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Abstract: This study aimed to conduct a survival analysis of thoracic esophageal squamous cell carcinoma (ESCC)
patients treated with radical chemoradiotherapy and identify prognostic variables from among the hematological
and radiation parameters. Cases of patients with ESCC receiving definitive chemoradiotherapy at Jiangsu Cancer
Hospital between January 2018 and September 2020 were screened. A Cox proportional hazards model was used
to assess the effect of hematological and radiation parameters on the overall survival (OS). The neutrophil-to-lym-
phocyte ratio (NLR) was calculated by dividing the absolute neutrophil count (ANC) by the absolute lymphocyte count
(ALC) in the week prior to radical chemoradiotherapy. Variables associated with radiation were gathered based on
dose-volume histograms (DVH). X-tile software was used to determine the optimal cutoff values for pretreatment
NLR and posttreatment ALC nadir. Associations between lymphopenia and dose-volume parameters were analyzed
using multivariate logistic regression. The study included 104 ESCC patients. The median follow-up of surviving
patients was 45.0 months (interquartile range: 40.2-52.2), with 1- and 3-year OS rates of 88.0% and 62.7%, respec-
tively. Multivariate Cox regression analysis demonstrated a significant survival benefit in patients with low baseline
NLR (< 2.2), high ALC nadir (> 0.24*10°/L), and desirable radiation parameters for the heart and thoracic verte-
brae. Increased dose-volume parameters of the heart, lungs, and thoracic vertebrae were correlated with a high
probability of radiation-induced lymphopenia (RIL) risk (P < 0.05). Baseline NLR and RIL are significantly related to
survival outcomes in ESCC patients. Optimization of radiation parameters of cardiopulmonary and thoracic verte-
brae can be effective in the prevention of RIL.
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Introduction proved the local control rate and survival rates
of inoperable locally advanced esophageal
squamous cell carcinoma (ESCC) to a certain

extent [4, 5], the prognosis of some patients is

An estimated 604,000 new cases and 544,000
fatalities of esophageal cancer (EC) had been

recorded worldwide in 2020 [1], and approxi-
mately 320,000 new cases of EC were identi-
fied in China, which made it the fourth leading
cause of cancer death in this country [2].
Squamous cell carcinoma was present in 90%
of these cases in China [3]. Although concur-
rent chemoradiotherapy has somewhat im-

still not very satisfactory. Therefore, studies
exploring the correlation between biological
indicators and tumor prognosis have attracted
extensive attention from scholars.

In recent years, the important role of immune
and inflammatory responses in the tumor
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microenvironment has been gradually discov-
ered. The systemic inflammatory response pro-
motes vascular proliferation, DNA damage, and
tumor invasion through the upregulation of
cytokines [6]. Among many inflammatory indi-
cators, studies have confirmed the significant
correlation between the neutrophil-to-lympho-
cyte ratio (NLR) and malignancy, which can pro-
vide important information for prognosis [7-9].
The absolute neutrophil count and absolute
lymphocyte count (ALC) reflect the tumor-
induced inflammatory response and the level
of antitumor immunity, respectively. Thus, the
NLR can be used to determine whether the two
variables are balanced. Radiation can suppress
host immunity by killing immune cells, particu-
larly cytotoxic T lymphocytes [10]. Radiation-
induced lymphopenia (RIL) is a common hema-
tologic toxicity because peripheral lymphocytes
are known to be the most radiosensitive cells.
The ALC nadir has been proven to be correlated
with poor survival in a wide variety of malignan-
cies, such as glioblastoma and cervical and
non-small cell lung cancers [11-13]. This study
aimed to explore the effect of peripheral hema-
tologic indicators and radiation parameters on
the overall survival (0S) of ESCC patients
receiving radical chemoradiotherapy and deter-
mine the relationship between lymphopenia
and radiation parameters.

