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Background: Unintentional irradiation of the spleen may reduce absolute lymphocyte count (ALC), which
can affect tumor immunity. Therefore, in the present study, we evaluated spleen dose-volume parameters
associated with ALC and neutrophil/lymphocyte ratio (NLR) in patients with esophageal cancer.

Methods: This retrospective study evaluated patients who were diagnosed with stage I-IV esophageal
cancer and who received radiotherapy at Nihon University Itabashi Hospital between January 2015 and
March 2020. Spleen V5, V10, V20, and V30 and mean spleen dose, which are dose-volume histogram
parameters correlated with ALC and NLR, were analyzed.

Results: In total, 89 esophageal cancer patients with a median age of 72 years (range, 51-92 years)
were included in this research. Results showed that spleen V5, V10, and V20 and mean splenic dose were
significantly correlated with a low ALC. Meanwhile, a significant association was observed between spleen
V5 and V10 and a high NLR (P<0.05). In the linear regression analysis, spleen V5 and V10 were remarkably
associated with a low ALC (P=0.006 and 0.008). Further, a correlation was noted between spleen V5 and a
high NLR (P=0.019). Spleen V5 and V10 were remarkably associated with greater than grade 3 lymphopenia
(P=0.024 and P=0.031).

Conclusions: A correlation was observed between the irradiated volume of the spleen and ALC and NLR
in patients with esophageal cancer. Furthermore, the spleen should be regarded as a high-risk organ, and the

use of techniques in reducing spleen V5, V10 for the preservation of tumor immunity may be beneficial.
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Introduction

Chemoradiotherapy is widely used for unresectable
esophageal cancer, and its treatment outcomes have
significantly improved (1,2). However, the incidence
of acute and late adverse events may increase due to
the use of combined chemotherapy and the widespread
irradiation field (3). Since radiotherapy (RT) is applied for
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the management of esophageal cancer, an X-ray beam is
exposed via the anterior and posterior opposed portals, and
an oblique opposed portal for the primary lesion and lymph
node metastasis is often utilized. The late side effects of
RT include pulmonary disorders and pericardial effusion,
and caution is observed for these high-risk organs when

establishing treatment plans. However, oblique beams
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often unintentionally pass through the spleen, which is the
most important structure of the lymphoid tissues and is
the organ where peripheral lymphocytes that circulate in
the body pass constantly (4). Irradiation of the spleen may
be directly associated with lymphopenia in the peripheral
blood because lymphocytes are highly radiosensitive.
Lymphocytes, which play a role in anti-tumor immunity,
can specifically recognize, and attack tumor cells and
release several cytokines to activate the immune system of
a host (5). The use of decreased absolute lymphocyte count
(ALC) and elevated neutrophil/lymphocyte ratio (NLR)
before treatment as predictive or prognostic factors for
various cancers, including esophageal cancer, has attracted
significant attention (6-10). However, only few reports
existed on the association between spleen irradiation
and ALC and NLR in patients with esophageal cancer.
Furthermore, previous studies have only assessed ALC after
treatment (11), and no research has evaluated NLR changes
before and after RT or concurrent chemoradiotherapy
(CCRT). Before treatment, patients with advanced-stage
disease and poor prognosis may present with a low ALC and
a high NLR (8). When assessing the effect of RT or CCRT
on ALC or NLR, changes in these parameters before and
after treatment must be evaluated. Thus, the present study
first evaluated the effect of spleen dose-volume parameters
on ALC and change of NLR in patients with esophageal
cancer.

We present the following article in accordance with the
STROBE reporting checklist. (Available at https://dx.doi.
org/10.21037/tcr-21-1765).

Methods
Characteristics of the patients

Esophageal cancer patients who received RT at Nihon
University Itabashi Hospital between January 2015 and
March 2020 and who have available medical records
were retrospectively assessed. Because the treatment
planning system in our hospital was replaced in 2014,
we only had access to treatment plans from 2015.
Patients with concurrent hematologic, autoimmune, or
systemic inflammatory diseases who previously received
chemotherapy for other types of cancer were excluded. All
participants were histologically diagnosed with esophageal
cancer, and their lesions were staged according to the
seventh edition of the tumor, node, metastasis (TNM)
classification system (12). All patients underwent computed
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tomography (CT) scan for the evaluation of the primary
site and lymph node and distant metastases. Patients who
were enrolled more recently underwent positron emission
tomography.

