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Excessive splenic volume
 is an unfavorable
prognostic factor in patients with non-small cell
lung cancer treated with chemoradiotherapy
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Abstract
The relationship between splenic volume and the outcome of chemoradiotherapy for lung cancer has rarely been studied or
addressed. The purpose of our study was to investigate whether splenic volume was associated with prognosis in patients treated
with chemoradiotherapy for advanced or locally advanced non-small cell lung cancer (NSCLC).
A retrospective investigation was conducted. Finally, 202 patients met the criteria and were included in the study. All patients were

divided into 2 groups according to the optimum cutoff value of splenic volume for overall survival (OS). The optimum cutoff value was
identified by X-tile software, and the OS and disease-free survival (DFS) were compared between the 2 groups of patients. The impact
of splenic volume and other clinical characteristics on OS and DFS was analyzed using the Kaplan–Meier method and Cox
proportional hazards model. Clinical characteristics were compared using chi-square or Fisher exact tests.
The median (range) of splenic volume was 156.03 (28.55–828.11)cm3. The optimal cutoff value of splenic volume was 288.4cm3.

For univariate analyses, high splenic volume was associated with decreased OS (P= .025) and DFS (P= .044). In multivariate
analyses, splenic volume remained an independent predictor of OS as a binary dependent variable (P= .003).
Excessive splenic volume was associated with decreased OS and DFS in patients with NSCLC treated with chemoradiotherapy.

Splenic volume should be regarded as an independent prognostic factor for patients treated with chemoradiotherapy for advanced
or locally advanced NSCLC.

Abbreviations: ALC = absolute lymphocyte count, AMC = absolute monocyte count, ANC = absolute neutrophil count, CI =
confidence interval, COPD = chronic obstructive pulmonary disease, CT = computed tomography, DFS = disease-free survival,
EGFR = epidermal growth factor receptor, HR = hazard ratio, NSCLC = non-small cell lung cancer, OS = overall survival, PLT =
platelet count, RBC = red blood cell count, TAMs = tumor-associated macrophages, TANs = tumor associated neutrophils.
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1. Introduction

Lung cancer is themost common form of cancer worldwide and is
the leading cause of cancer-related mortality.[1] The spleen is an
organ with a unique anatomical structure and cellular composi-
tion. It plays an important role in immune surveillance and
response. However, our understanding of the relationship
between the spleen and the pathogenesis of the disease is
insufficient. The spleen contains a large number of immune-
related cells such as lymphocytes and macrophages that play an
important role in the immune function of the spleen.[2] As the
largest secondary lymphoid organ in the body, many studies to
identify spleen cell subpopulations, locations, and functions has
been performed in mice, although comparisons with humans
remain to be clarified.[3]

Although the immune function of the spleen is not easily
evaluated, there is a close relationship between splenic volume
and splenic function.[4] In daily diagnosis and treatment work, we
found that there were great discrepancies in splenic volume for
patients with non-small cell lung cancer (NSCLC). The spleen
contains a large number of immune cells that could affect the
prognosis of many diseases.[5] The relationship between splenic
volume and the outcome of lung cancer has rarely been studied or
addressed. Therefore, we performed a retrospective study to
investigate the relationship between splenic volume and the
outcome of patients with advanced or locally advanced NSCLC
treated with chemoradiotherapy.
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2. Materials and methods

2.1. Study design and enrolled patients

A retrospective analysis was used in this study, and we surveyed
347 patients with advanced or locally advanced NSCLC. There
were 202 patients who were treated at the Shandong Provincial
QianfoshanHospital in Jinan and theMaternal and Child Health
CareHospital of Zibo (China) between January 2014 andAugust
2016, and they met the criteria. Chemoradiotherapy was used as
the initial treatment. Pathological results were obtained by
bronchoscopy or puncture biopsy, and epidermal growth factor
receptor (EGFR) mutational status was obtained by genetic
testing of the patients. The standard clinical staging of the
patients was determined by physical examination, positron
emission tomography (PET), or whole-body enhanced computed
tomography (CT) scan. All patients who were unable or reluctant
to undergo surgical treatment were treated with chemoradio-
therapy as the initial therapy according to the practice. Patients
who were excluded from the study were those with small cell
types, those who were uncooperative or inaccessible, and those
from whom complete information could not be obtained. In
order to eliminate the influence of splenomegaly caused by
cirrhosis in this study, all patients had been excluded history of
cirrhosis or hypersplenism. All patients signed the informed
consent approved by the Institutional Committee of the
Shandong Provincial Qianfoshan Hospital and the Maternal
and Child Health Care Hospital of Zibo on Human Rights in
Research.
3. Data collection

