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ABSTRACT

Background. Lymphopenia occurs commonly in esophageal
squamous cell carcinoma (ESCC) and may influence treat-
ment outcomes. We aimed to examine its association with
treatment response and tumor progression in patients with
locally advanced ESCC treated with concurrent chemoradio-
therapy (CCRT).
Materials and Methods. A total of 286 patients with stage
II–IVa ESCC treated with CCRT between 2015 and 2017
were analyzed. Total lymphocyte counts were assessed at
baseline, weekly, and 4 weeks after CCRT. Pretreatment
lymphopenia was defined as total lymphocyte count <1,000
cells per mm3 at diagnosis, and treatment-related lympho-
penia was defined as total lymphocyte count <200 cells
per mm3 with 6 weeks after starting CCRT. Univariate and
multivariate logistic regression methods were used to ana-
lyze factors associated treatment-related lymphopenia and
treatment response.

Results. Lymphopenia was observed in 44 patients (15.4%) at
initial diagnosis. Pretreatment lymphopenia was significantly
associated with greater tumor length, worse T status, body
mass index ≤18.5 kg/m2, and weight loss ≥3 kg in the previous
3 months. Six weeks after starting CCRT, 89 patients (31%)
developed treatment-related lymphopenia. Tumor progression
and cancer-related death were more frequently observed
in treatment-related lymphopenia group than those without
(76.4% vs. 52.8% and 58.4% vs. 39.6%). A complete response
(CR) was achieved in 62 patients (21.7%). In multivariate analy-
sis, treatment-related lymphopenia was significantly associated
with lack of clinical CR, and older age, lower tumor location,
greater tumor length, and larger planning target volume were
independent predictors of treatment-related lymphopenia.
Conclusion. Treatment-related lymphopenia during CCRT is
an independent predictor for poor treatment response in
ESCC. The Oncologist 2019;24:e677–e686

Implications for Practice: A total of 286 patients with locally advanced esophageal squamous cell carcinoma were treated
with concurrent chemoradiotherapy (CCRT), and treatment-related lymphopenia occurred in 31% of patients within 6 weeks
from the start of CCRT. Treatment-related lymphopenia was significantly associated with lack of treatment response, and
older age, lower tumor location, greater tumor length, and larger planning target volume were independent predictors of
treatment-related lymphopenia. Lymphocyte count is an inexpensive biomarker that may be easily used by clinicians to
identify patients who are most likely to benefit from CCRT.

INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) is the fifth most
common causes of cancer in China, with an annual mortality
of nearly 100 per 100,000 [1]. The prognosis of this malig-
nancy is extremely poor because of the high incidence of
lymph node metastasis, with a 5-year survival rate of only
25% [2, 3]. Because approximately 50% of patients with ESCC
are detected at locally advanced stages, management of

these patients remains challenging [4]. On the basis of Radia-
tion Therapy Oncology Group 85-01 trial results, concurrent
chemoradiotherapy (CCRT) has been commonly recommended
to patients with locally advanced cancer [5]. However, a
greater number of clinical trials have definitely confirmed
that preoperative CCRT benefits only 23%–49% of patients
who get pathologic complete response (CR), and nearly half
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of these patients do not achieve a good response to treat-
ment [6, 7]. Therefore, predictive biomarkers for tumor
response to CCRT are needed to guide clinical practice and
trial design.

The immune system plays a vital role in the prevention of
cancer development and progression [8]. Of all the immune
cells in the circulation, lymphocytes comprise approximate
30% of all human white blood cell population and are essen-
tial effector cells in the mediating cellular immunity against
tumor cells [9]. Several previous studies have demonstrated
that lower pretreatment lymphocyte counts are correlated
with poor survival in multiple cancer types such as breast
cancer, small cell lung cancer, pancreatic ductal adenocarci-
noma, and cervical cancer [10–13]. Lymphopenia is frequently
observed following the administration of antineoplastic thera-
pies for various kinds of cancer and has significant clinical
consequences. For example, a recent study of patients with
squamous cell head and neck cancer found that this patient
population had normal total lymphocyte counts at baseline,
but 2 months after beginning chemoradiation, 61% of patients
developed severe treatment-related lymphopenia, and patients
with total lymphocyte counts <500 cells per mm3 had early
tumor recurrence [14]. Treatment-related lymphopenia was
also observed in patients with cervical cancer who received
chemoradiation. Up to 53% patients developed severe post-
treatment lymphopenia, and multivariate analysis demon-
strated that post-treatment lymphopenia had a 58% decrease
of hazards of death [15].

