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Abstract
Purpose: We conducted a systematic review and a retrospective study to investigate the relationship between spleen irradiation and

lymphocyte toxicity.

Methods and Materials: Forty-six patients diagnosed with locally advanced gastric, esophageal, and pancreatic cancer who underwent

radiation therapy were included in this study. The spleen was contoured for each patient. Volumes that received 5 up to 40 Gy (5 Gy

increments), minimum, mean, and maximum dose were considered along with lymphocyte count to determine toxicity. Comprehensive

and systematic literature searches were performed using PubMed, SCOPUS, Cochrane Central Databases, and Google Scholar.

Results: Literature review on spleen unintended irradiation and lymphocyte toxicity resulted in 408 patients from 5 studies. In our

study, univariate and multivariate linear regressions found an association between V15 (chemotherapy as controlling factor) and nadir

lymphocyte count (P = .04) and between DMAX and nadir lymphocyte count (P = .046). An increase of 1 Gy in mean splenic dose was

associated with a 1% decrease in absolute lymphocyte count at nadir.

Conclusions: Although there is no consensus regarding lymphopenia spleen dose volume threshold, all studies found that higher

splenic dose increases the risk of lymphopenia. Our study’s results suggest that spleen unintentional V15 and maximum dose

irradiation were associated with lymphopenia during chemoradiation therapy.
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Introduction external beam radiation therapy plays an essential role in
For upper abdominal tumors (eg, gastric, pancreatic,

lower esophagus), alongside surgery and chemotherapy,
the multidisciplinary treatment approach of the locally

advanced disease.1-3

Radiation affects tumoral cells as well as healthy sur-

rounding tissues, and the extent of damage depends on the

irradiation technique, treatment planning, and area of irradi-

ation. When the target volume includes upper abdominal or

lower thoracic structures, then liver, lung, intestinal, heart,

gastric, and bone marrow toxicities might be expected.

Although concurrent chemotherapy increases radiation

response,4 hematologic toxicity might occur more
e
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frequently, associating leukopenia, thrombocytopenia, and

neutropenia.5-7 These side effects might delay the treatment,

which is associated with a decreased overall survival.8

Unlike for lower abdomen tumors, where bone mar-

row irradiation is linked to a negative prognosis,9-12 for

upper abdominal/lower chest irradiation, although not

routinely contoured, the spleen suffers damage, largely to

an unknown extent. The spleen plays an important part in

the immune system as the site for T cell activation and B

lymphocyte reactions. This further leads to antibody pro-

duction and adaptive immune response initiation, com-

bining in a particular manner the innate and adaptive

immune systems.13 In another manner, tumor infiltrating

lymphocytes might be an indicator of tumor prognosis,14

and more information on how lymphocytes affect treat-

ment response is needed.

The spleen is not considered as an organ at risk (OAR)

in radiation therapy and is not routinely delineated, and

this is probably because there are a lack of data regarding

the hematological effect regarding spleen irradiation.15

Our study’s main objective was to identify if spleen

radiation exposure dose can be associated with nadir

lymphocyte count during radiation therapy in patients.

Apart from previous studies, we selected a more diverse

array of tumors to obtain more variability in spleen

toxicity.
Methods and Materials
All procedures were performed in accordance with the

ethical standards in the 1964 Declaration of Helsinki and
Table 1 Patient characteristics

Patient characteristics Features

Total number of patients

Sex Male

Female

Age Years

Diagnosis Esophagus

Esogastric junction

Gastric

Pancreatic

Stage I-III

IV

Treatment characteristics

Chemotherapy

Total

Platinum salts (CBDA/CDDP/O

5FU/Cape

Taxanes (PTX)

Other

Radiation therapy Total dose

Dose/fraction

Number of fractions

Abbreviations: 5FU = 5 fluorouracil; Cape = capecitabine; CBDA = carbopla
its later amendments. Informed consent was obtained

from all patients included in the study.
Literature review

We conducted a systematic search of PubMed, SCO-

PUS, Cochrane Central Databases, and Google Scholar

databases to identify studies that focused on spleen unin-

tended irradiation. Published articles were identified by

using database-specific search engines on “spleen” AND

“irradiation.” Titles and abstracts screened for data

“unintended OR lymphopenia AND unintentional OR

lymphopenia AND radiation therapy OR lymphopenia

AND/OR chemoradiation” were collated.
Patient population and treatment planning

Our study population included patients diagnosed with

locally advanced gastric, lower third esophageal, and

pancreatic cancer that underwent radiation therapy

between January 2015 and July 2020 as part of their treat-

ment. Patient population characteristics are presented in

Table 1. Considering that our study followed spleen radi-

ation dose and lymphocyte count relationship, we

excluded patients undergoing fewer than 10 radiation

therapy fractions and patients with initial hematologic

parameters outside normal range. Also, patients undergo-

ing altered fractionation schedules of radiation therapy

were excluded. Forty-six out of 69 consecutive patients

were eligible for this study following patient population

stratification based on exclusion criteria.
n (%) or median (range)