3.1. Splenic volume

CT scans were performed before administration of radiotherapy
to the patients. Then, the CT image was transmitted to the
radiotherapy treatment planning system (Eclipse, America). The
contours of the spleen were plotted on a computer by the same
physician, and the volume of the spleen was calculated using the
radiotherapy treatment planning system (Eclipse, America).
3.2. Clinical characteristics

Clinical characteristics were collected and included age, sex,
smoking status, histology, clinical stage, epidermal growth factor
receptor(EGFR) mutational status, chronic obstructive pulmo-
nary disease (COPD) concomitant state, absolute neutrophil
count(ANC), absolute lymphocyte count (ALC), absolute
monocyte count (AMC), red blood cell count (RBC), and platelet
count (PLT).
3.3. Follow-up

Follow-up data were collected until death or for 36 months. All
patients were regularly followed up. We collected material,
including the results of laboratory and imaging examinations
every 3 months in the first year, every 6 months in the second
year, and annually thereafter.
3.4. Statistical analysis

To analyze the predictive value of the splenic volume for overall
survival (OS) and disease-free survival (DFS) in patients with
2

advanced or locally advanced NSCLC, we selected X-tile
software to separate all patients into 1 of 2 groups according
to splenic volume. This software can be utilized to define an
optimum cutoff point for the numerical variables required to
predict prognosis. In our study, the cutoff point for splenic
volume was defined according to the OS. The optimum cutoff
points for the ANC, ALC, AMC, RBC, and PLT were also
identified by X-tile.
The differences in clinical characteristics between the 2 groups

were assessed using the chi-squared test or Fisher exact test for
categorical variables. OS was defined as the time from the initial
treatment until death for any reason, while DFS was defined as
the time from the initial treatment until disease progression or
death for any reason. The Kaplan–Meier method was used to
estimate the survival probabilities using GraphPad Prism 7.0
(GraphPad Software). The log-rank test was used to statistically
compare the curves of the 2 groups. In univariate and
multivariate analyses, the Cox proportional hazard model was
used to determine the hazard ratio (HR) of variables to OS and
DFS, and the data were analyzed using the statistical package
SPSS version 25.0 (SPSS Inc., Chicago, IL). The results are
expressed as hazard ratios (HRs) with their 95% confidence
intervals (CIs). A 2-sided P-value< .05 was considered statisti-
cally significant.
4. Results

4.1. Patient characteristics

A total of 202 patients participated in our study. The clinical
characteristics of the patients are shown in Table 1.
4.2. Determination of cutoff values for splenic volume,
ANC, ALC, AMC, RBC, and PLT

The optimum values for splenic volume, ANC, ALC, AMC, RBC,
and PLT for OS in patients with advanced or locally advanced
NSCLC treated with chemoradiotherapy were selected using X-
tile software. This software can be utilized to define the optimum
cutoff point of a numerical variable required to predict prognosis.
For OS, and using a spleen volume of 288.4cm3 as the cutoff
value, the minimum P value (.0338) can be obtained. Thus, we
utilized a splenic volume of 288.4cm3 as the optimum cutoff
value. The patients were divided into the low splenic volume
(<288.4cm3; n=175 [86.6%]) group and high splenic volume
(≥288.4cm3; n=27 [23.4%]) group. For OS, the optimum cutoff
value was 6.7�109/L for ANC (P= .4305), 1.2�109/L for ALC
(P< .0001), 0.5�109/L for AMC (P= .6362), 4.8�109/L for
RBC (P= .2195), and 232�109/L for PLT (P= .3555), respec-
tively. The optimum cutoff values are shown in Fig. 1 for splenic
volume, ANC, ALC, AMC, RBC, and PLT for the prognosis of
patients with advanced or locally advanced NSCLC treated with
chemoradiotherapy.

