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A B S T R A C T

Background : Spleen being in close proximity to radiation field in patients of gastric and gastroesophageal
carcinomas treated with radiotherapy will inadvertently receive a part of the dose. The purpose of this study
was to determine the impact of radiation dose and fractional volume of irradiated spleen in the setting of
chemoradiation therapy for gastric and gastroesophageal junctional cancers on haematologic toxicity.
Materials and Methods: 40 patients with gastric and gastroesophageal junctional cancers who received
concurrent chemoradiation were retrospectively analysed in the Department of Radiation oncology, Father
Muller Medical College. Splenic dose-volume histogram (DVH) parameters were calculated as mean
splenic dose (MSD) and percentage of splenic volume receiving 10 Gy (V10), 20 Gy (V20), 30 Gy (V30)
and 40 Gy (V40) dose and correlated with clinical blood parameters.Mean, percentage, standard deviation
and Student paired t-test were used to analyse the results.
Results: All the patients experienced haematological toxicities, including 7 patients with grade 3
leukopenia and 3 had grade 4 leukopenia, 19 with grade 2 thrombocytopenia and 4 had grade 3
thrombocytopenia, 28 with both leukopenia and lymphopenia. Mean dose to the spleen was 32 Gy (range
27–37). Higher spleen V10-V40 was correlated with leukopenia, lymphopenia and thrombocytopenia.
Conclusion: This dosimetric study demonstrates that splenic radiation was correlated with haematological
toxicities, however role of chemotherapy as cause for toxicity could not be assessed as separate variable
in this study. Future clinical correlational studies are needed to significantly determine the splenic dose
contraints.
Key Messages: Radiation therapy for gastric and gastroesophageal carcinoma leads to significant dose to
spleen causing an impact in acute haematological toxicities.

© This is an open access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

1. Introduction

In upper abdominal malignancies, the use of concurrent
chemoradiation has become a standard treatment option,
either adjuvant to surgery or as a definitive treatment.
Using radiation therapy comes with the risk of side effects
and treatment planning with three dimensional or intensity
modulated radiation therapy technique plays an important
role in minimizing injury to organs at risk within or near
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the target volume. Current treatment planning protocols
evaluate dose to the heart, lung, liver, spinal cord, small
bowel, and kidneys.

However, to our knowledge there are not many reports
on the radiation dose received by the spleen or the
potential sequelae to upper abdominal irradiation. The
spleen being an hematopoietic organ, not only helps
in a blood pathogen elimination and senile red blood-
cell destructionbut also in extramedullary hematopoiesis.
The spleen plays a significant role in innate and
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adaptive immunity. Hyposplenism or splenectomy generally
increases the future risk of infection or sepsis.1–3

No study quantifies splenic radiation dose in the
treatment of upper abdominal malignancies and no
guidelines exist on the use of pneumococcal vaccination
for patients having functional hyposplenism after receiving
chemoradiation although it is a possibility.

The purpose of this study was to determine the impact
of radiation dose and fractional volume of irradiated
spleen in the setting of chemoradiation therapy for gastric
and gastroesophageal junctional cancers on hematological
toxicity.

2. Materials and Methods

A retrospective dosimetric study of 40 histologically proven
squamous cell and adeno carcinoma with American joint
committee on cancer staging criteria (AJCC) stage II,
stage III gastric and gastroesophageal junctional cancers
patients treated at the Department of Radiotherapy, Father
Muller Medical College, Mangalore were considered
after institution ethical clearance and patient participation
consent.

The patients were immobilized in supine position with
both arms raised and forearms kept under the head to
avoid the arms coming in the radiation field. All patients
underwent a planning CT with proper chest immobilization
using all in one (AIO) carbon fiber base plate. During the
CT scan, the flat AIO was placed over a curved CT Couch
with the fiducial markers on single plane to fix the reference
origin to simulate the treatment parameters. The 16 slice
CT scan with 85 cm bore size was used. The Gross tumour
volume (GTV) was delineated taking into consideration the
endoscopy findings and the diagnostic CT scan images.
Clinical target volume (CTV) was delineated to account
for microscopic spread of disease covering the lymph node
draining areas according to the tumour site. Planning target
volume (PTV) of 0.5cm margin around CTV was considered
as per institution protocol to account for movement and
uncertainty in target delineation.

