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Factors affecting prognosis in
patients with locally advanced

and advanced esophageal cancer
receiving definitive radiotherapy in
plateau regions
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Esophageal cancer is one of the most prevalent malignancies. This study aimed to examine the
impact of factors such as immunotherapy, altitude, radiotherapy target volume, and radiotherapy
dose on the prognosis of patients with locally advanced and advanced esophageal cancer who are
receiving definitive radiotherapy and living in high-altitude regions. We retrospectively collected data
from all patients with locally advanced and advanced esophageal cancer who completed definitive
radiotherapy at Yunnan Cancer Hospital between January 2017 and January 2023. A total of 274
patients were included, with a median follow-up time of 24.5 months. The median overall survival
(OS) and progression-free survival (PFS) were 15.0 months and 11.0 months, respectively. Adjuvant
therapy (including chemotherapy, immunotherapy, and antiangiogenic targeted therapy, P=0.004)
and gross target volume (GTV, P=0.015) were independent predictors of overall survival, whereas
body mass index (BMI, P=0.037) was an independent predictor of progression-free survival. Patients
with a smaller planning target volume (PTV), clinical target volume (CTV), GTV, and gross tumor
volume of metastatic regional lymph nodes (GTVnd), as well as those with a smaller New target
volume, had a better prognosis. Treatment efficacy affects patient prognosis, with those showing early
therapeutic effectiveness having a better prognosis than those for whom the treatment is ineffective.
Patients who experienced disease progression within three months after the end of radiotherapy had
a poorer prognosis. The altitude and radiotherapy dose had no significant impact on the prognosis of
esophageal cancer patients. The location of the lesion, GTV, and simultaneous integrated boost (SIB)
radiotherapy were factors influencing the occurrence of esophageal fistulas.
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Esophageal cancer (EC) is one of the most common malignant tumors in China. In Yunnan Province, esophageal
cancer ranks 10th in incidence but 6th in mortality rate'. The prognosis of EC patients in Yunnan Province is
worse than expected, which may be related to factors such as a high-altitude hypoxic environment and poor
lifestyle habits. Yunnan Province has an average altitude of 2,000 m, with the highest altitude reaching 6,740 m,
classifying it as a high-altitude area. Studies have shown that the plateau hypoxic environment is associated
with hypoxia-inducible factor (HIF)%. Hypoxia activates the HIF signaling pathway®, which in turn affects
vascular endothelial growth factor (VEGF) and stimulates angiogenesis?, thereby improving the tumor hypoxic
environment of tumors and promoting tumor growth and metastasis. Research has shown that altitude is directly
proportional to the risk of cancer and death?.

In Yunnan, most esophageal cancer patients are diagnosed only after they present with significant dysphagia,
often at a locally advanced or advanced stage. Definitive chemoradiotherapy (dCRT) is the mainstay treatment,
yet the prognosis remains suboptimal. The median survival for patients undergoing dCRT is only 10.3 to
15.2 months®~7, and the 3-year overall survival (OS) rate ranges from 12.4-39.3%°. Immunotherapy works by
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modulating the body’s immune system to exert antitumor effects and has shown promising outcomes in the
treatment of esophageal cancer™!. However, hypoxia can reduce the efficacy of immunotherapy, as there is an
established link between hypoxia and an immunosuppressive tumor microenvironment!!. Hypoxia has been
shown to suppress CD4 + effector T cells while enhancing the immunosuppressive activity of regulatory T cells'2.

Radiotherapy can alter the body’s immune microenvironment, enhancing the antitumor effects of
immunotherapy. This mechanism may be related to radiation-induced tumor cell death, the release of new tumor
antigens, and the upregulation of PD-L1 expression!®. The combination of radiotherapy with anti-PD-1 antibody
therapy promotes the migration of dendritic cells (DCs) and macrophages closer to tumor cells', which could
be a potential mechanism for enhancing the antitumor immune response. Additionally, immunotherapy has
been shown to reduce HIF-1 levels'®. Patients treated with both radiotherapy and immunotherapy have shown
better prognoses than those receiving concurrent chemoradiotherapy'®. Therefore, combining immunotherapy
with radiotherapy may offer more benefits to esophageal cancer patients in high-altitude regions.