Patients and methods
Patient selection

We retrospectively analyzed the medical re-
cords of 104 patients who underwent radical
chemoradiotherapy at Cancer Hospital affiliat-
ed of Nanjing Medical University from January
2018 to September 2020. The specific inclu-
sion criteria were: (1) 18 to 75 years of age;
(2) histologically confirmed esophageal squa-
mous cell carcinoma; (3) clinical stage Il to IVA
(American Joint Committee on Cancer, 8th edi-
tion); (4) the primary esophageal focus was lim-
ited to the thoracic segment; (5) Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status < 2; (6) completed radical in-
tensity-modulated radiotherapy radiotherapy
(IMRT) no less than 50 Gy; (7) no serious he-
matopoietic, cardiac, pulmonary, hepatic or
renal dysfunction; and adequate bone marrow
function; (8) had retrievable full blood counts
and radiation parameters (cardiac, lung and
whole body dose). Primary exclusion criteria
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included patients who underwent surgery or la-
cked complete information on complete blood
counts and dose-volume histogram (DVH) or
had an immature follow-up period.

Definitive concurrent chemoradiotherapy

Radiotherapy was conducted using a Varian lin-
ear accelerator. All 104 cases were treated
with involved-field radiotherapy (IFl) using the
IMRT technique. Target volumes were defined
in accordance with the International Commis-
sion on Radiation Units (ICRU) and Measure-
ments Report #62. The gross tumor volume
(GTV) was defined as including the primary
tumor and all metastatic lymph nodes (the
short diameter of the lymph node local in the
tracheoesophageal sulcus =5 mm, in the medi-
astinum > 1 cm, and biopsy-confirmed meta-
static lymph nodes). The clinical target volume
(CTV) included a 3-cm cephalad and caudad
margin beyond GTV (without giving prophylactic
irradiation). The planning target volume (PTV),
defined by a 1-cm margin around CTV, was
established. The field next to the spinal cord
could be slightly adjusted to avoid excessive
exposure. Dose limitations for the critical
organs were as follows: (1) the V20 (percentage
of the total lung volume receiving over 20 Gy) of
lungs was < 25%; (2) the V30 of the heart was <
40%; (3) the V30 of the liver was < 30%; and (4)
the maximum spinal cord dose was < 45 Gy.

Concurrent chemotherapy was conducted on
the first day of radiotherapy: paclitaxel (175
mg/m?3), continuous intravenous drip for 3
hours, day 1; cisplatin (25 mg/m?2), i.v.drip.,
days 1 to 3. Cycles were duplicated every 4
weeks, for 2 courses altogether.

Dosimetric analysis

Critical organs were outlined on each axial sec-
tion of the simulated CT scan. For example, for
the heart, the superior side starts at the level of
the inferior border of the pulmonary artery and
extends down through the midline to the apical
part of the heart. DVH of the organs at risk
(OARs) were subsequently generated using the
treatment planning system.

Data collection
The following clinical characteristics were ob-

tained: age, gender, tumor site, tumor length,
stage, ECOG performance status, etc. ALC and
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Table 1. Baseline characteristics

Characteristics n (%)
Age (years)

Median (range) 65 (45-76)
Sex

Male 73 (70.2%)

Female 31 (29.8%)
ECOG performance score

0-1 97 (93.3%)

2 7 (6.7%)

Clinical stage (AJCC, 8th)
Il 20 (19.2%)
I 51 (49.0%)

IVa 33 (31.7%)
Tumor length (cm)

<5 50 (48.1%)

>5 54 (51.9%)
Tumor location

Upper (< 25 cm) 53 (51.0%)

Middle (25-30 cm) 33 (31.7%)

Lower (> 30 cm) 15 (14.4%)

Multiple primary 3 (2.9%)
Prescribed RT dose (Gy)

<60 7 (6.7%)

> 60 97 (93.3%)

AJCC, American Joint Committee on Cancer.