4.3. OS and DFS according to splenic volume

As shown in Fig. 2, using the Kaplan–Meier method for analysis,
patients with high splenic volume exhibited significantly shorter
OS than those with low splenic volume (P= .0197). The median
time and 3-year OS rate were 9 months and 48.5% in the high
splenic volume group, and 15 months and 44.4% in the low
splenic volume group, respectively. The DFS in patients with high



Table 1

Patient characteristics based on the splenic volume.

Splenic volume

Low (<288.4cm3) High (≥288.4cm3) P value

Age
<65 years 104 19 .278
≥65 years 71 8

Gender
Male 143 22 .997
Female 32 5

Smoking status
Never 61 12 .334
Current/former 114 15

Histology
Adenocarcinoma 82 13 .900
Other 93 14

Clinical stage
II–III 79 8 .130
IV 96 19

EGFR status
Mutant type 44 7 .931
Wild type 131 20

COPD
Yes 47 8 .763
No 128 19

ANC (�109/L):
<6.7 141 26 .083
≥6.7 34 1

ALC (�109/L):
<1.2 51 3 .049
≥1.2 124 24

AMC (�109/L):
<0.5 112 24 .019
≥0.5 63 3

RBC (�109/L):
<4.8 134 23 1.000
≥4.8 20 4

PLT (�109/L):
<232 85 23 .001
≥232 90 4

ALC= absolute lymphocyte count; AMC= absolute monocyte count; ANC= absolute neutrophil count;
COPD= chronic obstructive pulmonary disease; EGFR=epidermal growth factor receptor; RBC= red
blood cell count; PLT=platelet count.
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splenic volume was also significantly poorer than that in those
with low splenic volume using the same method (P= .0325). The
median time and 3- year DFS rates were 7 months and 77.8% in
the high splenic volume group, and 11 months and 46.6% in the
low splenic volume group, respectively.

4.4. Univariate and multivariate analyses for OS and DFS

Using the Cox proportional hazardmodel, the univariate analysis
revealed that splenic volume (HR: 1.664, 95% CI: 1.067–2.594,
P= .025), clinical stage (HR: 2.418, 95% CI: 1.747–3.347,
P= .000), COPD concomitant state (HR: 1.566, 95% CI: 1.107–
2.217, P= .011), and ALC (HR: 0.300, 95% CI: 0.209–0.430,
P= .000) were significantly associated with OS. Splenic volume
(HR: 1.548, 95% CI: 1.011–2.370, P= .044), clinical stage (HR:
2.500, 95% CI: 1.842–3.394, P= .000), and ALC (HR: 0.461,
95% CI: 0.330–0.645, P= .000) were significantly associated
with the DFS. Table 2 shows the outcomes of the univariate
analysis. Multivariate analysis showed that splenic volume (HR:
0.492, 95%CI: 0.307–0.789, P= .003), clinical stage(HR: 2.380,
3

95% CI: 1.659–3.415, P= .000), COPD concomitant state (HR:
0.609, 95% CI: 0.422–0.879, P= .008), and ALC (HR: 0.328,
95% CI: 0.221–0.487, P= .000) were significantly associated
with OS. Clinical stage (HR: 2.575, 95% CI: 1.837–3.610,
P= .000), COPD concomitant state (HR: 0.547, 95% CI: 0.386–
0.776, P= .001), and ALC (HR: 0.520, 95% CI: 0.361–0.748,
P= .000) were significantly associated with the DFS. Table 3
presents the outcomes of the multivariate analysis. The OS and
DFS for patients according to clinical stage, COPD concomitant
state, and ALC using the Kaplan–Meier method are shown in
Fig. 3.