Treatment methods

The treatment regimen basically included 5-fluorouracil
(5-FU) combined with cisplatin (CDDP) with adequate
hydration and antiemetic coverage (FP regimen). Two
cycles of chemotherapy were administered every 4 weeks
during RT. Some patients with advanced-stage received
combined CDDP and 5-FU and docetaxel, and irinotecan
and CDDP were used for small cell carcinoma. We selected
RT alone because of advanced age and renal impairment.
A 10-MV X-ray beam was exposed via the anterior and
posterior opposed portals, and an oblique opposed portal
was commonly used. Each beam was created by adjusting
the planning target volume with a margin along the path
of the beam. Intensity-modulated RT was not used because
our institution had no established policy for the use of this
treatment modality in patients with esophageal cancer. RT
was delivered 5 days a week using a single daily fraction of
2 Gy. None of the patients received hyperfractionated RT.
The total doses used were 40 Gy for preoperative CCRT
and 60 Gy for radical CCRT. Since radiation therapy was
administered at a dose of >40 Gy, all patients underwent a
CT scan, and re-planned RT was conducted in only oblique
opposed fields to exclude the spinal cord.

Treatment planning and spleen dosimetry

The spleen was contoured in each patient, and its
corresponding dosimetry was calculated by a treatment
machine [Monaco 5.11.02 (Elekta)]. The total dose to the
spleen was determined by combining the first and second
plans (>40 Gy) in patients who received a dose of >40 Gy.
Five specific dose-volume histogram parameters (i.e., V5,
V10, V20, V30, and mean spleen dose) were selected for the
correlational analysis. For example, V5 indicated a volume
of 5 Gy.

Blood collection

Blood samples were collected from all patients to evaluate
the lymphocyte and neutrophil counts before and after
treatment. We referred to blood samples collected

Transl Cancer Res 2021;10(12):5076-5084 | https://dx.doi.org/10.21037/tcr-21-1765


https://dx.doi.org/10.21037/tcr-21-1765
https://dx.doi.org/10.21037/tcr-21-1765

5078

Table 1 Baseline clinical characteristics of patients

Characteristics Values
Patients 89
Age (years), median (range) 72 (51-92)
Gender

Male 71 (80%)

Female 18 (20%)
PS

0 3 (3%)

1 71 (80%)

2 15 (17%)
Location

Upper 6 (6%)

Middle 49 (55%)

Lower 34 (39%)
Pathology

Squamous 86 (97%)

Adeno squamous 1(1%)

Adeno 1(1%)

Small 1(1%)
Stage

I 11 (12%)

I 13 (15%)

M 58 (65%)

v 7 (8%)

Radiation dose

40 54 (61%)

50 10 (11%)

60 21 (24%)

Other 4 (4%)

Treatment

RT alone 9 (10%)

CCRT 80 (90%)
CDDP + 5-Fu 78 (98%)
DCF 1(1%)
CPT11 + CDDP 1 (1%)

PS, performance status; stage, TNM classification 7th edition;
RT, radiotherapy; CCRT, concurrent chemoradiation therapy;
CDDRP, cisplatin; 5-FU, 5-fluorouracil; DCF, docetaxel, cisplatin,
5-fluorouracil; CPT-11, irinotecan.

Sakaguchi et al. Splenic radiation and lymphopenia

immediately before the start of treatment (on the day or
within a few before). If blood collection before treatment
was not performed immediately, blood collection at the first
visit (within 1 month) was used as a reference. The ALC and
neutrophil count were based on blood sampling that was
conducted immediately after treatment completion. When
the period from the end of treatment to blood collection
was >1 week, the result obtained immediately before the
end of treatment was used as a reference. According to
the Common Terminology Criteria for Adverse Events
version 4.0, more than G3 lymphopenia was defined as
<500/pL. NLR was defined as neutrophil count divided by
lymphocyte count. Increase ratio of NLR was calculated by
dividing the NLR after RT by the NLR before RT.