ANC were recorded within one week before
definitive chemoradiotherapy (dCRT). The nadir
of ALC was the lowest, appearing within two
months after the dCRT started. The NLR was
calculated by dividing the ANC by the ALC. The
following radiotherapy-related variables were
assessed based on the DVH: mean heart dose
(MHD), mean lung dose (MLD), mean thoracic
vertebrae dose (MTVD), V30 of heart, V20 of
lung and V20 of thoracic vertebrae.

Statistical analysis

Categorical variables were descriptively ana-
lyzed by frequency and proportion. Median and
inter-quartile range (IQR) were used to summa-
rize continuous variables. X-tile 3.6.1 software
(Yale University, New Haven, CT, USA) was used
to determine the best critical value of pretreat-
ment NLR and ALC nadir. On this basis, the
receiver operating characteristics (ROC) curve
was used to determine the cut-off points for
radiation parameters with ALC nadir as the

4307

state variable. Survival curves were plotted
using the Kaplan-Meier method, with log-rank
tests used to compare OS in subgroups, and
hazard ratios (HR) were estimated using Cox
regression models. SPSS 26.0 was used for
data analysis.

Results

Baseline characteristics

Of the 104 thoracic ESCC patients enrolled in
our study, the majority were male (70.2%).
Table 1 lists the baseline characteristics of
the patients included in this work. The median
age of all subjects was 65 years (range: 45-76).
For the majority of patients, the tumor was in
clinical stage Il (49.0%), followed by those in
clinical stage IVa (31.7%), and only 20 subjects
had clinical stage Il tumors (19.2%). The medi-
an tumor length was 5 cm (range: 1-8), and the
tumor of 53 cases was located in the upper
thoracic segment. The overwhelming of pa-
tients (93.3%) received radiotherapy with a pre-
scribed dose of more than 60 Gy.

OS and optimal cutoff values

As of March 1, 2023, the median follow-up
for surviving patients was 45.0 months (IQR,
40.2-52.2, 95% confidence interval (Cl) [30.7-
37.0]). In the entire patient cohort, the median
OS was not reached, with the 1- and 3-year
OS rates being 88.0% and 62.7%, respectively.
The median progression-free survival (PFS)
was 39.2 months, with the 1-year and 3-year
PFS rates of 77.8% and 51.5%, respectively

(Supplementary Figure 1).

To dichotomize the hematologic indicators, we
determined the optimal cutoff values of 2.2 for
pretreatment NLR, 0.24*10°/L for ALC nadir,
and 91.3% for the maximum reduction in ALC
pre- and post-treatment using the X-tile 3.6.1
software (Yale University, New Haven, CT, USA).
The critical value of ALC nadir was subsequent-
ly used as a state variable in the ROC curve
analysis to identify the cutoff values of the rel-
evant radiation parameters (Figure 1). Conse-
quently, the predictors of avoiding an ALC nadir
below 0.24*10°%/L were as follows: heart V30 <
11.4%, MHD < 7.75 Gy, lung V20 < 19.25%,
MLD < 10.75 Gy, thoracic vertebrae V20 <
77.55%, and MTVD < 27.30 Gy.
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Figure 1. ROC curve analysis to identify the cut-off values of the relevant radiation parameters. (A) Heart V30, (B)
MHD, (C) Lung V20, (D) MLD, (E) Throcic vertebrae V20, (F) MTVD.

