
sided significance level (a) of 0.05 and a power (1-)
of 0.90, the required sample size was estimated to be 53
patients, achieving an actual power of 90.0%. Considering
the 10% drop off rate, the final estimated sample size was
59.

Statistics

The analysis of this study was based on the full analysis
set. SPSS (version 29.0, IBM, USA) was used for data
analysis. Descriptive statistics were used to describe the
clinical characteristics, best overall response, and adverse
events of advanced or metastatic ESCC patients. A
Kaplan-Meier curve was used to display the accumulat-
ing PFS and accumulating OS rates. The full plot of the
best change in tumor size from baseline was generated
with R software version 4.3.3, in which the ‘dplyr’ library
was used. Univariable and multivariable Cox regression
analyses were used to explore factors related to PFS and
OS. We used the “glmnet” package to perform LASSO
Cox regression. The “rms” package was used for multi-
variate Cox regression analysis, nomogram construc-
tion, and calibration. The “DynNom” package was used
to construct nomograms on the web. The R function
cox.zph was employed to test the proportional hazards
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assumption for a Cox regression model fit. The C-index
was calculated and compared via function concordance.
index and C-index. comp in the “survcomp” package.
Prediction error curves were generated via the “pec”
package. A P value <0.05 indicated statistical significance.

Results

Patients and treatment

A total of 64 advanced or metastatic ESCC patients were
recruited, and 5 patients were initially excluded because
they did not receive the treatment regimen specified in
this study (#=1) or had incomplete baseline CT scans
(n=4). A total of 59 patients were enrolled in this study.
Among these patients, 58 of them were withdrawn due
to disease progression (n=9), death (n=43), and lost to
follow-up (n=6). Only 1 patient was ongoing (Fig. 1).

Baseline characteristics

The median [interquartile range (IQR)] age of the patients
was 67.0 (59.0-71.0) years. In terms of sex, 8 (13.6%)
patients were female, and 51 (86.4%) patients were male.
Four (6.8%) patients had an ECOG PS score of 0, and 55
(93.2%) patients had an ECOG PS score of 1. The median
(IQR) tumor size was 30.0 (19.0-43.0) mm. Thirty-nine
(66.1%), 15 (25.4%), 3 (5.1%), and 2 (3.4%) patients had
1, 2, 3, and 4 metastatic sites, respectively. There were 15
(25.4%), 8 (13.6%), 53 (89.8%), and 9 (15.3%) patients with
metastases in the liver, lung, lymph node, and other loca-
tions, respectively. A total of 47 (79.7%) patients had dis-
tant metastasis. The detailed clinical characteristics are
shown in Table 1.

were recruited

64 advanced esophagus cancer patients

5 patients who did not meet the
inclusion criteria or met the exclusion
criteria were excluded

were enrolled

59 advanced esophagus cancer patients

58 patients were withdrawn

* 9 patients due to disease progression
* 43 patients died
* 6 patients were lost to follow-up

1 patient was ongoing

Fig. 1 Patient screening and analysis flow diagram
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Table 1 Clinical characteristics of patients with advanced ESCC

Characteristics

Patients (N=59)

Age (years), median (IQR)
Age stratification, n (%)
<65 years
>65 years
Sex, n (%)
Female
Male
BMI (kg/m?), mean +SD

History of surgery related to primary lesion, n (%)

History of radiotherapy, n (%)

History of systemic chemotherapy, n (%)

History of targeted therapy, n (%)
ECOG PS, n (%)
0
1
Tumor location, n (%)
Cervical esophagus
Thoracic esophagus
Abdominal esophagus
Tumor size (mm), median (IQR)
TNM stage, n (%)
%
Number of metastatic sites, n (%)
1
2
3
4
Location of metastases, n (%)
Liver
Lung
Lymph node
Other
Distant metastases, n (%)
Tumor differentiation, n (%)
Well
Moderately
Moderately-to-poorly
Poorly
Undifferentiated
CEA (ng/mL), median (IQR)
TBIL (umol/L), median (IQR)
DBIL (umol/L), median (IQR)
IBIL (umol/L), median (IQR)
ALT (U/L), median (IQR)
AST (U/L), median (IQR)
ALP (U/L), median (IQR)
GGT (U/L), median (IQR)
LDH (U/L), median (IQR)
ALB (g/L), mean+SD
BUN (mmol/L), median (IQR)