46

39

7

67 (44-83)

17 (37)

12 (26)

13 (28)

4 (9)

45 (98)

1 (2)

Sequential Concomitant

30 (65) 16 (34)

X) 24 9

15 8

7 5

4 0

45 (25-56.6) Gy

1.8 Gy

25 (16-25)

tin; CDDP = cisplatin; OX = oxaliplatin; PTX = paclitaxel.
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Radiation treatment was delivered using the 3-dimen-

sional conformal radiotherapy technique up to a total

dose of 45 to 50.4 Gy, using a conventional fractionation

regimen. Concurrent chemotherapy was used as summa-

rized in Table 1. For OAR the dose restrictions used were

according to Quantitative Analyses of Normal Tissue

Effects in the Clinic recommendations.16

In our institution the spleen is not contoured as an

OAR, therefore we delineated it after radiation therapy

ending on the patients’ treatment plans. The spleen was

delineated on the radiation therapy planning computed

tomography scan using 3-mm slides. Subsequently, the fol-

lowing dosimetric parameters were extracted from the

resulting spleen dose-volume histogram (DVH): minimum

dose (DMIN), maximum dose (DMAX), mean dose

(DMEAN), and V5 up to V40 in 5 Gy increments for

spleen. For DVH extraction we used Eclipse version 9 and

for data processing of each DVH we used RStudio with

libraries "tidyverse," "ggplot2," and "DVH metrics."17
Laboratory data

As per institutional treatment protocol, blood tests,

including complete blood count (CBC), were done before

and weekly during treatment. From patients’ lab test

results we extracted white blood cell count, absolute neu-

trophil count, hemoglobin, platelet count, and lympho-

cyte count (LYM). Pretreatment initial CBC results were

used as the baseline. The LYM nadir values were then

registered along with the week of occurrence and graded

according to Common Terminology Criteria for Adverse

Events v5.0. For CBC extraction we used Python 3.18
Statistical analysis

Statistical analysis LYM parameter was compared

with baseline while the week of occurrence was
Table 2 Dosimetric parameters and level 2 lymphocyte toxicity

Spleen dosimetry DMAX

DMEAN

DMIN

V10 Gy

V15 Gy

V20 Gy

V25 Gy

V30 Gy

V35 Gy

V40 Gy

Lymphocyte toxicity

<2 (0.8-0.5 £ 10e9/L)

>=2 (<0.5 £ 10e9/L)

Abbreviations: DMAX = maximum dose; DMEAN = mean dose; DMIN = minim
registered. Univariate and multivariate linear regressions

were used to verify if any link could be found between

nadir value (toxicity) and increasing dosimetric values,

depending on the use of chemotherapy. Toxicity was

graded using Common Terminology Criteria for Adverse

Events 5.0 system. For data analysis we used RStudio,19

and 1-way analysis of variance test was used by grouping

nadir lymphocyte toxicity with or without chemotherapy

with DMAX, DMEAN values.
Results
Literature review on spleen unintended irradiation and

lymphocyte toxicity resulted in 408 patients from 5 stud-

ies, as summarized in Table 2.

In our study, after patient population stratification

according to exclusion criteria, 46 patients remained.

The median age at time of radiation therapy was

66 years. Regarding tumor location, 17 patients were

diagnosed with lower esophageal cancer, 12 with eso-

gastric junction cancer, and 13 with gastric cancer.

Forty-five (97%) patients enrolled in this study were

patients with locally advanced stage I-III cancer.

Regarding chemotherapy, 66% of the patients under-

went sequential chemoradiation therapy, while 34%

underwent concurrent chemoradiation therapy. Radia-

tion therapy was administered with a conventional frac-

tionation regimen, using 1.8 Gy/fraction, up to a

median total dose of 45 Gy (25-56.5 Gy).

All dosimetric parameter testing results are presented

in Table 2. These data highlight V40, which was

increased in 26 patients, with means of 72%, 34%, and

10%. Figure 1 encompasses a cumulative distribution of

DMEAN with 1 and 2 standard deviations for all patients.