Statistical analysis

Using the Mann-Whitney U test, the median ALC
and NLR before and after RT were compared. The
Spearman correlation coefficients were used to evaluate the
associations between the spleen dose-volume parameters
and the ALC and NLR. A higher NLR was obtained by
dividing the NLR after RT by the NLR before RT. In the
univariate linear regression analyses, the ALC, NLR, and
dose-volume parameters were considered as continuous
variables. Overall survival (OS) was defined as the period
from the last day of RT to the time of death regardless
of the cause. Using the Kaplan-Meier method, OS was
evaluated. A P value of <0.05 was considered as statistically
significant.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
was approved by our institutional review board of Nihon
University Itabashi Hospital (Ref No. RK-180213-9). All
patients provided consent for their data to be used and
additional consent for this retrospective analysis was waived.

Results
Patient and treatment characteristics

Table 1 contains the baseline patient and treatment
characteristics. In total, 89 patients who fulfilled the
criteria were included in the study. The median age of
the participants was 72 years (range, 51-92 years). The
proportion of patients with stage III cancer was the
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highest, followed by those with stage II cancer. Squamous
cell carcinoma was the most common histopathological
diagnosis, followed by adenocarcinoma, adenosquamous cell
carcinoma, and small cell carcinoma. FP-based CCRT was
the most frequent treatment, followed by RT monotherapy,
because of poor general condition and/or renal dysfunction.

Blood examination

The median ALCs before and after treatment were 1,562/pL.
(range, 470-3,213/pL) and 333/pL (range, 89-1,328/pL),
respectively. Of 89 patients, 76 (85.4%) presented with
greater than grade 3 lymphopenia immediately after
treatment. The median NLRs before and after treatment
were 2.83 (range, 0.80-11.16) and 7.84 (range, 1.71-
89.51), respectively. The Mann-Whitney U test showed a
significant difference between the median ALC and NLR
before and after RT (P<0.0001).

Dose-volume histogram analysis

Based on the dose-volume histogram analysis of the spleen
derived using the CT scan datasets, the median V5, V10,
V20, and V30 were 35.0 mL (range, 0-119.50 mL), 21.5 mL.
(range, 0-115.1 mL), 3.88 mL (range, 0-87.0 mL), and
0.54 mL (range, 0-71.9 mL), respectively. The mean splenic
dose was 6.4 Gy (range, 0.01-32.8 Gy).

Correlations between splenic dose parameters and ALC
and NLR

The Spearman correlation analysis revealed that V5, V10,
V20, and mean splenic dose were significantly correlated
with decreased ALC (P=0.0005, 0.0002, 0.0223, and 0.0009,
respectively; Figure 1). This association subsequently
decreased at higher doses delivered to the spleen (V30).
V5 and V10 were significantly correlated with a high
NLR (P=0.004, 0.008, respectively; Figure 2), and the no
association at V20, V30, mean spleen dose.

Predictors of splenic dose parameters

In the linear regression analysis, spleen V5 and V10
were found to be significantly associated with a low ALC
(P=0.006 and 0.008). Moreover, spleen V5 was associated

with a high NLR (P=0.019) (Table 2). A logistic regression
analysis was conducted to determine whether V5 and V10
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were significantly associated with greater than grade 3
lymphopenia (7able 3).

Relationship between lymphopenia (grades 1 and 2 vs. 3
and 4) and OS

The median follow-up period from the last day of RT was
12 months (range, 2-59 months). No statistically significant
difference was found in OS between patients with grades
1 and 2 cancer and those with grades 3 and 4 cancer

(P=0.2406).

Discussion

The spleen is the largest lymphoid tissue in the body. In
particular, the white pulp activates the immune response
when antigens and antibodies are present in the blood
(13,14). An unintended increase in spleen dose can have a
significant impact on ALC and tumor immunity. Our study
demonstrated that spleen dose was shown to be associated
with decrease ALC and increase ratio of NLR after
treatment in patients with esophageal cancer.