Radiation of regional lymph nodes remains controversial, particularly regarding elective nodal irradiation
(ENTI) versus involved-field irradiation (IFI). IFI refers to irradiating only the lymph nodes that are confirmed to
have metastasis, whereas ENI involves irradiating not only the metastatic lymph nodes but also high-risk lymph
nodes that have not yet shown signs of metastasis. Compared with EN I, IFI results in a smaller irradiation field.
Studies have reported no significant differences in median progression-free survival (PFS) ( 20.3 months vs. 21.4
months ) or OS ( 32.5 months vs. 34.9 months ) between the ENI and IFI groups'”. The current trend in regional
lymph node irradiation is to focus on the involved field. The size of the irradiation field influences the treatment
design and completion rate, which may subsequently affect the efficacy and prognosis. Research indicates that
patients with smaller gross target volumes (GTV) may gain more significant benefits from higher radiotherapy
doses for local lesions (34.7 months vs. 30.3 months)'8. The clinical target volume (CTV) and planning target
volume (PTV)!" can also impact patient prognosis by affecting the completion rate of concurrent chemotherapy.
The volume of radiotherapy targets has critical predictive value for treatment outcomes and prognosis, serving
as a reference for formulating individualized treatment plans.

In the era of immunotherapy, several challenges remain in developing treatment plans for esophageal
cancer patients in high-altitude regions. Factors such as immunotherapy, altitude, radiotherapy target volume,
radiotherapy dose, and induction chemotherapy all influence patient prognosis. Our team has conducted
systematic research on these issues to offer more options for clinical decision-making.

Materials and methods

The clinical data of all esophageal cancer patients who received radiotherapy at Yunnan Cancer Hospital
from January 2017 to January 2023 were retrospectively analyzed. The inclusion criteria were: a pathological
diagnosis of esophageal malignancy, AJCC version 8 stage III-IV, and radiotherapy with a total dose of >50 Gy,
administered in 25-35 fractions with a single dose of 1.8-2.0 Gy. The exclusion criteria included incomplete
radiotherapy, nonesophageal irradiation sites, preoperative or postoperative radiotherapy, the presence of other
malignancies, incomplete medical records, and loss to follow-up.

Specifically, for delineation of radiotherapy target areas, the gross target volume (GTV) includes the primary
esophageal tumor as clinically evaluated before treatment. The gross tumor volume of metastatic regional lymph
nodes (GTVnd) encompasses lymph nodes with confirmed metastasis or those where metastasis cannot be
ruled out. The clinical target volume (CTV) is defined as a 3 cm expansion in the cranial and caudal directions
from the GT'V, and a 0.5-1.0 cm three-dimensional expansion around the GTVnd. The lymphatic drainage area
can include either elective nodal irradiation or involved-field irradiation, depending on the specific delineation
performed by the physician. The planning target volume (PTV) is created by expanding the CTV by 0.5-1.0 cm
in all directions.

The volumes of the PTV, CTV, GTV, and GT Vnd can be calculated from the Monaco and Pinnacle radiotherapy
planning systems, with units measured in cm®. The New volume (New) is defined as the CTV minus the GTV
and GTVnd, representing the expanded range of the CTV. Simultaneous integrated boost (SIB) refers to the
simultaneous administration of different radiation doses to the GTV and PTV during radiotherapy, with the
GTYV receiving a higher dose than the PTV. The radiotherapy techniques used include intensity modulated
radiation therapy (IMRT) and three-dimensional conformal radiotherapy (3DCRT), with IMRT being the
predominant technique, accounting for more than 99% of the usage.

The chemotherapy regimen is formulated with reference to the Clinical Practice Guidelines for Malignant
Tumors published annually by the National Comprehensive Cancer Network (NCCN) and the Chinese Society of
Clinical Oncology (CSCO). The final drug regimen and dosage are determined by the clinician on the basis of the
patient’s specific tolerance. Induction chemotherapy refers to chemotherapy administered before radiotherapy,
whereas concurrent chemotherapy is defined as chemotherapy given from the first day of radiotherapy until the
final day of radiotherapy. Adjuvant therapy includes all treatments received after the completion of radiotherapy,
such as chemotherapy, immunotherapy, antiangiogenic targeted therapy, and other treatments, but excludes
treatments given after recurrence or disease progression.