5. Discussion

In the present study, our main purpose was to examine the
relationship between splenic volume and outcomes of patients
with advanced or locally advanced NSCLC treated with
chemoradiotherapy. Using the Kaplan–Meier method, significant
differences in OS and DFS between groups with different splenic
volumes were found. Moreover, univariate and multivariate
analyses for OS and DFS using the Cox proportional hazard
model also confirmed that the splenic volumewas an independent
risk factor for patients with advanced or locally advanced
NSCLC treated with chemoradiotherapy.
It is difficult to determine the functional status of the immune

system in different species. The optimal immunologic defense is
not necessarily the maximum immunologic defense due to the
risk of autoimmunity.[6] As the largest lymphoid organ of the
human body, the spleen is rich in immune cells and has a unique
anatomical structure. It monitors all circulating blood compo-
nents and can optimally phagocytize any of them, thus playing an
important role in defending against pathogens. The function of
the spleen is difficult to quantify. In recent years, several methods
have been studied to quantify the many different functions of the
spleen. However, the exact function of the spleen remains difficult
to evaluate.[7] The spleen is a multifunctional organwith a unique
structure and cellular composition. The circulatory system,
reticuloendothelial system, and immune system interact through
the spleen.[2]

In clinical work, we found that there was a great discrepancy in
the splenic volume for patients with NSCLC and many patients
with splenomegaly. The underlying mechanism is unknown.
Splenomegaly is often seen in patients with hepatocellular
carcinoma and cirrhosis, and a strong correlation between spleen
size and hepatocellular carcinoma and cirrhosis has been
reported in some studies. Increased portal venous system
resistance is considered the most important cause of splenomeg-
aly.[8] In addition, other factors may lead to splenomegaly in
patients, such as splenic metastasis of carcinoma, splenic
aneurysm, splenic tuberculosis, or splenic hemangioma.[9–12]

For patients with tumors, whether there are other mechanisms
that cause splenomegaly requires further study.
A possible mechanism for splenomegaly in patients with

tumors was found through a mouse experimental model. Fang
et al[13] found that disorders of T-lymphocyte circulation in the
spleen caused by dysfunction of b-actin and S100-A9 protein
expression and an increase in the quantity of splenocytes were the
reasons for the occurrence of splenomegaly in hepatocellular
carcinoma-bearing mice.
In our study, there was a significant difference in ALC between

the 2 groups with different splenic volumes, as shown in Table 1.
This difference may be due to the large number of lymphocytes

http://www.md-journal.com


Figure 1. Calculation of cut off value for splenic volume, absolute neutrophil count (ANC), absolute lymphocyte count (ALC), absolute monocyte count (AMC), red
blood cell count (RBC), and platelet count (PLT) for overall survival (OS) by X-tile software.
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Figure 2. (A) Kaplan–Meier curves for overall survival (OS) according to splenic volume. (B) Kaplan–Meier curves for disease-free survival (DFS) according to splenic
volume.

Table 3

Multivariate analyses of factors associated with overall survival and disease-free survival.

Disease-free survival Overall survival

Variable Hazard ratio (95%CI) P value Hazard ratio (95%CI) P value

Clinical stage
II–III vs IV 2.575 (1.837–3.610) .000 2.380 (1.659–3.415) .000

COPD
Yes vs No 0.547 (0.386–0.776) .001 0.609 (0.422–0.879) .008

ALC (�109/L)
<1.2 vs ≥1.2 0.520 (0.361–0.748) .000 0.328 (0.221–0.487) .000

Splenic volume
<288.4cm3 vs ≥288.4cm3 0.759 (0.524–1.100) .146 0.492 (0.307–0.789) .003

ALC= absolute lymphocyte count, COPD= chronic obstructive pulmonary disease.

Table 2

Univariate analyses of factors associated with overall survival and disease-free survival.