Predictive significance of cutoff values

Concerning Figures 2 and 3, the Kaplan-Meier
curves for OS revealed that patients in the low
baseline NLR group, high ALC nadir group,
group with a greater proportion of lymphocyte
count decline, and desirable radiation parame-
ters for cardiopulmonary and thoracic verte-
brae had longer OS. Table 2 summarizes the
analysis of the factors associated with OS.
Univariate analysis based on the Cox regres-
sion model indicated that ECOG score, tumor
length, ALC nadir, and radiation parameters of
the cardiopulmonary and thoracic vertebrae
were associated with OS. The results of the
multivariate analysis (Figure 4) showed that the
independent indicators of OS include ECOG
score (HR=0.30, 95% CI=0.10-0.85, P=0.024),
baseline NLR (HR=0.33, 95% CI=0.15-0.77,
P=0.010), degree of ALC decline (HR=0.36,
95% CI=0.15-0.89, P=0.026), heart V30 (HR=
0.06, 95% CI=0.00-0.98, P=0.048), MHD
(HR=0.04, 95% CI=0.00-0.39, P=0.007), tho-
racic vertebrae V20 (HR=0.28, 95% CI=0.09-
0.83, P=0.022), and cycles of chemotherapy
(HR=0.24, 95% CI=0.09-0.62, P=0.003).
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Multiple logistic regression analysis of lympho-
penia

The prevalence of grades 1-2, 3, and 4 lympho-
penia reached 9%, 45%, and 46%, respectively,
in the whole patient cohort. To further attain
more insights into the effect of relevant radia-
tion parameters on lymphopenia, a multiple
logistic regression analysis was performed. The
results are presented in Table 3, which shows
that where increased cardiopulmonary and tho-
racic vertebrae exposure doses are risk factors
for the development of lymphopenia (given the
proven multilinear relationship between the rel-
evant independent variables, all radiation pa-
rameters were excluded in the analysis to avoid
the role of interfering factors).

Correlation of lymphopenia with acute radia-
tion side effects

In this study, the incidences of grade 2 and
above radiation skin reaction, radiation esoph-
agitis, and radiation pneumonia in patients dur-
ing radiotherapy were 5.8%, 49.0%, and 25.0%,
respectively. Based on the results of the ROC
analysis, the cutoff of RIL was somewhat pre-
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dictive of grade 2 and above radiation pneumo-
nitis, but the overall predictive value was faint
(Supplementary Figure 2).

Discussion

With the development of radiotherapy technol-
ogy and the continuous optimization of chemo-
therapy regimens, dCRT has become essential
in inoperable locally advanced ESCC. However,
some patients still require further improvement
in their prognosis. This study investigated the
impact of peripheral blood indicators during
radiotherapy, including baseline NLR, ALC na-
dir, and degree of lymphopenia, on the OS of
ESCC patients. We also examined the correla-
tion between RIL and radiation parameters to
provide a reference to better optimize radio-
therapy planning to mitigate radiation-induced
immunosuppression in the future.

Systemic inflammatory responses play an
important role in tumorigenesis, progression,
and metastasis [6]. NLR, a marker of the sys-
temic inflammatory response, is straightfor-
ward, easy to obtain, and valuable in determin-
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(B) ALC Nadir, (C) ALC decline percentage.

ing the treatment outcomes and predicting
the prognosis of cancer patients. Patients in
this retrospective study with lower NLR status
had a more significant survival benefit com-
pared to those with high baseline NLR values.
Furthermore, it was established by the multi-
variate Cox regression analysis that baseline
NLR is one of the independent prognostic fac-
tors for patients with ESCC.

A recent study on radiotherapy for esophageal
cancer reported the presence of lymphopenia
in 15.4% of patients before radiotherapy [14].
The value was 7.7% in our study, and thus,
patients with concomitant lymphopenia before
treatment had a significantly worse survival
than those without lymphopenia (P=0.070).
The reasons for the malignant tumors accom-
panying lymphopenia before antitumor therapy
are currently ambiguous and may be related to
either the direct induction of T lymphocyte
apoptosis by malignancy via the FAS/FASL
pathway or the increased levels of infiltrating
lymphocytes from the peripheral blood circula-
tion into the malignant tissues due to a collec-
tive immune response caused by cancer pro-
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Figure 3. Kaplan-Meier curves of overall survival for subgroup populations (radiation parameters). (A) Heart V30, (B)
MHD, (C) Lung V20, (D) MLD, (E) Throcic vertebrae V20, (F) MTVD.

gression, which results in peripheral lymphope-
nia. Notably, the nutritional status of the organ-
ism itself should not be ignored.