67.0 (59.0-71.0)

8(13.6)

48 (81.4)

3(5.1)
30.0(19.0-43.0)

59 (100.0)

39 (66.1)
15(254)
3(5.1)
2(34)

15(254)
8(13.6)
53(89.8)
9(15.3)
47 (79.7)

1(1.7)

27 (45.8)

3(5.1)

19(32.2)
9(15.3)
2.8(1.8-4.7)

8.5 (6.8-12.9)
3.9(2.9-4.9)
50(3.8-82)
12.5(9.0-18.3)
17.5(14.0-23.0)
89.0 (68.8-110.3)
24.0(16.0-39.0)

181.0(153.3-219.3)

393+46
54 (44-6.5)
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Table 1 (continued)

Characteristics Patients (N=59)
Cr (umol/L), mean +SD 73.1£16.0
UA (umol/L), mean+SD 325.7+100.6

ESCC, esophageal squamous cell carcinoma; IQR, interquartile range; BMI,
body mass index; SD, standard deviation; ECOG PS, Eastern Cooperative
Oncology Group Performance Status; TNM, tumor-node-metastasis; CEA,
carcinoembryonic antigen; TBIL, total bilirubin; DBIL, direct bilirubin;
IBIL, indirect bilirubin; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; ALP, alkaline phosphate; GGT, gamma-glutamyl transferase;
LDH, lactic dehydrogenase; ALB, albumin; BUN, urea nitrogen; Cr, creatinine;
UA, uric acid. Special illustration: All the continuous variables were completed
abnormal distribution test by the Kolmogorov-Smirnov test. Non-normal
distribution variables were described as median (IQR), and normal distribution
variables were described as mean+SD

Efficacy

A total of 53 patients with clinical response data were
included in the treatment response analysis. CR, PR,
SD, and progressive disease (PD) rates were 1.9%, 35.8%,
47.2%, and 15.1%, respectively. The ORR and DCR were
37.7% and 84.9%, respectively (Fig. 2A). Figure 2B shows
the best target lesion diameter change from baseline
in each patient. Thirty-three patients experienced tar-
get lesion diameter reduction from baseline, and 20 of
them had the best target lesion diameter reduction from
baseline > 30%.

In patients who achieved CR, the times of first con-
firmed PR and CR were 1.8 and 7.7 months, respec-
tively, after second-line treatment with CAM combined
with apatinib plus IRT. In those who achieved a PR, the
median (IQR) time of the first confirmed PR was 1.9
(1.6—2.4) months after the second-line treatment (Fig. 3).

The median PFS [95% confidence interval (CI)] was 6.3
(4.8-7.8) months. The 6-, 12-, 18-, 24-, 30-, and 36-month
accumulating PFS rates were 50.9%, 17.0%, 5.7%, 5.7%,
3.8%, and 1.9%, respectively (Fig. 4A). The median OS
(95% CI) was 16.7 (13.5-19.9) months. The 6-, 12-, 18-,
24-, 30-, 36-, 42-, 48-, and 54-month accumulating OS
rates were 88.7%, 65.2%, 47.1%, 28.2%, 5.6%, 5.6%, 5.6%,
5.6%, and 5.6%, respectively (Fig. 4B).

Safety profiles

The most common adverse events of any grade were
leukopenia (52.5%), fatigue (25.4%), anemia (23.7%),
thrombocytopenia (23.7%), neutropenia (22.0%), and
hypoalbuminemia (22.0%). Most adverse events were
grade I or II. Grade III adverse events included leuko-
penia (5.1%), diarrhea (5.1%), thrombocytopenia (3.4%),
fatigue (1.7%), neutropenia (1.7%), loss of appetite (1.7%),
hand-foot skin reaction (1.7%), and atrial fibrillation
(1.7%). Grade IV adverse events included leukopenia
(5.1%), myelosuppression (3.4%), erythropenia (3.4%),
and neutropenia (1.7%) (Table 2). Confirmed immune-
related adverse events were reactive cutaneous capillary
endothelial proliferation and immune enteritis, with inci-
dence of 8.5% and 1.7%, respectively. Other suspected
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immune-related adverse events include fatigue, loss
of appetite, increased TBIL, diarrhea, increased AST,
increased ALT, and increased Cr. Due to the lack of docu-
mentation on how many of these adverse events were
immune-related, the accurate incidence was unavailable
(Table 2).