Disease-free survival Overall survival

Variable Hazard ratio (95%CI) P value Hazard ratio (95%CI) P value

Age
<65 vs ≥65 0.923 (0.687–1.241) .596 0.985 (0.720–1.346) .923

Gender
Male vs female 1.194 (0.810–1.759) .371 1.209 (0.806–1.813) .359

Smoking status
Never vs current/former 0.986 (0.727–1.338) .928 1.027 (0.471–1.422) .874

Histology
Adenocarcinoma vs otner 0.915 (0.682–1.227) .552 0.968 (0.709–1.323) .840

Clinical stage
II–III vs IV 2.500 (1.842–3.394) .000 2.418 (1.747–3.347) .000

EGFR status
Mutant type vs Wild type 1.711 (0.910–3.232) .096 1.704 (0.894–3.272) .110

COPD
Yes vs No 0.150 (0.020–1.098) .062 1.566 (1.107–2.217) .011

ANC (�109/L)
<6.7 vs ≥6.7 0.759 (0.524–1.100) .146 0.662 (0.437–1.002) .051

ALC (�109/L)
<1.2 vs ≥1.2 0.461 (0.330–0.645) .000 0.300 (0.209–0.430) .000

AMC (�109/L)
<0.5 vs ≥0.5 1.034 (0.759–1.409) .831 0.918 (0.660–1.278) .614

RBC (�109/L)
<4.8 vs ≥4.8 0.712 (0.451–1.124) .145 0.630 (0.380–1.043) .073

PLT (�109/L)
<232 vs ≥232 0.780 (0.581–1.048) .099 0.736 (0.538–1.006) .055

Splenic volume
<288.4cm3 vs ≥288.4cm3 1.548 (1.011–2.370) .044 1.664 (1.067–2.594) .025

ALC= absolute lymphocyte count, AMC= absolute monocyte count, ANC= absolute neutrophil count, COPD= chronic obstructive pulmonary disease, EGFR= epidermal growth factor receptor, PLT=platelet
count, RBC= red blood cell count.

Guo et al. Medicine (2020) 99:49 www.md-journal.com
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Figure 3. (A) Kaplan–Meier curves for overall survival (OS) according to clinical stage. (B) Kaplan–Meier curves for disease-free survival (DFS) according to clinical
stage. (C) Kaplan–Meier curves for OS according to concomitant state of chronic obstructive pulmonary disease (COPD). (D) Kaplan–Meier curves for DFS
according to concomitant state of COPD. (E) Kaplan–Meier curves for OS according to absolute lymphocyte count (ALC). (F) Kaplan–Meier curves for DFS
according to ALC.
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trapped in the spleen. Therefore, we considered that this
hypothesis may also be one of the mechanisms leading to
splenomegaly in some patients with NSCLC. Large numbers of
lymphocytes accumulate in the spleen in patients with cancer, and
lymphocytes are highly sensitive to radiation. Low-dose radiation
can decrease the number of peripheral blood lymphocytes.[14]

The spleen is also a lymphoid organ, and radiotherapy-related
6

lymphopenia also occurs after irradiation of the spleen.[15]

Previous studies have claimed that higher spleen dose–volume
parameters are associated with severe lymphopenia during
chemoradiotherapy for esophageal cancer.[16] Whether it is
necessary to protect the spleen from receiving an excessive
radiation dose during radiotherapy is a question worth
considering. Whether it is necessary to protect the spleen from
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receiving an excessive radiation dose during radiotherapy is a
question worth considering.
The mechanism of splenomegaly as a poor prognostic factor in

patients with NSCLC deserves further investigation. Previous
studies have found that although the spleen contains a large
number of lymphocytes, these lymphocytes are mainly composed
of inhibitor precursor and inhibitor/inducer T cells, and these
cells gradually mature during the migration from the spleen but
do not play an active role in immune function. During the
development of cancer, the spleen does not contribute to positive
immune function, but rather plays a negative role.[17,18] We
considered that increased production of inhibitor T cells may be
the reason that splenomegaly indicates a poor prognosis. Many
studies have reported that high levels of CD4+T cells indicate
strong immune function, and high levels of CD8+T cells indicate
reduced immune function. In addition, immune function is also
affected by the ratio of CD4+/CD8+ T cells.[19–21] A change in
immune function is one of the factors affecting prognosis.[22]