However, the clinical and predictive value of lymphopenia
in patients with ESCC remains largely unknown. This retrospec-
tive study was therefore performed to investigate whether
lymphopenia is associated with response and tumor progres-
sion in patients with locally advanced ESCC who received CCRT.

SUBJECTS, MATERIALS, AND METHODS

Patient Section
This retrospective analysis was reviewed and approved by the
institutional review board of Huai’an First Hospital. Patients
with locally advanced ESCC treated with CCRT between
January 2015 and December 2017 were identified. Inclusion
criteria included the following: (a) biopsy-confirmed ESCC,
(b) clinically staged II–IVa according to the American Joint
Committee on Cancer 6th edition of tumor-node-metastasis
(TNM) classification for esophageal carcinoma, (c) measurable
disease at baseline, (d) no prior therapy, (e) Eastern Coopera-
tive Oncology Group performance status (ECOG PS) 0–2, and
(f) at least four documented weekly absolute lymphocyte
counts during CCRT. Reporting Recommendations for Tumor
Marker Prognostic Studies (REMARK) criteria were followed
when possible for the design and analysis of the study.

Treatments and Assessments
All patients received three-dimensional conformal radiother-
apy (3D-CRT) or intensity modulated radiotherapy (IMRT).
A dose of 50–60 Gy (1.8–2.0 Gy per fraction, 5 days a week)
started on the first day of chemotherapy. The gross tumor
volume (GTV) was defined as any visible primary tumor on
the computed tomography (CT) or esophageal barium image

and clinical involved lymph node. The clinical target volume
(CTV) included the GTV with 3-cm craniocaudal margin, the
metastatic lymph nodes, and regional lymph nodes. For
upper thoracic tumor, the regional lymph nodes included
bilateral supraclavicular and lymph node stations (LNS) 1R,
1L, 2R, 2L, 4R, 4L, 5, and 7; the regional lymph nodes for the
middle thoracic tumor included LNS 1R, 1L, 2R, 2L, 4R, 4L,
5, 7, and 8; and the regional lymph nodes for the lower tho-
racic tumor included LNS 4R, 4L, 5, 7, 8 and left gastric lymph
nodes (according to the 2014 International Association for
the Study of Lung Cancer lymph node map [16]). The plan-
ning target volume (PTV) was defined as the CTV plus a
0.5–1-cm margin. Two kinds of chemotherapy regimens were
used in the study: (a) concurrent chemotherapy consisted of
cisplatin (25 mg/m2 on day 1) and docetaxel (25 mg/m2 on
day 1) weekly for 5 weeks. Three or four weeks after comple-
tion of CCRT, two additional cycles of consolidation chemo-
therapy (docetaxel 75mg/m2 on day 1 and cisplatin 25mg/m2

on days 1–3) were performed at 3- or 4-weeks intervals.
(b) Patients were administered oral S-1 (70 mg/m2, twice per
day) alone on days 1–14 and days 29–42.

Tumor response to treatment was evaluated by eso-
phagography and chest CT scan 4 weeks after completion of
CCRT as described previously [17]. The treatment response
was assigned to one of two categories: CR or less than CR.

Treatment-related toxicity was assessed according to
the National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI CTCAE) version 4.0.

Data Collection and Definitions
Variables including demographic, clinicopathologic, and treat-
ment characteristics were obtained from electronic medical
record system. Study variables collected at baseline include
age, gender, body mass index (BMI), ECOG PS, history of
tobacco exposure, tumor differentiation, clinical stage, grade,
tumor location, complete blood count (including hemoglobin
concentration and absolute lymphocyte counts), and serum
albumin. Treatment-related variables such as radiation dose,
fractionation, PTV, mean lung dose (MLD), mean heart dose,
and concurrent chemotherapy type were recorded. Absolute
lymphocyte count was obtained at baseline, during (weekly),
and 4 weeks after CCRT.