Evaluation of radiomic feature reproducibility

The reproducibility of radiomic feature extraction was
assessed based on intra- and inter-observer agreement.
The intra-observer ICC for the two measurements
obtained by Reader A ranged from 0.847 to 0.952, while
the inter-observer ICC between the two readers ranged
from 0.774 to 0.893. These results indicated a high level
of reproducibility for feature extraction both within and
between observers. Consequently, all final results were
based on measurements obtained by Reader A.

Radiomic feature extraction

A total of 1874 radiomic features were extracted from
three-dimensional region of interest (ROI) images of
esophageal cancer patients (Fig. 5A). The original fea-
tures included 14 shape features, 18 first-order features,
and 75 s-order (texture) features [including 24 Gy level
co-occurrence matrix (GLCM) features, 14 Gy level
dependence matrix features, 16 Gy level run length
matrix (GLRLM) features, 16 Gy level size zone matrix
features, and 5 neighborhood gray tone difference matrix
(NGTDM) features]. The original CT images were fil-
tered via wavelet, Laplacian-Gaussian, square, square
root, logarithm, exponential, gradient filters, and Local
Binary Pattern 2D/3D to generate higher-order statis-
tics. High-pass (H) and low-pass (L) wavelet filters were
applied to decompose the three-dimensional images,
resulting in eight decomposition types: HHH, LLL, HHL,
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HLL, LHH, LHL, LLH, and HLH. Additionally, Local
Binary Pattern 3D (LBP-3D) was applied in three ori-
entations (Lbp-3D-k, Lbp-3D-m1, and Lbp-3D-m2) to
resample the images. Consequently, the total number of
radiomic features reached 1874, calculated as [(18 +75)
x 19+18+75+14=1,874]. After excluding features with
a Pearson correlation coefficient absolute value>0.9,
313 features remained. Using LASSO Cox regression for
dimensionality reduction, six radiomic features were ulti-
mately selected (Figs. 5B-D).

Calculation of the rad-score
The selected features were weighted according to
their respective coefficients derived from the LASSO
model, and the Rad score was calculated via the fol-
lowing formula: Rad score=-0.512744195224548
*A_exponential_firstorder_90Percentile

+ 0.4324847868548787
*A_log-sigma-3-0-mm-3D_firstorder_Minimum

-0.4119442998802703*A_log-sigma-3-0-mm-3D_
glem_Correlation

+0.7475398962597095*A_wavelet-HLH_glszm_
ZoneEntropy

-0.3735699541777159*A_wavelet-HLL_glszm_Gray-
LevelNonUniformityNormalized

-0.6918076857064893*A_wavelet-LHH_firstorder_
Kurtosis

The cutoff value for the Rad score, determined via
X-tile software, was —0.5274497362077936. On the basis
of this cutoff, patients were classified into high-risk and
low-risk groups. Kaplan-Meier survival analysis revealed
that OS in the low-risk group was significantly greater
than that in the high-risk group (P<0.001) (Figs. 5E-F).