Changes in the ratio of CD4+/CD8+ T cells were confirmed by
experiments with carcinoma-bearing mice.[13] Consequently, a
decreased ratio of CD4+/CD8+ T cells should also be considered
as a possible reason why splenomegaly indicates poor prognosis.
The effects of splenic irradiation on the body of cancer patients

are still not clear. Some studies have suggested that splenic
irradiation can cause radiation-related lymphopenia and damage
the immune function, which adversely affects the body.[23,24]

However, some studies have indicated that radiation-related
lymphopenia does not affect the overall survival rate of
patients.[17] Some studies suggest that tumor irradiation
combined with spleen irradiation can result in additional T cell
aggregation in the tumor microenvironment, which assists with
controlling tumors.[25] A larger spleen contains more lympho-
cytes, and our view also is that splenic irradiation will not
adversely affect patients.
Several studies have indicated that an oncogenic change causes

an inflammatory microenvironment. Inflammation in the tumor
microenvironment enables the proliferation and survival of
malignant cells, promotes angiogenesis and metastasis, destroys
the adaptive immune response, and changes the response to
hormones and chemotherapy drugs. Tumor-associated macro-
phages (TAMs) can sustain the inflammatory microenvironment
and participate in carcinogenesis and/or tumor invasion and
metastasis.[26–29] The functions of TAMs include support of
tumor-related angiogenesis, promotion of tumor cell invasion,
migration, perfusion, and suppression of anti-tumor immune
responses.[30] TAMs exist in several cancer types, including
breast, lung adenocarcinoma, and Hodgkin lymphoma, and
correlate not only with increased vascular density but also with a
worse clinical outcome.[31–33]

Tumor-associated neutrophils (TANs) are also important
inflammatory cells in the tumor microenvironment. A meta-
analysis revealed that TANs are a poor prognostic indicator of
survival in a variety of malignancies, and the underlying
mechanism of their role in promoting and developing cancer
has only been partially elucidated. The mechanism includes the
promotion of proliferation and survival of malignant cells, the
diversion of adaptive immunity, and the promotion of extracel-
lular matrix remodeling, invasion, angiogenesis, and lymphan-
giogenesis.[28] TAMs and TANs are the major components of
myeloid-derived suppressor cells capable of promoting tumor
development. TAMs are replenished faster than TANs in tumor-
bearing mice.[34,35]
7

Cortez-Retamozo et al[36] performed animal studies in a
conditional genetic mouse model of lung adenocarcinoma and
found that the spleen is an important source of TAMs and
TANs. The spleen can continuously supply growing tumors
with these cells. A large number of TAM and TAN precursors
actually relocate from the spleen to the tumor stroma, and
resection of the spleen before or after tumor development can
significantly reduce TAM and TAN responses and delay tumor
growth. These researchers concluded that the spleen contrib-
utes to TAMs and TANs and contributes to tumor growth.
Studies show that the spleens of rodents are slightly different
on an anatomical level when compared with those of
humans.[5] We suspect that splenomegaly may affect the
prognosis of patients with NSCLC through increased TAMs
and TANs. This hypothesis also supports the idea that splenic
irradiation does not adversely affect patients. In contrast,
damage to the spleen due to radiation is beneficial to patients
with NSCLC because it invokes a heightened immune
response. This is different from some views and is worthy of
further exploration. The current study did not include the
average dose of splenic irradiation received by patients, and it
is likely that the dose–volume of the spleen may affect the
survival of patients. The effect of splenic irradiation on
patients requires further study.