The patients included in this analysis received chemotherapy regimens such as TP (paclitaxel + cisplatin/
carboplatin/nedaplatin/lobaplatin), PF(paclitaxel + fluorouracil), DP(docetaxel + cisplatin/nedaplatin/
lobaplatin), EP(etoposide + cisplatin/nedaplatin/lobaplatin), NP(vinorelbine + nedaplatin),
XELOX(capecitabine + oxaliplatin), FOLFOX (fluorouracil +leucovorin + oxaliplatin), and capecitabine, with TP
and PF being the most commonly used regimens. The chemotherapy drugs administered included paclitaxel,
cisplatin, carboplatin, nedaplatin, lobaplatin, docetaxel, etoposide, vinorelbine, fluorouracil, S-1, capecitabine,
and oxaliplatin. Induction chemotherapy ranged from 1 to 6 cycles, concurrent chemotherapy consisted of 1 to 2
cycles, and adjuvant chemotherapy ranged from 1 to 6 cycles. The immunotherapy agents included camrelizumab,
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tislelizumab, pembrolizumab, toripalimab, durvalumab, and sintilimab. The number of treatment cycles ranged
from 1 to 11 cycles. The antiangiogenic targeted agents used included anlotinib, nivolumab, and bevacizumab.

Overall survival (OS) was defined as the time from the completion of radiotherapy to death from any cause or
the last follow-up. Progression-free survival (PFS) was defined as the time from the completion of radiotherapy
to tumor progression or death from any cause. Short-term efficacy was assessed via an esophageal barium
swallow combined with a CT examination?*?!. The evaluation outcomes were classified into complete response
(CR), partial response (PR), and nonresponse or disease progression (NR). CR and PR were defined as effective
responses, whereas NR was defined as ineffective. The efficacy rate was calculated as (CR + PR) / total population.

X-Tile software was used to determine the cutoff value for the target volume. Data statistics and analysis were
conducted via SPSS 26.0 software. The Kaplan-Meier method was used to plot the survival curves for each group,
and the log-rank test was used to compare the median survival and survival rates between groups. Logistic
regression analysis was performed to examine the influencing factors of esophageal fistula. The Cox proportional
hazards regression model was applied for univariate and multivariate prognostic correlation analysis.

Results

Overall population

A total of 274 patients were included in the final analysis on the basis of the inclusion and exclusion criteria
(Fig. 1). The mean age was 60.7 years (+9.9), with a median body mass index (BMI) of 20.2 (range, 13.8 ~31.6).
The median altitude of the patients’ residences was 1750 m (IQR:1420-1891 m). Most of the patients were
male (266 patients, 97.1%) and were diagnosed with squamous cell carcinoma (263 patients, 96%). The median
length of the lesion was 5.6 cm ( range, 0.6~~14 cm), which was predominantly located in the mid-thoracic
segment (126 patients, 46%), with only 13 patients (4.7%) presenting with lesions in the cervical segment. All
patients, except one, had an ECOG performance status score of 0-1. The distribution of clinical stages was as
follows: 121 patients (44.2%) were in stage III, 95 patients (34.7%) were in stage IVA, and 58 patients (21.2%)
were in stage IVB. A total of 263 patients (96%) received chemotherapy, 239 patients (87.2%) received induction
chemotherapy, and 167 patients (60.9%) received concurrent chemotherapy. Additionally, 101 patients (36.9%)
received immunotherapy. The detailed baseline characteristics are shown in Table 1.

The median follow-up period for all patients was 24.5 months, and the median overall survival (OS) and
progression-free survival (PFS) were 15.0 and 11.0 months, respectively. The OS and PFS rates at 1, 2, and
3 years were 57%, 34.3%, and 27%, respectively, and 46.1%, 19%, and 12.5%, respectively. Clinical baseline
characteristics and treatment factors were included in the Cox univariate and multivariate analyses. Univariate
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Fig. 1. Flowchart of patient screening.
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Variable Number of patients (%)
Age(years)

<60 130(47.4)
>60 144(52.6)
Sex

Male 266(97.1)
Female 8(2.9)
BMI Median 20.2(range, 13.8 ~31.6)
ECOG performance status