Grade 2 or higher lymphocyte toxicity was found in 32

patients (69%). Mean nadir lymphocyte count (NLC) was

0.4 £ 109/L (range, 0.06-0.93 £ 109/L).
43.74 Gy (0.5-53)

14.4 (22.5-37.14)

0.9 (0-19.6)

72 (0-100)

44 (0-100)

34 (0-99.9)

23.72 (0-98.4)

10 (0-92.7)

4.35 (0-51.6)

1 (0-37.1)

14 (30)

32 (70)

um dose; VxGy = volume that received £ Gy.



Figure 1 Spleen mean dose cumulative dose distribution with first 2 standard deviations
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Using linear modeling with NLC value as a response

to DMAX, DMEAN, DMIN, or V15 Gy and chemotherapy

administration, a weak but significant statistical associa-

tion was found between DMAX and NLC (P = .046 for

DMAX, r-squared = 0.11). In the linear model chemother-

apy administration, no statistical significance was

observed (P = .3). In a similar manner, a weak association

was found between NLC and V15 Gy (P = .04; r2 = 0.07),

whereas the addition of chemotherapy administration did

not produce a statistically significant association

(P = .087). An increase in mean dose by 1 Gy resulted in

a 1% decrease of NLC, although the result was not statis-

tically significant (P = .052).

We also tested the existence of a relationship between

the moment of chemotherapy use, sequential or concur-

rent, DMEAN, and NLC, but no such connection was

found using multivariable regression (sequential chemo-

therapy P = .4, concomitant chemotherapy P = .38, mean

dose P = .082).
Using logistic regression, V15, V20, DMEAN, and

DMEAN (controlling for chemotherapy) were not found to

be associated with lymphocyte toxicity (odds ratio,

1.021; P = .54). Splitting DMEAN and DMAX dosimetric

parameters to values less than or greater than their corre-

sponding means (mean DMAX = 43.4 Gy, mean

DMEAN = 14.4 Gy) and all these as groups along with che-

motherapy status, no significant differences were found

on 1-way analysis of variance between the groups regard-

ing NLC (P = .08 for DMAX group, P = .07 for DMEAN

group).
Discussion
Our literature review found that, before 2015 most stud-

ies20-22 evaluated intentional and therapeutic irradiation of

the spleen. Later, although modest regarding patient
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population, spleen unintended irradiation became a new

and emerging field of research, as summarized in Table 3.

In 2015, the first study considering the spleen as an

OAR was conducted by Trip et al15 evaluating retrospec-

tively the effect of radiation-induced dose-dependent

changes of the spleen after chemoradiation therapy. The

study population included 46 patients with gastric cancer

who underwent postoperative chemoradiation therapy. The

mean total external beam radiation therapy dose was 45

Gy using a conventional fractionation regimen while con-

current capecitabine and cisplatin were administered. The

mean radiation dose to the spleen was 40 Gy. This study

was also the first to demonstrate a radiation−dose effect

relationship to the spleen and the blood-cell count. This is

supported by the fact that 4 years following splenic irradia-

tion the spleen volume was reduced to one-third, while the

average leukocyte count was significantly higher than

baseline. In this study, spleen volume reduction was a

result of splenic hilum irradiation, which further leads to

vascular side effects. The authors concluded that the

threshold for spleen radiation exposure was 12 Gy.

It is known that radiation therapy has both immune-

stimulating and immune-suppressive effects. The radia-

tion immune-suppressive effect has been linked to bone

marrow suppression and circulating lymphocyte deple-

tion. Based on this hypothesis, the first study evaluating a

link between spleen radiation exposure and lymphocyte

count was from Chadha et al.23 This is also one of the

largest patient population trials, encompassing 177

patients with pancreatic adenocarcinoma, which evalu-

ated the hematological effect of spleen radiation expo-

sure. All patients enrolled in this study underwent

induction chemotherapy, followed by concurrent chemo-

radiation therapy. According to the results, postchemora-

diation therapy lymphopenia was independent of the

chemotherapy regimen used and could be predicted by

baseline and after induction chemotherapy lymphocyte

values. The authors found that the risk of severe lympho-

penia increases proportional to the medium spleen dose

and to the fractional volume of spleen receiving low radi-

ation doses (V10, V20). The medium spleen dose and

splenic dose-volume thresholds for lymphopenia to

develop were 9 Gy and V15 of 20%, respectively.

In Liu et al’s24 study, a correlation between spleen

irradiation and peripheral blood lymphocytes was investi-

gated for 59 patients with hepatocellular carcinoma.

Chemotherapy was used only for transarterial chemoem-

bolization. Owing to its curative intent, radiation therapy

was administered up to 60 Gy. The study identified a sig-

nificant correlation between spleen irradiation dose and

peripheral lymphocyte decrease during radiation therapy.