Selection of clinical and radiomic features

Univariate and multivariate Cox proportional hazards
models were used to identify significant clinical and
radiomic features. Multivariate analysis of clinical fea-
tures revealed that lactic dehydrogenase (LDH) [P=0.013,
hazard ratio (HR): 6.780, 95% CI: 1.500-30.800] and
indirect bilirubin (IBIL) (P=0.012, HR: 39.590, 95% CI:
2.220-704.000) were independent risk factors influenc-
ing patient prognosis (Table 3; Fig. 6A). For radiomic
features, multivariate analysis indicated that A_expo-
nential_firstorder_90Percentile (P=0.006, HR: 0.009,
95% CI: 0.017-0.499), A_wavelet-HLH_glszm_ZoneEn-
tropy (P=0.008, HR: 3.870, 95% CI: 1.420-10.600), and
A_wavelet-LHH_firstorder_Kurtosis  (P=0.028, HR:
0.100, 95% CI: 0.013-0.780) were associated with patient
prognosis (Fig. 6B). In the combined model, the selected
radiomic and clinical features were analyzed together in a
multivariate Cox model. This analysis identified A_expo-
nential_firstorder_90Percentile (P =0.023, HR: 0.000, 95%
CI: 0.000-0.398), A_wavelet-HLH_glszm_ZoneEntropy
(P=0.019, HR: 26.450, 95% CI: 1.730-404.000), and A_
wavelet-LHH_firstorder_Kurtosis (P=0.016, HR: 0.020,
95% CI: 0.001-0.486) as key radiomic features, along with
clinical features, AST (P=0.045, HR: 45370.81, 95% CL
1.290-1.59 x 10"9) and IBIL (P=0.049, HR: 1177.16, 95%
CI: 1.03-1.35 x 10"6) as optimal predictors (Fig. 6C).

Model construction and evaluation

Three nomograms were developed to estimate the 1-year
OS of patients based on the results of multivariate Cox
regression analysis, utilizing clinical features (Fig. 6D),
radiomic features (Fig. 6E), and combined clinical and
radiomic features (Fig. 6F). The C-index was calculated
for each model to assess the consistency between the
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Table 2 Adverse events

Adverse events, Any Gradel Grade Grade Grade
n (%) grade Il 1 v
Leukopenia 31(525) 11(186) 14 3(5.1) 3(.1)
(23.7)
Fatigue 15(254) 12(203) 234 1(1.7) 0(00)
Anemia 14 (23.7) 10(169) 4(68) 0(0.0 0(0.0)
Thrombocytopenia 14(237) 8(136) 468 2(34) 0(0.0)
Neutropenia 132200 6(102) 5@5 1(1.7) 1(01.7)
Hypoalbuminemia 13(22.0) 13(22.0) 0(0.0) 0.0 0(0.0)
Myelosuppression 12 (20.3) 1(1.7) 9(153) 0(00) 2334
Loss of appetite 100169 6(102) 3(.1) 1(1.7) 0(00)
Erythropenia 10(16.9) 5(85) 3(5.1) 0(00) 234
Digestive tract 8(13.6) 6(102) 234 0.0 0(0.0)
reaction
Increased TBIL 8(13.6) 6(102) 234 0.0 0(0.0)
Diarrhea 8(13.6) 3(5.0) 2(34) 3(.1) 0(0.0
Liver dysfunction 7(11.9) 4(6.8) 3(5.1) 0.0 0(.0
Increased AST 6(10.2) 4(6.8) 2(34) 000 0(.0
RCCEP 5(8.5) 5(8.5) 000 000 0(.0
Increased ALT 5(8.5) 4 (6.8) 1(1.7) 0(0.0) 0(0.0)
Lymphopenia 5(8.5) 4(6.8) 1(1.7) 0.0 0(0.0)
Weight loss 5(8.5) 468 1(1.7) 000 0(00)
Increased blood 4(6.8) 2(34) 2(34) 000 0(0.0
pressure
Hand-foot skin 4 (6.8) 2(34) 1(1.7) 1(1.7) 0(0.0)
reaction
Nausea and vomiting 3 (5.1) 1(1.7) 2(334) 0(.0) 0(.0
Increased Cr 3(5.1) 3(5.1) 0(.0) 0(.00 0.0
Hypocalcemia 2(34) 2(34) 0(0.0) 0.0 0(.0
Hypothyroidism 2(34) 1(1.7) 1(1.7) 0(0.0 0.0
Fever 2(34) 2(34) 0(0.0) 0(.0) 0(.0)
Sore throat 101.7) 1(1.7) 0(0.0) 0.0 0(.0
Gastrointestinal 2(34) 0(0.0) 2(34) 0(0.0 0(0.0
bleeding
Hemoptysis 1(1.7) 1(1.7) 0(0.0) ) )
Oral mucosal 1(1.7) 0( (1.7) )
inflammation
Immune enteritis 1(1.7) 0(0.0) 1(1.7) 0(0.0 0.0
Pain 1(1.7) 0(0.0) 1(1.7) 0(0.0) 0(0.0)
Atrial fibrillation 101.7) 0(0.0) 0(0.00 1(1.7) 0(.0)