ECOG 0 177(64.6)
ECOG1 96(35)
ECOG2 1(0.4)
Tumor location

Cervical 13(4.7)
Upper-thoracic 55(20.1)
Mid-thoracic 126(46)
Lower-thoracic 80(29.2)
Pathology type

squamous cell carcinoma 263(96)
non-squamous cell carcinoma 11(4)
The length of the lesion(cm) Median 5.6(range, 0.6 ~ 14)
Clinical stages

I 121(44.2)
IVA 95(34.7)
IVB 58(21.2)
N position

Mediastinal 216(78.8)
Supraclavicular 100(36.5)
Celiac 114(41.6)
Altitude (meters) Median 1750(IQR:1420 ~ 1891)
Radiotherapy dose

High dose (>54 Gy) 152(55.5)
Standard dose (<54 Gy) 122(44.5)
SIB

Yes 108(39.4)
No 166(60.6)
Chemotherapy

Yes 263(96)
No 11(4)
Concurrent chemotherapy

Yes 167(60.9)
No 107(39.1)
Antiangiogenic targeted therapy

Yes 15(5.5)
No 259(94.5)
Adjuvant therapy

Yes 130(47.4)
No 144(52.6)

Table 1. Patient and treatment characteristics.

Cox regression analysis demonstrated that BMI (P=0.018), lesion location (P=0.036), adjuvant therapy
(P<0.001), immunotherapy (P=0.011), and GTV (P=0.026) were significant factors influencing OS. The
analysis also revealed that immunotherapy (P=0.012) and adjuvant therapy (P=0.004) significantly affected
PES (Table 3). In the multivariate analysis, adjuvant therapy (P=0.004, HR=1.871) and GTV (P=0.015,
HR=1.005) were identified as independent predictors of OS (Table 2). Additionally, the analysis indicated that
BMI (P=0.037, HR =0.946) was an independent predictor of PFS.
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Univariate analysis Multivariate analysis
Variables HR | 95.0%CI p-value | HR | 95.0%CI p-value
Age(years)
<60 0.744 | 0.546-1.013 | 0.060
=60
BMI 0.936 | 0.887-0.989 | 0.018 0.821 | 0.652-1.036 | 0.078

ECOG performance status
ECOGO
ECOG1
ECOG2
The length of the lesion(cm) | 1.019 | 0.957-1.086 | 0.548

1.300 | 0.937-1.804 | 0.116

Tumor location

Cervical

Upper-thoracic 0.826 | 0.690-0.988 | 0.036 0.821 | 0.652-1.036 | 0.096
Mid-thoracic

Lower-thoracic

Adjuvant therapy
Yes 2.028 | 1.480-2.779 | <0.001 | 1.871 | 1.222-2.866 | 0.004
No
Clinical stages
I

0.980 | 0.801-1.199 | 0.844
IVA
IVB
M
0 0.933 | 0.635-1.385 | 0.746
1
N position
Mediastinal 1.151 | 0.794-1.668 | 0.459
Supraclavicular 0.810 | 0.591-1.110 | 0.191
Celiac 0.989 | 0.724-1.352 | 0.946

Concurrent chemotherapy

Yes 0.910 | 0.667-1.242 | 0.553

No

Immunotherapy

Yes 1.567 | 1.107-2.217 | 0.011 1.010 | 0.643-1.586 | 0.965
No

Radiotherapy dose

High dose (>54 Gy) 1.074 | 0.777-1.483 | 0.666

Standard dose (<54 Gy)

PTV (cm?) 1.001 | 1.000-1.001 | 0.141

CTV (cm?) 1.001 | 1.000-1.002 | 0.105

GTV (cm?) 1.004 | 1.001-1.008 | 0.026 1.005 | 1.001-1.010 | 0.015
GTVnd (cm?) 1.006 | 0.998-1.013 | 0.148

New (cm?3) 1.001 | 1.000-1.002 | 0.204

Table 2. The results of univariate and multivariate analysis affecting OS.