Pretreatment lymphopenia was defined as total lympho-
cyte count <1,000 cells per mm3 base on commonly accepted
reference value [18]. The total lymphocyte count <200 cells
per mm3 (grade IV, CTCAE 4.0) during CCRT weeks 1–6 was
defined as treatment-related lymphopenia in accordance with
previous study [19]. Nutritional status was estimated by three
parameters used in most screening tools; BMI, recent weight
loss, and serum albumin. BMI was calculated as weight in
kilograms divided by the square of height in meters. Under-
weight was defined as BMI less than 18.5 kg/m2, according
to the World Health Organization recommendations for Asian
populations. Recent weight loss was defined as weight loss
≥3 kg in the previous 3 months. Hypoalbuminemia was
defined as serum albumin level less than 35 g/L.

Statistical Analysis
Data normality was assessed using Kolmogorov-Smirnov tests.
Patient and clinicopathologic characteristics were summarized
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by using descriptive statistics. Chi-square tests (or Fisher’s
exact test) were used for proportional comparison. Univari-
ate and multivariate logistic regression methods were used
to analyze factors associated with treatment response and
treatment-related lymphopenia. Factors with p values <.1 on
univariate analyses were entered as covariates in multivariate
regression models. All statistical analyses were performed
using SPSS Statistics version 20.0 (IBM, Armonk NY). A two-
side p value <.05 was considered statistically significant.

RESULTS

Patient and Treatment Characteristics
A total of 286 patients met the inclusion criteria and were
finally included in this study. Patient and treatment character-
istics are summarized in Table 1. All patients had histologically
confirmed squamous cell carcinoma. Seventy-four percent
were male, and the median age at diagnosis was 67 years
(range, 47–84). Most tumors (61.9%) originated from the
middle thoracic esophagus. Fifty-three percent of primary
tumors were longer than 5 cm, with a median length of
5.6 cm (range, 2–11.5). Sixty-five patients (22.7%) had
stage II disease, 197 (68.9%) had stage III disease, and 24 (8.4%)
had stage IVa disease. Regarding treatment details, 76.6%
were treated with IMRT, and the rest were treated with
3D-CRT. The median total radiation dose and fraction size
were 50.4 Gy and 1.8 Gy per fraction, respectively. Radiation
therapy (RT) was completed to at least of 50 Gy or more in
263 patients (92%), 10 patients (3.6%) were given 40–50 Gy,
and 13 cases (4.4%) received less than 40 Gy because of
treatment-related toxicity. As for chemotherapy, the majority
(72.3%) of patients received concurrent chemotherapy with
cisplatin and docetaxel.

Association of Pretreatment Lymphopenia with
Baseline Variables
Prior to initiating treatment, 44 patients (15.4%) had lympho-
penia. Patient and tumor characteristics separated by pre-
treatment lymphocyte count are shown in Table 1. Of the
clinicopathological features analyzed, BMI ≤18.5 kg/m2 (27.3%
vs. 9.1%, p = .002) and weight loss ≥3 kg in the previous
3 months (38.6% vs. 16.1%, p = .001) were more frequently
observed in patients with pretreatment lymphopenia com-
pared with those with lymphocyte count ≥1,000 cells per mm3.
Additionally, tumor length was also significantly greater in the
pretreatment lymphopenia group than in the normal lympho-
cyte count group (p = .033). Regarding clinical stage, the inci-
dence of invasion to adjacent organs was significant higher
in the pretreatment lymphopenia group than in the normal
lymphocyte count group (p = .009). Otherwise, there were
no significant differences between the two groups includ-
ing age, sex, smoking history, lymph node metastasis, tumor
location, and tumor differentiation (p > .05, Table 1).