TBIL, total bilirubin; AST, aspartate aminotransferase; RCCEP, reactive cutaneous
capillary endothelial proliferation; ALT, alanine aminotransferase; Cr, creatinine

nomogram-predicted and observed survival outcomes.
The C-indices for the clinical model, radiomics model,
and combined model were 0.666, 0.881, and 0.914,
respectively (Figs. 6G-I), indicating a high level of agree-
ment between predicted and actual survival outcomes
for all models. ROC curve analysis demonstrated that
the clinical model had an area under the curve (AUC) of
0.679 (95% CI: 0.551-0.807) (Fig. 6]), while the radiomics
model achieved an AUC of 0.979 (95% CI: 0.930—1.000)
(Fig. 6K), and the combined model also reached an AUC
of 0.979 (95% CIL: 0.930-1.000) (Fig. 6L). The DCA of
three predictive models revealed that the radiomics
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model and combined model exhibited satisfactory net
benefits; however, due to the small sample size, the “all”
line was not able to be generated for the clinical model,
which limited the ability to fully assess the clinical utility
of this model (Figs. 6M-O). Overall, the combined model
exhibited the highest predictive value for 1-year OS in
patients.

Discussion

Two previous studies explored the efficacy of CAM plus
apatinib as a second-line treatment in advanced ESCC
patients [17, 18]. One study reported that CAM plus
apatinib as a second-line treatment achieved an ORR of
34.6% in advanced ESCC patients [17]. Another study
indicated that CAM plus apatinib as a second-line treat-
ment resulted in an ORR and a DCR of 10.2% and 69.4%,
respectively, in advanced ESCC patients [18]. In the pres-
ent study, CAM combined with apatinib plus IRT as sec-
ond-line treatment achieved an ORR and DCR of 37.7%
and 84.9%, respectively, in advanced or metastatic ESCC
patients. Our findings were comparable to those of a pre-
vious study [17]. However, the ORR (37.7% vs. 10.2%)
and DCR (84.9% vs. 69.4%) in this study were obviously
higher than those reported in other previous studies
[18]. We speculated that different prior treatments might
contribute to the inconsistent findings. In our study, no
patients had a history of immunotherapy, but the previ-
ous study enrolled advanced ESCC patients who were
previously treated with immune checkpoint inhibitors
[18]. Compared with other second-line treatments, such
as chemotherapy (ORR: 6.4-22.0%, DCR: 41.8-62.0%)
[19-21], tislelizumab (ORR: 20.4%, DCR: 47.0%) [19],
CAM (ORR: 20.2%, DCR: 44.7%) [20], and apatinib
(ORR: 7.5-24.2%, DCR: 65.0-74.2%) [8, 10], the treat-
ment response to CAM combined with apatinib plus IRT
seemed to be higher suggesting the potential of this com-
bined therapy as a second-line treatment for advanced or
metastatic ESCC patients. Moreover, we provided evi-
dence that the median (IQR) time of first achieving PR
was 1.9 (1.6-2.4) months in patients who achieved PR,
and the first time of achieving PR and CR were 1.8 and
7.7 months, respectively, in patients who achieved CR.
Our findings revealed that CAM combined with apatinib
plus IRT possessed a rapid onset of action in advanced or
metastatic ESCC patients.