Immunotherapy
Patients were divided into two groups based on whether they received immunotherapy: the immunotherapy group
(n=101, 36.9%) and the non-immunotherapy group (n=173, 63.1%). Compared to the nonimmunotherapy
group, the immunotherapy group had significantly higher proportions of concurrent chemotherapy (P=0.015),
antiangiogenic targeted therapy (P=0.014), adjuvant therapy (P < 0.001), standard radiotherapy dose (P=0.002),
and metastasis (P=0.010). No significant differences were observed in the other baseline characteristics. The
median OS and PFS were 22.0 and 12.0 months, respectively, for the immunotherapy group, and 14.0 and 10.0
months for the nonimmunotherapy group, respectively, with statistically significant differences (P=0.010 for
both OS and PFS).

The immunotherapy group was further subdivided into a preradiotherapy group (n=47, 46.5%) and
a postradiotherapy group (n=>54, 53.5%) on the basis of the timing of immunotherapy administration. The
postradiotherapy group included patients who received immunotherapy during or after radiotherapy. No
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Univariate analysis Multivariate analysis
Variables HR | 95.0%CI p-value | HR | 95.0%CI p-value
Age(years)
<60 0.794 | 0.590-1.070 | 0.130
=60
BMI 0.950 | 0.902-1.000 | 0.051 0.946 | 0.898-0.997 | 0.037

ECOG performance status
ECOGO
ECOG1
ECOG2
The length of the lesion(cm) | 0.995 | 0.937-1.057 | 0.868

1.230 | 0.897-1.686 | 0.199

Tumor location

Cervical

Upper-thoracic 0.861 | 0.725-1.022 | 0.087 0.900 | 0.756-1.070 | 0.233
Mid-thoracic

Lower-thoracic

Adjuvant therapy
Yes 1.555 | 1.150-2.103 | 0.004 1.385 | 0.989-1.941 | 0.058
No
Clinical stages
I

0.931 | 0.763-1.135 | 0.477
IVA
IVB
M
0 0.953 | 0.657-1.384 | 0.802
1
N position
Mediastinal 1.049 | 0.729-1.509 | 0.795
Supraclavicular 0.825 | 0.607-1.120 | 0.217
Celiac 0.941 | 0.695-1.273 | 0.692

Concurrent chemotherapy

Yes 0.861 | 0.638-1.162 | 0.327
No

Immunotherapy

Yes 1.520 | 1.094-2.111 | 0.012 1.280 | 0.885-1.851 | 0.189
No

Radiotherapy dose

High dose (>54 Gy) 0.987 | 0.725-1.344 | 0.934
Standard dose (<54 Gy)

PTV (cm?) 1.000 | 0.999-1.001 | 0.617
CTV (cm?) 1.000 | 0.999-1.001 | 0.528
GTV (cm?®) 1.001 | 0.997-1.005 | 0.643
GTVnd (cm?) 1.005 | 0.998-1.012 | 0.184
New (cm?3) 1.000 | 0.999-1.002 | 0.670

Table 3. The results of univariate and multivariate analyses affecting PFS.

significant differences in baseline characteristics were observed between the two groups. Compared to the
preradiotherapy group, the postradiotherapy group demonstrated superior OS (25.7 months vs. 14.0 months,
P=0.039) and PFS (16.0 months vs. 11.0 months, P=0.079). The 1-year OS and PFS rates were 79.5% and 64.7%,
respectively, for the postradiotherapy group, and 69.1% and 44.9% for the preradiotherapy group, respectively.
The survival curves are presented in Fig. 2.

Univariate analysis revealed that age (P=0.024, HR=0.486) and the sequence of immunotherapy and
radiotherapy (P =0.044, HR =0.509) were significant factors influencing OS, whereas age (P=0.021, HR =0.494)
was a significant factor influencing PFS. Multivariate analysis indicated that age (P=0.004, HR =0.328) and the
sequence of immunotherapy and radiotherapy (P=0.007, HR=0.308) were independent predictors of OS in
patients receiving immunotherapy. Furthermore, age (P=0.032, HR=0.487), GTV (P=0.028, HR=2.062), and
the sequence of immunotherapy and radiotherapy (P=0.017, HR=0.428) were independent predictors of PFS
in these patients.
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Fig. 2. Kaplan-Meier survival analysis related to immunotherapy. (A) Overall survival (OS) curves for
patients who received immunotherapy versus those who did not. (B) Progression-free survival (PES) curves
for patients who received immunotherapy versus those who did not. (C) OS curves for patients who received
immunotherapy before versus after radiotherapy. (D) PFS curves for patients who received immunotherapy
before versus after radiotherapy.