Treatment-Related Lymphopenia
Lymphocyte count results recorded each week of CCRT are
listed in Figure 1. The median pretreatment absolute lympho-
cyte count was 1,425 cells per mm3 (range, 560–3,830) and

declined to 1,150, 710, 485, 380, 360, and 340 cells per mm3

from weeks 1–6, respectively. Then, the total lymphocyte
count (median, 715 cells per mm3; range, 175–1,600) slowly
increased 4 weeks after completion of treatment. During
CCRT, a total of 89 patients (31%) had treatment-related
lymphopenia. Among them, 1 patient was first noted during
the first week, 14 in the second week, 18 in the third week,
32 in the fourth week, 21 in the fifth week, and 3 in the sixth
week. The incidence of treatment-related lymphopenia in
patients receiving RT with cisplatin and docetaxel was not
significantly different from those receiving RT with S1 (30%
vs. 34.2%, p = .568). Table 2 shows the univariate logistic
regression analysis of potential factors associated with
treatment-related lymphopenia. Older age (p = .008), lower
tumor location (p = .005), greater tumor length (p = .014),
larger PTV volume (p < .001), and higher MLD (p < .001) were
significantly associated with treatment-related lymphopenia.
The final multivariate analysis indicated that older age (odds
ratio [OR], 2.500; 95% confidence interval [CI], 1.337–4.673;
p = .005), lower tumor location (OR, 2.430; 95% CI, 1.043–
5.663; p = .04), greater tumor length (OR, 1.832; 95% CI,
1.022–3.284; p = .042), and larger PTV (OR, 1.007; 95% CI,
1.005–1.009; p < .001) were independent predictors for
treatment-related lymphopenia (Table 2).

Association of Clinicopathologic Features,
Lymphopenia, and CCRT Response
After CCRT, CR, partial response, no change, and progressive
disease were achieved in 62 patients (21.7%), 136 patients
(47.6%), 84 patients (29.3%), and 4 patients (1.4%), respec-
tively. As shown in Table 3, the CR rate was significantly lower
in patients with pretreatment lymphopenia than in those
with pretreatment lymphocyte count ≥1,000 cells per mm3

(9.1% vs. 24%, p = .028). Furthermore, the CR rate in patients
with treatment-related lymphopenia was significantly differ-
ent from that in patients with lymphocyte count ≥200 cells
per mm3 (11.2% vs. 26.4%, p = .003). In univariate analysis,
tumor length ≥5 cm (p = .047), pretreatment (p = .035), and
treatment-related lymphopenia (p = .005) were significant
predictors of tumor response to treatment. In multivariate
analysis, treatment-related lymphopenia was the only inde-
pendent variable significantly associated with lack of clinical
CR (OR, 2.225; 95% CI, 1.024–4.838; p = .043, Table 4).

Lymphocyte Counts and Tumor Progression
As of July 2018, 172 of the 286 patients had tumor progres-
sion (109 with local recurrence, 47 with distant metastasis,
and 16 with both local recurrence and distant metastasis),
and deaths resulting from ESCC were identified in 130
patients (Table 5). Tumor progression and cancer-related
deaths were more frequently observed in the treatment-
related lymphopenia group than those in the post-treatment
lymphocyte count ≥200 cells per mm3 group (76.4% vs.
52.8%, p < .001 and 58.4% vs. 39.6%, p = .003, respec-
tively). However, there were no significant differences in
the incidence of tumor progression and cancer-related
death among patients with or without pretreatment lym-
phopenia (65.9% vs. 59.1%, p = .503; and 52.3% vs. 44.2%,
p = .329, respectively).
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Table 1. Patient and treatment characteristics

Characteristic
Total
(n = 286), n (%)

Pretreatment lymphocyte count

p value
<1,000 cells/mm3

(n = 44), n (%)
≥1,000 cells/mm3

(n = 242), n (%)

Age, yr .401

≤60 54 (18.9) 5 (11.4) 49 (20.2)

60–70 153 (53.5) 25 (56.8) 128 (52.9)

≥70 79 (27.6) 14 (31.8) 65 (26.9)

Sex .710

Female 75 (26.2) 13 (29.5) 62 (25.4)

Male 211 (73.8) 31 (70.5) 180 (74.4)

ECOG PS .452

0 39 (13.6) 6 (13.6) 33 (13.6)

1 222 (77.6) 32 (72.7) 190 (18.5)