The only independent parameter associated with a

decrease in absolute lymphocyte count was V5; therefore,

the authors concluded that in order to avoid decreasing

the peripheral lymphocyte count the spleen low-dose area

should be radiation spared.
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In 2018, 2 studies25,26 evaluated the effect of spleen

irradiation for patients with esophageal cancer undergo-

ing radiation therapy. Saito et al. performed a retrospec-

tive study on 61 patients with esophageal cancer

undergoing definitive chemoradiation therapy. Using

multivariable linear regression, V5, V10, V20, V30, and

medium spleen dose were analyzed separately and were

linked to lymphocyte count. Although an important draw-

back of this study is that lab tests were not always avail-

able during chemoradiation therapy, this is the first study

to report the relationship between the mean splenic dose

and lymphocyte count. Although from the multivariate

analysis an increase of 1 Gy in mean splenic dose pre-

dicted a 2.9% decrease in absolute lymphocyte count at

nadir, the univariable logistic regression analysis found

the mean splenic dose to be a significant predictor of

grade 4 lymphopenia. In another study, Chin et al26

included 21 esophagus and gastroesophageal junction

patients and evaluated dosimetric and volumetric param-

eters for spleen, thoracic spine, and posterior ribs.

Although the study also included metastatic patients, no

data regarding the use of chemotherapy prior to radiation

therapy are available. This is the first study to report the

radiation technique used and the use of simultaneous inte-

grated boost. The authors found that hematological toxic-

ity decreases with the increase in the mean spleen

radiation dose and that initial splenic volume, before radi-

ation therapy, was a predictor of an increase of the hema-

tological toxicity.

Compared with the previous data, our study is the only

to include a patient population with different tumor loca-

tions: esophageal, esogastric junction, pancreatic, and gas-

tric. All our patients underwent 3-dimensional conformal

radiation therapy, therefore, unlike the study of Liu et al,24

no patients with hepatocellular carcinoma were included in

our study. Similar to the Trip et al study,15 we also

included patients with metastatic cancer. Mean spleen dose

in our study was 14.4 Gy compared with 6.8 Gy in the

Chadha et al study23 and 23.1 Gy in the Chin et al study.26

Our study evaluated general hematologic parameters,

all grades, but lymphocyte toxicity was the main objec-

tive of our study. Compared with the study of Chin

et al,26 where grade 3 leukopenia was reported in 85% of

the patients, in our study only 24% of the patients experi-

enced this side effect. This is probably owing to the use

of curative radiation doses up to 59 Gy and simultaneous

integrated boost in the study of Chin et al,26 whereas in

our study, most patients underwent pre/postoperative

radiation therapy with total doses up to 45 Gy using stan-

dard fractionation schedules.

In Trip et al’s study, probably owing to the 4-year fol-

low-up period, the authors reported a significant effect of

chemotherapy use on CBC, especially for the thrombo-

cyte count. Alongside the studies of Chin et al26 and

Chadha et al,23 in our study, chemotherapy was not a pre-

dictive factor for hematological toxicity.
As in the studies of Chin et al,26 Chadha et al,23 and

Dailey et al,22 the splenic volume is an important parame-

ter to be monitored because it can be used as an indepen-

dent predictor of lymphocyte count. However, due to a

lack of posttherapeutic follow-up data, splenic volume

was not evaluated in our study. Also, another limitation

of our study was that due to the increased number of

deaths among patients enrolled in this study, no associa-

tion between treatment-related lymphopenia and survival

could be evaluated.
Conclusions
Spleen is not routinely considered an OAR; therefore,

there are a lack of data regarding radiation and the dose-

effect relationship to the spleen. A decrease in lympho-

cyte count has been associated with an increase in inci-

dence of infectious events and, in the current

international context of the severe acute respiratory syn-

drome coronavirus-2 pandemic, more attention should be

given to the spleen, especially for oncological patients

undergoing radiation therapy.

According to previously published data, independent

of its value, Mean spleen dose is associated with a

decrease in lymphocyte count. After this literature review

we can observe that there is no consensus regarding dosi-

metric parameters proposed as lymphopenia spleen dose-

volume thresholds. However, what is unanimously

accepted is that an increase in spleen exposure to higher

doses leads to a decrease in volume.

Our study is the first to address spleen as an OAR in a

heterogeneous cancer patient population. From its find-

ings, alongside previously published data, we can con-

clude that an increase of 1 Gy of the mean spleen dose

might generate a decrease in NLC of 1%, although more

patients would be needed to obtain statistical signifi-

cance.

All these data support the recommendation of delin-

eating the spleen as an OAR. However, more data from

studies assessing lymphocyte toxicity in patients who

have undergone spleen sparing during radiation therapy

are needed.
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