Volume of radiotherapy target

Owing to variations in physician delineation practices and missing data, the collected volumes for PTV, CTV,
GTV, GTV-nd, and New were 228, 192,214, 149, and 191 cases, respectively. The median volumes were as follows:
PTV, 334.24 cm? (IQR: 230.76-485.46 cm?); CTV, 187.25 cm? (IQR: 114.21-286.16 cm?); GTV, 36.95 cm? (IQR:
22.80-64.32 cm?); GTVnd, 10.98 cm? (IQR: 4.26-25.86 cm?); and New, 137.13 cm? (IQR: 72.18-212.12 cm?).
Using X-Tile software, the cutoff values for PTV, CTV, GTV, GTV-nd, and New were determined to be 300 cm?,
178 cm?, 35 cm?, 10 cm?, and 117 cm?, respectively. The analysis revealed that patients with PTV <300 cm?,
CTV <178 cm?, GTV <35 cm?, GTVnd < 10 cm?, and New < 117 cm? had longer median survival times. Smaller
target volumes were associated with better patient prognoses (Table 4).

Radiotherapy dose and altitude

According to the Guidelines for the Diagnosis and Treatment of Esophageal Cancer (2022 Edition)?, the
recommended dose for definitive radiotherapy is 60 Gy, although it can be reduced to 50-54 Gy for definitive
concurrent chemoradiotherapy. In this study, a cutoff of 54 Gy was used, with doses>54 Gy classified as the
high-dose group, and doses<54 Gy as the standard-dose group. The high-dose group included 152 patients
with a mean dose of 61.0 Gy (range: 55.8-70.0 Gy), whereas the standard-dose group included 122 patients with
a mean dose of 50.7 Gy (range: 50.0-54.0 Gy). There was no significant difference in OS (14.0 months vs. 15.0
months, P=0.662) or PES (10.4 months vs. 11.4 months, P=0.932) between the two groups (Fig. 3A-B). To rule
out the effect of immunotherapy on outcomes, subgroup analyses were performed on patients who did and did
not receive immunotherapy. There were no statistically significant differences in OS (P=0.899, P=0.186) or PFS
(P=0.760, P=0.160) between the groups. The median altitude of patients’ residences was 1750 m (IQR: 1420-
1891 m). Patients were divided into a high-altitude group (>1500 m, 195 patients, 71.2%) and a low-altitude
group (<1500 m, 79 patients, 28.8%). No statistically significant differences in OS or PFS were observed between
these two groups (Supplemental Table 1).

Induction chemotherapy

Induction chemotherapy was defined as chemotherapy administered prior to radiotherapy, with 239 patients
receiving induction chemotherapy. On the basis of whether they received concurrent chemotherapy after
induction chemotherapy, 147 patients (61.5%) were classified into the concurrent chemoradiotherapy group,
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Variable ‘Median OS(month) | p-value

PTV 0.514
<300cm® | 20

>300cm?® | 14.5

CTV 0.234
<178 cm?® | 19

>178 cm’® | 14

GTV 0.002
<35cm® | 24

>35cm’ | 14

GTVnd 0.176
<10cm® |17

>10cm® | 14

New 0.272
<117cm® |20

>117cm® | 14

Table 4. Survival of the differentiated groups with different radiotherapy targets volume.

whereas 92 patients (38.5%) were in the radiotherapy-only group. The median OS and PFS for the entire induction
chemotherapy population were 15 and 11 months, respectively. There was no statistically significant difference
in median OS (15.0 months vs. 14.0 months, P=0.773) or PFS (12.0 months vs. 11.0 months, P=0.656) between
the concurrent chemoradiotherapy and radiotherapy-only groups.

Multivariate analysis revealed that age (P=0.028), adjuvant therapy (P=0.020), and short-term efficacy
(P=0.043) were independent predictors of OS, whereas adjuvant therapy (P=0.023) and short-term efficacy
(P=0.018) were independent predictors of PFS. Esophageal fistula occurred in 22 patients (9.2%) who received
induction chemotherapy. The incidence of esophageal fistula increased with increasing target volume, including
PTV (7.8% vs. 6.8%, P=0.016), CTV (7.5% vs. 5%, P=0.021), GTV (9.5% vs. 3.4%, P=0.240), and New (7.1%
vs. 5.4%, P=0.144).