2 25 (8.7) 6 (13.6) 19 (7.9)

Current smoker .316

No 176 (61.5) 24 (54.5) 152 (62.8)

Yes 110 (38.5) 20 (45.5) 90 (37.2)

Primary tumor location .715

Upper third 75 (26.2) 11 (25) 64 (26.4)

Middle third 177 (61.9) 26 (59.1) 151 (62.4)

Lower third 34 (11.9) 7 (15.9) 27 (11.2)

Tumor length, cm .033

≤5 134 (46.9) 14 (31.8) 120 (49.6)

>5 152 (53.1) 30 (68.2) 122 (50.4)

Histological grade .907

Well differentiated 42 (14.7) 7 (15.9) 35 (14.5)

Moderately differentiated 196 (68.5) 29 (65.9) 167 (69)

Poorly differentiated 48 (16.8) 8 (18.2) 40 (16.5)

Tumor depth .009

No invasion to adjacent organs 210 (73.4) 25 (56.8) 185 (76.4)

Invasion to adjacent organs 76 (26.6) 19 (43.2) 57 (23.6)

Lymph node metastasis .266

Negative 72 (25.2) 8 (18.2) 64 (26.4)

Positive 214 (74.8) 36 (81.8) 178 (73.6)

Clinical stage, 6th ed. .102

II 65 (22.7) 7 (15.9) 58 (24)

III 197 (68.9) 30 (68.2) 167 (69)

IVa 24 (8.4) 7 (15.9) 17 (7)

BMI (kg/m2) .002

>18.5 252 (88.1) 32 (72.7) 220 (90.9)

≤18.5 34 (11.9) 12 (27.3) 22 (9.1)

Baseline albumin, g/L .148

≥35 260 (90.9) 37 (84.1) 223 (92.1)

<35 26 (9.1) 7 (15.9) 19 (7.9)

Hemoglobin value at baseline, g/L .123

≥100 264 (92.3) 38 (86.4) 226 (93.4)

<100 22 (7.7) 6 (13.6) 16 (6.6)

Weight loss in 3 mo, kg .001

<3 230 (80.4) 27 (61.4) 203 (83.9)

≥3 56 (19.6) 17 (38.6) 39 (16.1)

(continued)
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DISCUSSION

In the present study, we reviewed the clinical significance of
lymphopenia in patients with locally advanced ESCC treated
with CCRT. Our findings showed that the pretreatment
lymphopenia was associated with malnutrition and aggres-
sive clinicopathological feathers of patients with ESCC. Fur-
thermore, our study demonstrated that CCRT for ESCC can
dramatically reduce lymphocyte count during treatment, with
approximately 31% patients developing severe lymphopenia
during CCRT weeks 1–6. This study also confirmed that
treatment-related lymphopenia was significantly associated

with CCRT response, and older age, greater tumor length,
lower tumor location, and larger PTV were independent pre-
dictors for treatment-related lymphopenia.

Recent studies have demonstrated that lymphocytes can
specifically identify and kill tumor cells or release a serial
of cytokines to activate host immune system [20]. A lower
peripheral lymphocyte count may indicate a poor and insuffi-
cient lymphocyte-medicated immune response to tumor pro-
gression. Patients with cancer frequently show decreased
total lymphocyte counts at diagnosis. In the present study,
we found that 15.4% of patients had lymphopenia at initial

Table 1. (continued)

Treatment data
Total
(n = 286), n (%)

Concurrent chemotherapy

Cisplatin + docetaxel 207 (72.4)

S-1 79 (27.6)

Consolidation chemotherapy

No 91 (31.8)

Yes 195 (68.2)

Radiation technique

3D-CRT 67 (23.4)

IMRT 219 (76.6)

Radiation dose, Gy

≤50 94 (32.9)

50–50.4 65 (22.7)

>50.4 127 (44.4)

PTVa, cm3 499.9 (147.0–1,116.4)

MLDa, Gy 11.7 (3.9–18.41)

MHDa, Gy 8.0 (0–35.1)
aContinuous variables are expressed as median (range).
Abbreviations: 3D-CRT, three-dimensional conformal radiotherapy; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology
Group performance status; IMRT, intensity modulated radiotherapy; MHD, mean heart dose; MLD, mean lung dose; PTV, planning
target volume.