Lymphocytes are the most radiosensitive he-
matopoietic cells, and they are typically deplet-
ed by radiation at a 50% lethal dose of 1 Gy to
2 Gy [15]. Treatment-related hemocytopenia
and immunosuppression in thoracic malignan-
cies usually predict a poor survival outcome.
Our findings also revealed that patients with a
low ALC nadir and heavy lymphopenia during
radiotherapy are generally accompanied by an
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unsatisfactory prognosis. Furthermore, with
the development of immunotherapy, radiation-
induced hematological toxicity may have a
more profound influence. Although most previ-
ous studies on radiation-related hematological
toxicity focused on myelosuppression, radio-
therapy can produce complex and long-lasting
changes to the systemic immune system. For
instance, the activity of lymphocytes in pa-
tients with Hodgkin’s lymphoma continues to
be affected even though their counts recover to
normals after radiotherapy [16, 17]. In addition
to immunosuppressive effects, immunostimu-
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Table 2. Univariate Cox regression analysis of factors associated with OS

Baseline characteristics x2 value P value HR (95% ClI)
Age, years (< 65 vs. > 65) 0.818 0.366 0.730 (0.369-1.445)
Sex (male vs. female) 0.179 0.672 1.180 (0.548-2.538)
ECOG score (0-1 vs. 2) 10.465 0.001 0.229 (0.094-0.559)
Tumor site (middle vs. non-middle) 1.889 0.169 1.623 (0.813-3.240)
Clinical stage (Il vs. lll-IVa) 1.642 0.200 0.504 (0.177-1.437)
Tumor length, cm (< 5 vs. > 5) 6.858 0.009 0.358 (0.166-0.772)
Baseline NLR (£ 2.2 vs. > 2.2) 3.189 0.074 0.529 (0.263-1.064)
ALC nadir, *10%/L (£ 0.24 vs. > 0.24) 5.935 0.015 2.692 (1.214-5.970)
ALC decline percentage (< 91.3 vs. > 91.3) 2.767 0.091 0.531 (0.252-1.119)
Heart V30, % (< 11.4 vs. > 11.4) 4.610 0.032 0.417 (0.188-0.927)
MHD, Gy (< 7.75 vs. > 7.75) 5.281 0.022 0.375 (0.163-0.866)
Lung V20, % (< 19.25 vs. > 19.25) 5.116 0.024 0.381 (0.165-0.879)
MLD, Gy (< 10.75 vs. > 10.75) 6.715 0.010 0.362 (0.168-0.781)
Thoracic vertebrae V20, % (< 77.55 vs. > 77.55) 7.097 0.008 0.373(0.181-0.771)
MTVD, Gy (< 27.30 vs. > 27.30) 4.833 0.028 0.464 (0.234-0.920)
Chemotherapy cycles (1-2 vs. 3-4) 3.001 0.083 2.098 (0.907-4.854)
HR(95% CI) P value

ECOG score(0~1 vs 2) — 0.30(0.10-0.85) 0.024
Tumor length(<<5cm vs = 5Scm) —_—— 0.50(0.17-1.21) 0.115
NLR(<2.2 vs >2.2) i 0.33(0.15-0.77) 0.010

ALC nadir, 10°9/L(>>0.24 vs <0.24) —e 0.52(0.21-1.31) 0.166
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Figure 4. Multivariate Cox regression analysis of OS-related factors.