6. Conclusions

In conclusion, our study demonstrated that splenic volume is a
prognostic factor in patients with advanced or locally advanced
NSCLC who receive chemoradiotherapy. Excessive splenic
volume was associated with shorter OS and DFS. We discussed
the possible mechanisms, but further investigations are required,
such as exploration of the relationship between splenic volume
and other clinical characteristics. Furthermore, clinical stage,
COPD concomitant state, and ALC are independent prognostic
indicators for patients with advanced or locally advanced
NSCLC treated with chemoradiotherapy.
7. Data access statement

All relevant data are within the paper and its Supporting
Information files.
Author contributions

Conceptualization: Jianping Guo, Jiandong Zhang.
Data curation: Jianping Guo, Yajuan Lü, Chong Hao.
Formal analysis: Lei Wang, Xiaoyan Wang.
Funding acquisition: Jiandong Zhang.
Investigation: Luo Li, Congcong Wang.
Resources: Jianping Guo, Jiandong Zhang.
Software: Lei Wang, Xiaoyan Wang.
Supervision: Yajuan Lü.
Validation: Luo Li, Congcong Wang.
Visualization: Chong Hao.
Writing – original draft: Jianping Guo, jiandong Zhang.
Writing – review & editing: Jianping Guo, jiandong Zhang.
References

[1] Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and
mortality worldwide: sources, methods and major patterns in GLOBO-
CAN 2012. Int J Cancer 2015;136:E359–86.

http://www.md-journal.com


Guo et al. Medicine (2020) 99:49 Medicine
[2] Chadburn A. The spleen: anatomy and anatomical function. Semin
Hematol 2000;37:13–21.

[3] Lewis SM, Williams A, Eisenbarth SC. Structure-function of the immune
system in the spleen. Sci Immunol 2019;4:1–25.

[4] Smart RC, Ryan FP, Holdsworth CD, et al. Relationship between splenic
size and splenic function. Gut 1978;19:56–9.

[5] Mebius RE, Kraal G. Structure and function of the spleen. Nat Rev
Immunol 2005;5:606–16.

[6] Zuk M, Stoehr AM. Immune defense and host life history. Am Nat
2002;160:S9–22.

[7] de Porto AP, Lammers AJ, Bennink RJ, et al. Assessment of splenic
function. Eur J Clin Microbiol Infect Dis 2010;29:1465–73.

[8] Shi B, ZhuH, Liu YG, et al. Experimental studies and clinical experiences
on treatment of secondary hepersplenism with extracorporeal high-
intensity focused ultrasound. Ultrasound Med Biol 2012;38:1911–7.

[9] Yan ML, Wang YD, Lai ZD, et al. Pedunculated hepatocellular
carcinoma and splenic metastasis. World J Gastroenterol 2009;15:
5239–41.

[10] Urca I. Aneurysm of the splenic artery associated with primary
carcinoma of the liver and splenomegaly. Angiology 1971;22:470–6.

[11] Solsona Conillera J. Splenomegaly due tomiliary splenic tuberculosis and
hypertrophic alcoholic liver cirrhosis with jaundice. Med Cir Guerra
1954;16:313–6.

[12] Lin CH, Yu JC, Shih ML, et al. Littoral cell angioma of the spleen in a
patient with hepatocellular carcinoma. J Formos Med Assoc
2005;104:282–5.

[13] Fang JJ, Zhu ZY, Dong H, et al. Effect of spleen lymphocytes on the
splenomegaly in hepatocellular carcinoma-bearing mice. Biomed
Environ Sci 2014;27:17–26.

[14] Trowell OA. The sensitivity of lymphocytes to ionizing radiation. J
Pathol Bacteriol 1952;64:687–704.

[15] Chadha AS, Liu G, Chen HC, et al. Does unintentional splenic radiation
predict outcomes after pancreatic cancerradiation therapy? Int J Radiat
Oncol Biol Phys 2017;97:323–32.

[16] Saito T, Toya R, Yoshida N, et al. Spleen dose-volume parameters as a
predictor of treatment-related lymphopenia during definitive chemo-
radiotherapy for esophageal cancer. In Vivo 2018;32:1519–25.

[17] Sharp JG, Riches AC, Littlewood V, et al. The incidence, pathology and
transplantation of hepatomas in CBA mice. J Pathol 1976;119:211–20.

[18] Toge T, Kuroi K, Kuninobu H, et al. Role of the spleen in
immunosuppression of gastric cancer: predominance of suppressor
precursor and suppressor inducer T cells in the recirculating spleen cells.
Clin Exp Immunol 1988;74:409–12.