Figure 1. Total lymphocyte count prior to treatment and during each week of concurrent chemoradiotherapy. Horizontal lines inside
the box plots represent the median, boxes represent the interquartile range, and whiskers represent 2.5th and 97.5th percentiles.
Abbreviation: CCRT, concurrent chemoradiotherapy.
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Table 2. Univariate and multivariate logistic regression analysis of factors associated with treatment-related lymphopenia

Variable

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI p value

Age, yr

<70 1.00

≥70 2.088 (1.215–3.859) .008 2.500 (1.337–4.673) .004

Sex

Female 1.00

Male 1.223 (0.684–2.186) .497

ECOG PS

0 1.00

1 1.535 (0.692–3.406) .292

2 2.222 (0.745–6.631) .152

Current smoker

No 1.00

Yes 1.129 (0.676–1.884) .642

Primary tumor location

Upper + middle 1.00

Lower 2.868 (1.386–5.935) .005 2.430 (1.043–5.663) .040

Tumor length, cm

≤5 1.00

>5 1.912 (1.142–3.202) .014 1.832 (1.022–3.284) .042

Histological grade

Well differentiated 1.00

Moderately differentiated 1.057 (0.515–2.170) .881

Poorly differentiated 0.829 (0.333–2.064) .686

Clinical stage, 6th ed.

II 1.00

III 1.228 (0.660–2.283) .517

IVa 1.306 (0.477–3.576) .604

BMI, kg/m2

>18.5 1.00

≤18.5 0.912 (0.417–1.999) .819

Baseline albumin, g/L

≥35 1.00

<35 1.191 (0.509–2.786) .687

Hemoglobin value at baseline, g/L

≥100 1.00

<100 1.291 (0.521–3.198) .581

Weight loss in 3 mo, kg

<3 1.00

≥3 1.574 (0.858–2.889) .143

Concurrent chemotherapy

S-1 1.00

Cisplatin + docetaxel 0.823 (0.474–1.430) .490

Radiation dose, Gy

≤50 1.00

>50 1.019 (0.598–1.737) .945

Radiation technique

3D-CRT 1.00

IMRT 0.825 (0.462–1.475) .517

PTV: continuous 1.007 (1.005–1.009) <.001 1.007 (1.005–1.009) <.001

MLD: continuous 1.002 (1.001–1.009) <.001 1.000 (0.998–1.001) .691

MHD: continuous 1.000 (1.000–1.000) .22

Abbreviations: 3D-CRT, three-dimensional conformal radiotherapy; BMI, body mass index; CI, confidence interval; ECOG PS, Eastern Cooperative
Oncology Group performance status; IMRT, intensity modulated radiotherapy; MHD, mean heart dose; MLD, mean lung dose; OR, odd ratio;
PTV, planning target volume.
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diagnosis, and patients with pretreatment lymphopenia had
greater tumor length and advanced T status. This indicates
that the disease itself is correlated with marked immunosup-
pression. The high incidence of pretreatment lymphopenia
and its association with disease status have been reported in
several previous studies. In patients with metastatic breast
carcinoma (MBC), advanced soft-tissue sarcoma, and non-
Hodgkin’s lymphomas, the incidence of lymphopenia (<1,000
cells per mm3) before treatment was 25%, 24%, and 27%,
respectively. And in patients with MBC, baseline lymphopenia
was associated with bone metastasis and more than one
metastatic site [21]. Fogar et al. reported that patients with
locally advanced or metastatic pancreatic cancer have lower
lymphocyte counts than patients with resectable tumors [22].
In addition, our results demonstrated that pretreatment lym-
phopenia was associated with worse nutritional status. These
findings indicated that malnutrition and immune suppres-
sion have become common problems in patients with locally
advanced ESCC.