The combination of CAM and apatinib as a second-line
treatment has the potential to prolong survival in patients
with various cancers [22—26]. Regarding advanced ESCC,
a previous study reported that the median PFS and OS
were 6.8 and 15.8 months, respectively, in advanced
ESCC patients receiving CAM plus apatinib as second-
line treatment [17]. Another study reported that second-
line CAM plus apatinib resulted in a median PFS and OS
of 4.6 and 7.5 months, respectively, in advanced ESCC
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patients [18]. In this study, we found that the median
PES and OS were 6.3 and 16.7 months, respectively, in
advanced or metastatic ESCC patients receiving CAM
combined with apatinib plus IRT as second-line treat-
ment. Our findings were in accordance with those of a
previous study [17] but inconsistent with those of another
study that included patients who were previously treated
with immune checkpoint inhibitors [18]. Therefore,
patients without previous immune checkpoint inhibi-
tors might benefit more from CAM combined with apa-
tinib plus IRT. According to other previous studies, the
median PFS and OS were 1.9-3.4 and 6.2-8.4 months,
respectively, in patients receiving second-line chemo-
therapy [19-21]; 1.6 months and 8.6 months, respec-
tively, in patients receiving second-line tislelizumab
[19]; 1.9 and 8.3 months, respectively, in patients receiv-
ing second-line CAM [20]; and 3.8 and 5.8-7.0 months,
respectively, in patients receiving second-line apatinib [8,
10]. Compared with these second-line treatments, CAM
combined with apatinib plus IRT as second-line treat-
ment could prolong survival in advanced or metastatic
ESCC patients.

Common adverse events after CAM monotherapy
included reactive cutaneous capillary endothelial pro-
liferation, hypothyroidism, anemia, and leukopenia in
advanced ESCC patients [20]. Regarding apatinib, com-
mon adverse events included hand-foot syndrome,

hypertension, proteinuria, hepatic injury, and fatigue in
advanced ESCC patients [8]. Common adverse events
after chemotherapy (including IRT) were leukopenia,
neutropenia, and anemia [19]. In this study, we found that
the common adverse events were leukopenia, fatigue,
anemia, thrombocytopenia, neutropenia, and hypoal-
buminemia, most of which were mild and tolerable. The
adverse events of this combination regimen were consis-
tent with those of individual drugs [8, 19, 20]. Meanwhile,
the incidence of grade III/IV adverse events was 20.3% in
this study, which was lower than CAM combined with
apatinib plus chemotherapy as the first-line treatment
(90.0%) [13]. Overall, our findings disclosed that CAM
combined with apatinib plus IRT as the second-line
treatment was tolerable for advanced or metastatic ESCC
patients.

Moreover, we also established three nomograms to pre-
dict the 1-year OS based on the outcomes of multivariate
Cox analyses in advanced or metastatic ESCC patients
receiving CAM combined with apatinib plus IRT as sec-
ond-line treatment. The function of these nomograms
was to provide a comprehensive and individualized prog-
nostic assessment for patients. The clinical nomogram
offered a prediction tool based on easily accessible clini-
cal data, while the radiomic nomogram captured detailed
tumor characteristics from imaging. The combined
nomogram integrated both clinical and radiomic features
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Table 3 Univariate and multivariate Cox analysis for the clinical model

Univariate analysis

Multiplicity analysis

Pvalue HR
Gender
Male vs. female 0.125 0357
Age
<60 vs. =260 0420 0.618
BMI
BMI<25 vs. BMI>25 0.192 0.258
ECOG PS
ECOG=0vs. ECOG=1 0.387 0.041
Tumor location
Cervical vs. thoracic and abdominal 0976 1.016
Pathological grading
Well vs. others 0.684 0.909
Number of organs with metastases
Organ=1vs. Organs>1 0.074 1616
History of radiotherapy
No vs. Yes 0.120 2322
History of primary lesion surgery
No vs. Yes 0.600 1.330
History of targeted drug therapy
NO vs. YES 0.663 0.636
Maximum change in target lesion diameter
<0% vs.20% 0.934 1.066
CEA (ng/mL)
CEA <5vs.CEA=5 0.348 1.854
AST (IU/L)
AST <40 vs. AST>37 0.026 23475
ALT (IU/L)
ALT <41 vs. ALT =41 0.054 22.060
LDH (IU/L)
LDH <250 vs. LDH =250 0.006 6.387
ALP (IU/L)
ALP <129 vs. ALP>129 0469 1.742
UA (umol/L)
UA <428 vs. UA>428 0.583 0.565
ALB (/L)
ALB <40 vs. ALB =40 0.697 0.810
DBIL (umol/L)
DBIL<6vs. DBIL=6 0.688 0.770
IBIL (umol/L)
IBIL<17 vs.IBIL=17 0.046 11.490