[19] Chen X, Ye J, Ye J. Analysis of peripheral blood lymphocyte subsets and
prognosis in patients with septic shock. Microbiol Immunol
2011;55:736–42.
8

[20] Zanetti M, Castiglioni P, Ingulli E. Principles of memory CD8 T-cells
generation in relation to protective immunity. Adv Exp Med Biol
2010;684:108–25.

[21] Mu J, Jeyanathan M, Shaler CR, et al. Respiratory mucosal immuniza-
tion with adenovirus gene transfer vector induces helper CD4 T cell-
independent protective immunity. J Gene Med 2010;12:693–704.

[22] Marshall JC, Charbonney E, Gonzalez PD. The immune system in critical
illness. Clin Chest Med 2008;29:605–16.

[23] Liu J, Zhao Q, Deng W, et al. Radiation-related lymphopenia is
associated with spleen irradiation dose during radiotherapy in patients
with hepatocellular carcinoma. Radiat Oncol 2017;12:90.

[24] Le Na NT, Duc Loc S, Minh Tri NL, et al. Nanomelanin potentially
protects the spleen from radiotherapy-associated damage and enhances
immunoactivity in tumor-bearing mice. Materials (Basel) 2019;12:

[25] Chen HY, Xie HY, Liu XX, et al. Splenic irradiation combined with
tumor irradiation promotes T cell infiltration in the tumor microenvi-
ronment and helps in tumor control. Biochem Biophys Res Commun
2019;510:156–62.

[26] Mantovani A, Allavena P, Sica A, et al. Cancer-related inflammation.
Nature 2008;454:436–44.

[27] Weissleder R, Pittet MJ. Imaging in the era of molecular oncology.
Nature 2008;452:580–9.

[28] Galdiero MR, Garlanda C, Jaillon S, et al. Tumor associated macro-
phages and neutrophils in tumor progression. J Cell Physiol
2013;228:1404–12.

[29] Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and
cancer. Cell 2010;140:883–99.

[30] Qian BZ, Pollard JW.Macrophage diversity enhances tumor progression
and metastasis. Cell 2010;141:39–51.

[31] DeNardo DG, Brennan DJ, Rexhepaj E, et al. Leukocyte complexity
predicts breast cancer survival and functionally regulates response to
chemotherapy. Cancer Discov 2011;1:54–67.

[32] Zhang BC, Gao J, Wang J, et al. Tumor-associated macrophages
infiltration is associated with peritumoral lymphangiogenesis and poor
prognosis in lung adenocarcinoma. Med Oncol 2011;28:1447–52.

[33] Steidl C, Lee T, Shah SP, et al. Tumor-associated macrophages and
survival in classic Hodgkin’s lymphoma.N Engl JMed 2010;362:875–85.

[34] Sawanobori Y, Ueha S, Kurachi M, et al. Chemokine-mediated rapid
turnover of myeloid-derived suppressor cells in tumor-bearing mice.
Blood 2008;111:5457–66.

[35] Movahedi K, Laoui D, Gysemans C, et al. Different tumor micro-
environments contain functionally distinct subsets of macrophages
derived from Ly6C(high) monocytes. Cancer Res 2010;70:5728–39.

[36] Cortez-Retamozo V, Etzrodt M, Newton A, et al. Origins of tumor-
associated macrophages and neutrophils. Proc Natl Acad Sci U S A
2012;109:2491–6.


	Excessive splenic volume is an unfavorable prognostic factor in patients with non-small cell lung cancer treated with chemoradiotherapy
	1 Introduction
	2 Materials and methods
	2.1 Study design and enrolled patients

	3 Data collection
	3.1 Splenic volume
	3.2 Clinical characteristics
	3.3 Follow-up
	3.4 Statistical analysis

	4 Results
	4.1 Patient characteristics
	4.2 Determination of cutoff values for splenic volume, ANC, ALC, AMC, RBC, and PLT
	4.3 OS and DFS according to splenic volume
	4.4 Univariate and multivariate analyses for OS and DFS

	5 Discussion
	6 Conclusions
	7 Data access statement
	Author contributions
	References