The RT-related lymphopenia was first investigated in 1916
and can occur after irradiation in a variety of different cancers
including ESCC [23, 24]. Lymphocytes are the most radiosensi-
tive cells with a dose required to kill 50% lymphocytes (D50)
of as low as 1 Gy, and the D90 is nearly 2 Gy [18]. In the
present study, nearly 31% patients developed grade IV lym-
phopenia, and the changes of total lymphocyte counts in
patients receiving RT with cisplatin and docetaxel were similar
in those receiving RT with S1. These findings are consistent
with those seen in patients with locally advanced pancreatic
adenocarcinoma receiving capecitabine or gemcitabine-based
chemoradiation [25]. Although both RT and chemotherapy
have prolonged negative effects on immune system, recent
studies indicated that local RT may play primary role in the
etiology of treatment-related lymphopenia. For example, Jian
et al. recently analyzed treatment-related lymphopenia in
non-small cell lung cancer and found that total lymphocyte
counts were largely unchanged after two cycles of neo-
adjuvant chemotherapy. However, 2 months after the addi-
tion of RT, 50% patients had total lymphocyte counts <500
cells per mm3 [26]. Treatment-related lymphopenia were also
observed after RT in high-grade gliomas, locally advanced cer-
vical cancer, and rectal cancer, which contain little bone mar-
row or lymphatic tissue [27–29]. Currently, the exact
mechanism underlying the observed lymphocyte reduction
during RT remains unclear. It was hypothesized that irradia-
tion of circulating blood pool might represent a possible

mechanism. Yovino et al. used mathematical modeling to
estimate the radiation dose to circulating lymphocytes during
60-Gy radiation treatment for glioblastoma [30]. They found
that a single fraction (2 Gy) delivered ≥0.5 Gy to 4.6% of the
total blood pool. After 30 fractions (60 Gy), the mean dose to
the circulating lymphocytes was 2.2 Gy, and 98.8% of circulat-
ing lymphocytes received at lease of 0.5Gy. During 6-week
treatment, circulating lymphocytes received a significant dose
of radiation while passing through the lung. This could explain
why higher mean lung doses were correlated with greater
depletion of circulating lymphocytes in our study. In addition,
this model also demonstrated that major decreases in the
target volume size could significantly reduce the circulating
lymphocytes dose [30]. Similarly, we found that PTV was
inversely correlated with lymphocyte count in our study.
Furthermore, unintentional RT to the lymphopoiesis sites
like bone marrow and the thymus, which are the primary
lymphoid organs, and spleen and lymph nodes, which are
the secondary lymphoid organs, may be potential contribu-
tors [31].

CCRT is a standard treatment for locally advanced ESCC,
and tumor response to CCRT is important for determining of
success or failure of treatment [32]. Tumor response to local
RT is not simply dependent on direct damage to irradiated
tumor cells, also being largely affected by the systemic immune
response [33]. In this study, we found that lymphopenia was
significantly associated with lack of clinical response to CCRT in
patients with ESCC. Recently, lymphopenia has been reported
to be correlated with treatment response in certain solid
tumors. Leibowitz-Amit et al. found that baseline lympho-
cyte counts were significantly associated with response to
platinum-based neoadjuvant chemotherapy in muscle-invasive
bladder cancer [34]. Similarly, Kou et al. found that pre-
treatment lymphopenia was associated with poor tumor
response to first-line chemotherapy in metastatic ESCC [35].
In esophageal cancer, a recent study reported that maintaining
a higher lymphocyte nadir was correlated with greater
pathologic complete response [36]. In our study, the multi-
variate Cox analysis showed treatment-related lymphopenia
to be independent prognostic factor for treatment response.
Therefore, treatment-related lymphopenia might be used as
an additional tool in identifying patients who are most likely
to benefit from CCRT.