A previous study has shown a significant correlation
between high spleen irradiation doses and low ALC after
RT in patients with hepatocellular carcinoma and pancreatic
cancer (10,15). Our results are similar to those of previous
reports showing that patients with esophageal cancer have
a low ALC, which is attributed to the splenic dose of RT.
Of note, in terms of V5, V10, V20, V30, and mean splenic
dose, the delivery of low doses (i.e., V5) to the spleen was
more strongly associated with a low ALC. Based on previous
research that used a micronucleus assay for detecting X-ray-
induced chromosome damage in lymphocytes, damage to
lymphocytes was found to occur at low doses (16,17). Other
studies showed that the lethal doses required to reduce the
surviving fraction of lymphocytes by 50% and 90% are
approximately 2 and 3 Gy, respectively (18,19). Our findings
are consistent with those of previous reports. Therefore,
since lymphocytes are affected, low doses (i.e., V5), rather
than high doses, delivered to the spleen are an extremely
important predictor of lymphopenia.

Recent studies have shown that inflammation-related
prognostic factors, including NLR, may be used as a
parameter of systemic inflammation in various cancers
including esophageal cancer (8,20,21). Inflammatory
pathways play a key role in tumorigenesis, tumor-related
angiogenesis, and tumor invasion/metastasis (22,23). A high
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Figure 2 Correlations between spleen dose volume parameters and NLR during radiotherapy in patients with esophageal cancer. NLR,
neutrophil/lymphocyte ratio.

NLR, which indicates a high neutrophil count or a low more frequently in patients with a high NLR (24). The

lymphocyte count before treatment, represents an imbalance cause of decreased lymphocyte count before treatment has
in the inflammatory pathway and immune response against not been completely elucidated, and various causes include
tumors. Thus, tumor recurrence and metastasis may occur T lymphocyte apoptosis via the Fas/FasL pathway and the
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Table 2 Liner regression analysis to identify variables associated

with ALC and NLR

Variables B 95%Cl P value
ALC
Spleen V5 -2.307 -3.931 to —-0.682 0.006
Spleen V10 -2.672 -4.612 to —-0.731 0.008
Spleen V20 -2.343 -5.847 to 1.161 0.187
Spleen V30 -3.192 -8.580t0 2.196 0.242
Mean splenic dose  -6.380 -13.542 t0 0.782 0.080
Increase ratio of NLR
Spleen V5 0.022 0.004 to 0.041 0.019
Spleen V10 0.022  -0.00034to 0.044  0.054
Spleen V20 0.002 -0.038 to 0.042 0.915
Spleen V30 -0.003 -0.065 to 0.058 0.916

Mean splenic dose 0.045 -0.036 to 0.127 0.274

B, region coefficient; Cl, confidence interval; V5, volume receiving
5 Gy; V10, volume receiving 10 Gy; V20, volume receiving 20 Gy;
V30, volume receiving 30 Gy; ALC, absolute lymphocyte count;
NLR, neutrophil/lymphocyte ratio.

Table 3 Logistic regression analysis to identify variables associated
with grade 3 lymphopenia

Variables OR 95% ClI P value
Spleen V5 1.031 1.004-1.059 0.024
Spleen V10 1.040 1.004-1.078 0.031
Spleen V20 1.090 0.997-1.217 0.121
Spleen V30 1.159 0.935-1.436 0.178
Mean splenic dose 1.109 0.985-1.247 0.086

OR, odds ratio; Cl, confidence interval; V5, volume receiving
5 Gy; V10, volume receiving 10 Gy; V20, volume receiving 20 Gy;
V30, volume receiving 30 Gy.

presence of transforming growth factor B (25,26). Patients
with advanced-stage cancer or poor general condition may
present with low ALC and high NLR at baseline before
treatment. Therefore, ALC or NLR before and after
treatment should be investigated. The present study first
evaluated the significant difference in spleen dose and NLR
before and after treatment. In increase ratio of NLR, it
has been shown that a low dose spread to the spleen (i.e.,
V5) similar to decrease ALC was essential for NLR after
treatment in patient with esophageal cancer.
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In our study, only nine patients received RT alone, and this
number was not comparable to that of patients who received
CCRT. Additionally, some patients received chemotherapy
at a lower dose due to renal dysfunction and poor general
condition. Therefore, the effect of chemotherapy in
decreasing ALC and increasing NLR has not been completely
evaluated in our study. A study of non-small cell lung cancer
patients showed that the occurrence of radiation-induced
lymphopenia was independent of chemotherapy in patients
with and without chemotherapy (27). Considering the
decrease in ALC and neutrophil count after treatment, the
effect of chemotherapy cannot be ignored. However, the
decrease in ALC due to RT has a greater effect because the
NLR increased after treatment. Because if chemotherapy
has a significant effect, it can also decrease the neutrophil
count after treatment. Therefore, the increase in radiation
dose to the spleen, rather than chemotherapy, is the main
factor associated with the decrease in ALC in CCRT
patients.