Esophageal fistula

In the overall population, 24 patients (8.8%) developed esophageal fistula, and the median survival time for
patients with esophageal fistula was significantly shorter than that for those without fistula (8.4 months vs.
15.0 months, P=0.003). Logistic regression analysis was performed, incorporating relevant factors. The results
indicated that lesion location (OR=10.382, 95% CI: 0.171-0.854, P=0.019), GTV (OR=1.016, 95% CI: 1.003-
1.030, P=0.014), and SIB (OR=17.309, 95% CI: 1.725-175.653, P=0.015) were statistically significant factors
for predicting esophageal fistula. The lower the lesion location is, the lower the risk of esophageal fistula. For
every 1 cm? increase in the GTV, the risk of esophageal fistula increased by 0.01-fold. The risk of esophageal
fistula in patients receiving SIB was 16.309 times greater.

Short-term efficacy and progression

A combination of CT and barium meal was used to evaluate the short-term outcomes of 91 patients. Among
them, 1 patient achieved complete remission, 53 patients achieved partial remission, and 37 patients experienced
no remission or disease progression, resulting in an overall response rate of 59.3%. Patients who responded
positively to short-term efficacy had significantly better OS and PFS than did those who did not (median OS:
22.0 months vs. 11.0 months, P=0.004; median PFS: 14.5 months vs. 8.4 months, P=0.001).

Patients were categorized into a local progression group (41 patients, 59.4%) and a distant metastasis group
(28 patients, 40.6%). Local recurrence included the recurrence of primary esophageal lesions and regional lymph
nodes. There was no statistically significant difference in median OS (16.0 months vs. 12.7 months, P=0.567)
or PFS (13.0 months vs. 11.4 months, P=0.298) between the local recurrence group and the distant metastasis
group (Fig. 3C).

Furthermore, the prognosis of patients whose disease progressed within three months of the end of
radiotherapy was significantly worse than that of patients whose disease progressed after three months of
radiotherapy (median OS: 11.0 months vs. 16.0 months, P=0.005). The timing of disease progression was
identified as a prognostic factor (Fig. 3D).

Discussion

Immunotherapy is a known prognostic factor in patients with esophageal cancer®. In our study, patients who
received immunotherapy had better median OS (22 months vs. 12 months, P=0.010) and PFS (14 months vs.
10 months, P=0.010) than those who did not. However, the multivariate analysis did not reveal significant
differences. More data and research are needed to validate the effectiveness of immunotherapy. The sequence
of radiotherapy and immunotherapy can influence patient prognosis. A patient study®* reported that patients
treated with sintilimab within three months after radiotherapy achieved favorable median OS and PFS,
indicating that three months may be a critical time point. In our study, the postradiotherapy immunotherapy
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Fig. 3. (A) OS curves for patients receiving different radiotherapy doses. (B) PFS curves for patients receiving
different radiotherapy doses. (C) OS curve for patients with disease progression at different anatomical
locations. (D) OS curve for patients based on the timing of disease progression.

group exhibited superior OS (25.7 months vs. 14.0 months, P=0.039) and PFS (16.0 months vs. 11.0 months,
P=0.079) than did the preradiotherapy group. Nonetheless, no significant statistical differences were observed
in the multivariate analysis. Radiotherapy may improve the immune microenvironment, potentially enhancing
the antitumor efficacy of immunotherapy; however, further extensive clinical studies are needed to confirm this.

The size of the irradiation field impacts patient prognosis. An expanded irradiation area may increase the
occurrence of adverse events, which could negatively affect survival. The size of the irradiation field can be
measured by the target volume. A larger planning target volume (PTV) has been associated with an increased
incidence of grade 4 lymphopenia®®, which is correlated with poorer outcomes. A PTV greater than 521.2 cm®
has been identified as an independent risk factor for lymphopenia®. In this study, patients with larger PTV
(P=0.016) and CTV (P=0.021) had higher incidences of esophageal fistula. Smaller target volumes were
linked to better prognoses, which is consistent with previous findings. particularly in the population receiving
immunotherapy. In the immunotherapy cohort, patients with a smaller New volume had a longer median OS
(33.0 months vs. 14.0 months, P=0.134, HR=1.680). Moreover, survival outcomes in the postradiotherapy
group were better than those in the preradiotherapy group (P=0.039), potentially because there was a greater
proportion of patients with New volumes <117 cm” in the postradiotherapy group than in the preradiotherapy
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group (53.2% vs. 21.6%, P=0.004). These findings suggest that reducing the CTV could minimize radiotherapy-
induced immune system damage and improve patient prognosis. The impact of the radiotherapy target size on
prognosis is not absolute. It is essential to consider the radiotherapy dose, the effect of the irradiation range on
the body’s immune environment, and the overall intensity of the treatment regimen.