Given the strong association between treatment-related
lymphopenia and lack of clinical CR, strategies to reduce the
risks of treatment-related lymphopenia are rational. In our
study, we found that older age, greater tumor length, lower
tumor location, and larger PTV were independent predictors
for treatment-related lymphopenia. In contrast to other clini-
cal parameters such as age, tumor location, and tumor size,
PTV represents a parameter that can be modified with
treatment plan. For example, shrinking radiation fields using
limited-field RT for glioblastoma has been correlated with
less radiation-related lymphopenia than standard-field RT,
and reduction of RT field does not seem to affect patient
prognosis [37]. At present, the delineation of radiotherapeutic
nodal clinical target volume for patients with ESCC has reached
no global consensus until now. In our center, patients aged less
than 80 years were treated with elective node irradiation
(ENI), and the CTV included the GTV with 3-cm craniocaudal

Table 3. Relationship between lymphopenia and response
to concurrent chemoradiotherapy

Case CR (%) <CR (%) p value

Pretreatment
lymphopenia

.028

No 242 58 (24) 184 (76)

Yes 44 4 (9.1) 40 (90.9)

Treatment-related
lymphopenia

.003

No 197 52 (26.4) 145 (73.6)

Yes 89 10 (11.2) 79 (88.8)

Abbreviation: CR, complete response.
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Table 4. Univariate and multivariate logistic regression analysis of factors associated with complete response

Variable

Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Age, yr

≤70 1.00

>70 1.125 (0.594–2.132) .718

Sex

Female 1.00

Male 0.872 (0.454–1.675) .681

ECOG PS

0 1.00

1–2 1.500 (0.495–4.544) .473

Current smoker

No 1.00

Yes 0.905 (0.509–1.608) .734

Primary tumor location

Upper third 1.00

Middle third 1.378 (0.719–2.642) .334

Lower third 0.660 (0.270–1.612) .362

Tumor length, cm

≤5 1.00

>5 1.780 (1.007–3.146) .047 1.567 (0.876–2.802) .130

Histological grade

Well-moderate 1.00

Poor 1.241 (0.565–2.726) .590

Tumor depth

No invasion to adjacent organs 1.00

Invasion to adjacent organs 0.854 (0.457–1.595) .621

Lymph node metastasis

Negative 1.00

Positive 0.835 (0.429–1.625) .595

Clinical stage, 6th ed.

II 1.00

III–IVa 0.816 (0.309–2.151) .680

BMI, kg/m2

>18.5 1.00

≤18.5 0.886 (0.380–2.069) .780

Baseline albumin, g/L

≥35 1.00

<35 0.915 (0.351–2.387) .856

Hemoglobin value at baseline, g/L

≥100 1.00

<100 1.267 (0.413–3.891) .679

Weight loss in 3 mo, kg

<3 1.00

≥3 1.019 (0.500–2.074) .960

Concurrent chemotherapy

S-1 1.00

Cisplatin + docetaxel 0.987 (0.523–1.854) .968

(continued)
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margin, the metastatic lymph nodes, and high-risk lymph
nodal regions. However, the toxicities associated with ENI
were severe, especially in patients who were treated with
concurrent chemotherapy. Some recent reports showed that
involved field irradiation (IFI; nodal target volume included
only the malignant node) is a selective way of decreasing irra-
diation volume [38, 39]. In 2018, a meta-analysis including
10 studies involving a total of 1,348 patients demonstrated
no significant differences in the 1-, 2-, or 3-local control rate
or the 1-, 2-, or the 3-year survival rate between the ENI and
the IFI group, whereas the treatment-related toxicities were
significantly lower in the IFI group [40]. It is therefore possi-
ble that appropriate concurrent chemotherapy with IFI could
lead to less treatment-related lymphopenia, which could
translate into more CR rates to CCRT.

This study is limited by its retrospective nature and
relatively small sample sizes. In addition, the selection of
treatment modalities and regimens were heterogeneous
throughout this period, and the effects of RT and chemo-
therapy on lymphopenia could not be separately investi-
gated. Therefore, the findings should be interpreted with
some caution. Furthermore, survival analysis was not per-
formed because of the short follow-up time, and data related
to additional treatment such as chemotherapy or radiother-
apy to metastatic disease were not complete. As a result, our
findings must be considered with these limitations in mind.

CONCLUSION

Treatment-related lymphopenia is common and severe, and
it seems to be an independent predictor of tumor response
to treatment for patients with local ESCC treated with
CCRT. Furthermore, the present study suggests that shrink-
ing target volumes and reduction of mean lung dose may
spare the circulating lymphocytes in patients at high risk of
treatment-related lymphopenia during CCRT.
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