Table 3. Multivariate logistic regression of the
risk factors related to lymphopenia

Multiple Regression

Variables

RR (95% Cl) P
MHD 2.321 (1.163-4.629) 0.017
Lung V20 2.266 (1.130-4.545) 0.021
MTVD 2.722 (1.378-5.378) 0.004

latory roles have also been documented for
radiotherapy. Radiotherapy exerts a strong and
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substantial antitumor effects by boosting the
immunogenicity of cancer cells [18]. Further-
more, the radiation-induced modulation of the
tumor microenvironment can promote the re-
cruitment of immune cells to the tumor and
enhance the tumor cell detection and eradica-
tion by immune cells [19]. Preclinical studies
have demonstrated that programmed death-
ligand 1 expression is upregulated in the tumor
microenvironment after radiotherapy [20, 21].
Therefore, with the increased development of
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immunotherapy, eliminating the immunosup-
pressive effects of radiotherapy is essential
to achieving the optimal combined antitumor
effect [22].

Thoracic malignancies that are encompassed
in the radiation portal, such as esophageal,
lung, and left-sided breast cancers, frequently
receive radiation close to the heart. Previous
studies have highlighted the detrimental con-
sequences of lung or heart radiation dose-vol-
ume in lung cancer radiotherapy [23]. Given
that thoracic vertebrae radiation dose is also a
potential driver of bone marrow suppression,
this study attempted to explore the correlation
between the occurrence of lymphopenia during
radiotherapy and cardiopulmonary and thorac-
ic vertebrae parameters. According to with our
research findings, the high radiation parame-
ters of the cardiopulmonary and thoracic verte-
brae will result in severe lymphopenia. Thus,
the prevention of severe RIL by continuous opti-
mization of the radiotherapy plan may be one of
the future directions to improving the prognosis
of ESCC. A randomized phase Il clinical trial
(RTOG 0617) also revealed the potential of
radiation to act as a risk factor for reducing
immune function [24].

The range of radiotherapy targets for EC, includ-
ing cervical, mediastinal, and upper abdominal
lymph nodes, is broad and may contain multi-
ple OARs. In clinical practice, the radiation tar-
get volume for oesophageal cancer, particularly
whether in elective nodal irradiation (ENI) or
involved field irradiation (IFl), is still the subject
of ongoing debate. However, previous studies
have confirmed that ENI did not alter the fai-
lure patterns and survival outcomes of locally
advanced esophageal cancer patients treated
with radical radiotherapy [25-28]. IFl has a
smaller radiation target volume than ENI, and
in our retrospective study that included all
patients with IFI, the incidence of grade 4 lym-
phocytopenia was 46%, which is lower than
that in previous research on concurrent radio-
therapy [23]. All things considered, IFI may be a
better option for reducing the incidence of RIL
than ENI.

The study encountered several limitations.
First, as a single-center retrospective research,
selection bias was observed. Second, given
that the included patients all received dCRT,
exploring whether the presence or absence of
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concurrent chemotherapy during radiotherapy
had a significant effect on the incidence of RIL
in patients was impossible. Finally, as a result
of sample size limitations, we did not include
additional radiation parameters for analysis.
Other than that, in our study, the dosimetric
parameters of the lungs reflected the statisti-
cally significant differences in the univariate
analysis only, but not in the multivariate Cox
regression. We believe that this finding can be
attributed to: (1) when the variables of the
heart and lungs were simultaneously entered
into the Cox regression, an interaction occurred
between them, which interfered with the out-
come; and/or (2) the relative contribution of
radiation received by the lungs to the outcome
was likely to be relatively small compared with
that of the lung in ESCC patients receiving radi-
cal radiotherapy.

Conclusion

Our study showed that baseline NLR and RIL
are significantly associated with survival out-
comes in ESCC patients. The ALC nadir during
radiotherapy can be predicted using the radia-
tion parameters of the cardiopulmonary and
thoracic vertebrae, and safeguarding the im-
mune system by continuously improving the
radiotherapy plans may be a significant future
path to enhancing the prognosis of the EC
population.
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Supplementary Figure 1. Kaplan-Meier curves of survival for the entire study cohort (A) overall survival, (B) progres-
sion-free survival.
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Supplementary Figure 2. ROC curve analysis of the ability of RIL cutoff to predict grade 2 and above radiation
pneumonitis.