Bone extraction was not completed with our treatment
planning device, and the bone marrow dose could not be
evaluated. The bone marrow is extremely vulnerable to
damage caused by RT. In a previous study, a significant
decrease in lymphocyte counts was observed on days 14 and
21 after whole-body irradiation in guinea pigs (28). This is
an effect of total-body irradiation, and the distribution and
dynamics of lymphocytes in the body must be considered.
A previous research showed that about 40% of the labeled
lymphocytes were present in the spleen at 30-60 min after
injection. By contrast, the number of lymphocytes that
entered into the bone was less than that of lymphocytes that
entered into spleen, with a peak increase within 1-2 h (29).
Neutrophils in the bone marrow are similarly affected by
RT, however our study showed that NLR increase after RT
and that lymphocytes in the spleen had a greater effect than
neutrophils in the bone marrow by RT. The impact of bone
marrow dose in decreasing ALC during esophageal cancer
irradiation cannot be ruled out however, the spleen dose is
the most important factor. In fact, a previous study revealed
that no significant correlation was found between bone
marrow dose and lymphopenia in patients with esophageal
cancer (11).

The radiosensitivity of lymphocytes circulating in
the blood is also high. However, their influence on the
peripheral blood was not assessed in our study because the
effect of RT on circulating lymphocytes has not been fully
elucidated. Its impact on the heart, where the peripheral
blood is concentrated and which is often included in the
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radiation field, was also unclear. Yovino et 4l. (30). showed
that in a typical 60 Gy radiation treatment plan to the brain
(2 Gy x30 fractions to an 8 cm diameter field), 98.8% of
all circulating blood receives at least 0.5 Gy. However, it is
difficult to consider these effects, which vary based on the
circulating blood volume during RT, irradiation time, and
number of portals. Additionally, in the case of CCRT, a split
time of approximately 1 week to 10 days was inserted. Thus,
it may be different from the dose received by the circulating
blood via daily continuous irradiation.

A previous study reported that patients with low ALC
during neoadjuvant chemotherapy is less likely to achieve
pathological complete response (31). Moreover, treatment-
related lymphopenia was found to be associated with
poor survival in patients with various cancers including
esophageal cancer (15,32,33). However, our study did
not reveal an association between treatment-related
lymphopenia and a high NLR and survival. The finding
may be attributed to heterogeneity in chemotherapy dose
and treatment purpose among the target patients. That is,
radical chemoradiation, preoperative chemoradiation, and
palliative radiation were mixed. In particular, treatment
methods such as chemotherapy at the time of recurrence
were not constant. Moreover, age, general condition, host
nutrition, previous history of double cancer, and different
TNM stages may have a more significant influence on
OS than lymphopenia due to splenic irradiation. The
current study had several limitations. That is, this was a
retrospective study conducted at a single center. Moreover,
only a small number of patients were included, and the
follow-up period was relatively short. Patients who were
irradiated with a dose of 40 Gy had a higher number of
re-conducted CT scans and re-created treatment plans.
However, the location of the spleen changed primarily due
to gastric contents. We contoured the spleen in CT which
were first taken and second which taken at 40 Gy by fusion
imaging, the positions could not be perfectly matched.
Therefore, the spleen dose might be erroneous. The timing
of obtaining laboratory results was heterogeneous, and
some data were not collected immediately after treatment.
Some patients had laboratory data obtained >1 week after at
the end of treatment. Thus, the last laboratory data during
treatment were used. These limitations should be addressed
in future studies conducted multiple centers across several
countries.

Conclusions

The present study first showed the correlation between
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the irradiated volume of the spleen and ALC and NLR
in patients with esophageal cancer. Moreover, the spleen
should be treated as a high-risk organ as in other organs
such as the lungs and heart. In RT, the spleen dose must
be significantly reduced. Our results may be useful in
estimating spleen dose and lymphopenia and spleen dose
constraints in future prospective studies.
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