95%Cl Pvalue HR 95%Cl
0.096~1.332
0.192~1.990
0.033~1.981
0.000~57.381
0.343~3.013
0.573~1.441
0.954~2735
0.803~6.714
0458 ~3.858
0.083~4.877
0.238~4.770
0511~6.730
1.469~375.680
0.001~501,589
1.682~24250  0.013 6.780 1.500~30.800
0.388~7.824
0.071~4334
0.280~2.340
0.214~2.768
1.042~126.760 0.012

39.590 2.220~704.0

Cl: confidence interval; HR: hazard ratio; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group Performance Status; CEA, carcinoembryonic antigen;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactic dehydrogenase; ALP, alkaline phosphate; UA, uric acid; ALB, aloumin; DBIL, direct

bilirubin; IBIL, indirect bilirubin

to enhance prediction accuracy and offer a more holistic
view of patient outcomes. It was found that the combined
model (A_exponential_firstorder_90Percentile, A_wave-
let-HLH_glszm_ZoneEntropy, and A_wavelet-LHH_fir-
storder_Kurtosis, AST, and IBIL) had an excellent ability
to predict the 1-year OS in advanced or metastatic ESCC
patients with an AUC of 0.979. Our findings provided
support for clinical treatment decision-making and aided
in identifying patients who were most likely to benefit

from CAM combined with apatinib plus IRT as second-
line treatment. In clinical practice, clinicians could apply
this model by inputting clinical (AST and IBIL) and
radiomic (A_exponential_firstorder_90Percentile,
A_wavelet-HLH_glszm_ZoneEntropy, and A_wave-
let-LHH_firstorder_Kurtosis) parameters into the nomo-
gram. This process will yield a total score, which can then
be used to estimate the patient’s 1-year OS probabil-
ity. Based on this prediction, clinicians can better tailor
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treatment strategies for each patient, thereby improving
patients’ prognosis. It should be clarified that while this
combined model shows promising predictive ability, its
practical application in clinical settings requires further
validation to ensure reliability and utility.

This study contained two complementary sections:
the former was a clinical trial that explored the efficacy
and safety of CAM combined with apatinib plus IRT as
a second-line treatment in advanced or metastatic ESCC
patients; the latter was the clinical model construction,
which aimed to predict the survival of advanced or meta-
static ESCC patients receiving the combined regimen.
These two sections provided a comprehensive evaluation
of the combination therapy: the clinical trial disclosed
its efficacy and safety, while the clinical models offered
a tool for predicting patient prognosis and optimizing
treatment selection.

This study contained several limitations. (1) The sam-
ple size of this study was relatively small, which limited
the statistical power. (2) This was a single-arm study,
which lacked a control group for direct comparison.
Further randomized, controlled trials were required to
validate the efficacy of CAM combined with apatinib
and IRT as second-line treatment in advanced or meta-
static ESCC patients. (3) This study was conducted in
China, which limited the generalizability of our findings.
(4) In this study, biopsy samples were used to diagnose
ESCC. However, sequencing data were not included. Col-
lecting sequencing data was important to elucidate the
mechanisms underlying the efficacy of CAM combined
with apatinib plus IRT. Therefore, further studies should
incorporate such data to explore this aspect.

Conclusions

In conclusion, CAM combined with apatinib plus IRT
as a second-line treatment results in satisfactory efficacy
with manageable safety profiles in advanced or meta-
static ESCC patients. Clinically, this combined regimen
may enrich second-line treatments in advanced or meta-
static ESCC patients. Moreover, the model that combines
clinical and radiomic features has the optimal ability to
predict the survival of advanced or metastatic ESCC
patients.
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