The dose of radiotherapy also affects patient prognosis. Both the INT0123 study?”” and the ARTDECO
study?® revealed that higher doses of radiotherapy did not improve local control or survival, thus recommending
50.4 Gy is recommended as the standard radiation dose. Our findings align with these studies, as increasing
the radiotherapy dose did not significantly increase patient survival. In a phase 1b study? in which where
camrelizumab was administered concurrently with chemoradiotherapy (60 Gy), 65% of patients achieved an
objective response after receiving 40 Gy of irradiation. When combined with immunotherapy and chemotherapy,
several challenges remain, such as determining the optimal radiotherapy dose and formulating individualized
radiotherapy plans.

The hypoxic environment reduces oxidative DNA damage, and in a mouse study, median tumor-free survival
increased by approximately 50%°. On the other hand, hypoxia, via the HIF-1a/A2 adenosine pathway, can
mediate immunosuppression®!. Hypoxia and HIF are also key factors contributing to treatment resistance®.
In this study, there was no significant difference in the outcomes of patients living at different altitudes, and the
residence altitude did not affect short-term efficacy. However, in terms of long-term survival, the 3-year OS rate
of patients living at high altitudes was lower than that of patients living at low altitudes(25% vs. 32.7%), This
may be due to the relatively short survival time of EC patients, so the effect of altitude on survival may not be
immediately apparent.

Furthermore, among the 91 patients whose short-term efficacy data were collected in this study, only one
patient achieved CR (1.1%), which is much lower than that reported in previous studies (12.9-24%)’. Possible
reasons for this include overly strict evaluation criteria. When assessed solely by esophageal barium radiography,
the CR rate was 14.8%. Another possible factor is the influence of the high-altitude hypoxic environment. The
hypoxic environment here refers to the altitude of the hospital during treatment rather than the altitude of
residence, and further experiments are needed to confirm this hypothesis.

A phase II clinical trial** compared the effects of definitive chemoradiotherapy (CRT) following induction
chemotherapy with those of CRT alone. The overall response rate was similar between the two groups (74.5%
vs. 61.8%, P=0.152). In this study, induction chemotherapy did not significantly increase survival (median
OS: 15 months vs. 16 months, P=0.890), which is consistent with previous findings. Induction therapy before
radiotherapy can be combined with immunotherapy, with pembrolizumab combined with chemotherapy
achieving an objective response rate as high as 87.2%%. In another ongoing multicenter, prospective clinical
study®, patients receiving immunotherapy combined with chemotherapy underwent induction therapy; those
who responded significantly to the treatment proceeded with definitive chemoradiotherapy, while those with
less favorable responses were treated surgically.

This study analyzed prognostic factors related to esophageal cancer patients in the plateau region of Yunnan
Province. However, several limitations remain. Since the research was conducted at a single medical institution,
the sample size was relatively small, and we were unable to control for all potential confounding factors, which
may have affected the statistical significance of the results and the inference of causal relationships. Additionally,
as this is a retrospective study, missing data or inconsistencies in documentation may impact the reliability of
the findings.

Conclusion

Adjuvant therapy and gross tumor volume (GTV) were identified as independent predictors of overall survival
(OS), with patients with smaller radiotherapy target volumes having better prognoses. Neither the altitude of
residence nor the radiotherapy dose had a significant effect on prognosis. In the era of immunotherapy, further
clinical trials are needed to explore individualized treatment plans for patients, considering factors such as
radiotherapy target volume, radiotherapy dose, immunotherapy, high-altitude hypoxic environments, and
chemotherapy.

Data availability
The data are available from the corresponding author on reasonable request.
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