The spleen was contoured for each patient, and its
corresponding dosimetry was calculated. Splenic dose-
volume histogram (DVH) parameters were calculated as
mean splenic dose (MSD) and percentage of splenic volume
receiving 10 Gy (V10), 20 Gy (V20), 30 Gy (V30) and
40 Gy (V40) dose. Blood samples were obtained by
venipuncture and were collected 0–3 days before the start
of radiation therapy (RT), again once a week during RT
and after RT (upto 3 months) to quantify the leukocytes,
platelets and lymphocytes. Changes in the blood counts
and minimum absolute lymphocyte count (ALCs) during
RT were evaluated. The decrease in lymphocytes was
quantified by the difference between the baseline values of
the absolute peripheral lymphocyte before RT and the Min
ALC during RT. All the hematological toxicity were graded

as per common toxicity criteria (CTC) version 2.0, Cancer
Therapy Evaluation Program (CTEP).4,5

2.1. Statistical analysis

The data was entered in the computer using the MS office
excel sheet for statistical analysis. The mean along with
standard deviation (SD) was calculated for each parameter.
Student paired t test has been applied to find the significance
of study parameters and to analyze the difference and
level of significance between the splenic dose and the
hematological toxicities. The results were also expressed
in Percentage, Proportion, Mean and SD (Min-Max). The
difference was considered significant if p value was less than
0.05. All calculations were done with SPSS version 19.

3. Results

The patient and tumour characteristics included in this study
are listed in Table 1. The treatment characteristics of all the
patients in the study are listed in Table 2.

For each patient, the minimum, mean and maximum
splenic dose (Dmin, Dmean, Dmax) were recorded. To
estimate dose-volume relationships to correlate with clinical
hyposplenism, dose-volume at 10 Gy intervals were
quantified. Dmean to the spleen was 32 Gy (range 27–37).
Higher spleen V10-V40 was correlated with leukopenia,
lymphopenia and thrombocytopenia. (Table 3)

All the patients experienced hematological toxicities
(Table 4Figure 1), including

1. 7 Patients had grade 3 leukopenia and 3 had grade 4
leukopenia,

2. 19 had grade 2 thrombocytopenia, 4 had grade 3
thrombocytopenia and none of the patients had grade
4 thrombocytopenia.

3. 12 Had grade 3 lymphopenia and 6 had grade 4
lymphopenia.

4. Overall 28 patients had ≥ grade 3 toxicity of both
leukopenia and lymphopenia.

All the haematological toxicities appeared to increase along
with the course of radiation therapy with a maximum
increase appearing at 5thweek. Lymphopenia appeared
to be more significant compared to leucopenia and
thrombocytopenia (Figure 2). On follow-up, 12 (30%)
patients were alive. 19 patients survived less than1-
year.Median post-chemoradiation absolute lymphocyte
count (620 cells/UL) was significantly lower than pre-
chemoradiation absolute lymphocyte count (1460 cells/UL).
The lymphocyte drop was found to be more evident
than leukocyte and thrombocyte drop, as lymphocytes
are more radiosensitive. Median V20, V30 and V40
were significantly higher in patients with leukopenia and
thrombocytopenia compared to those without. Dose volume
parameters of the spleen showed the highest correlation
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with several toxicities like vomiting, anorexia, dehydration,
hematological toxicity, fatigue, combined gastro-intestinal
toxicity.

Correlation between Minimum absolute peripheral
lymphocyte count (ALC) and spleen dosimetric variables
were calculated. The peripheral blood lymphocytes
decreased during radiation (from 1557.50 to 318.82
cells/µL)(Table 5). Spleen dosimetric variables, including
the MSD, V20, V30 and V40, were significant factors
correlated with the decrease in lymphocytes. Patients whose
V30< 30% and V40< 20% performed better than those
whose DVH was higher.

Table 1: Patient andtumor characteristics

CharacteristicsType N (%)
1.Age
(years)

Median 55
Range 25 - 77

2.Gender Male 27 67.5%
Female 13 32.5%

3.Tumor
site

Stomach 25 62.5%
GEJ 12 30%
Stomach + GEJ 3 7%

4.Histology
Adenocarcinoma
(mucinous/signet
ring/medullary
variant)

25 62.5%

Squamous cell ca 14 35%
Both 1 2.5%

5. Grade
Well differentiated 14 35%
Moderately
differentiated

15 37.5%

Poorly differentiated 11 27.5%

6.Staging

T 1 3 7
T 2 11 27.5
T 3 19 47.5
T 4 8 20
N 0 5 12.5
N 1 17 42.5
N 2 10 25
N 3 9 22.5

4. Discussion

The immune system plays an important role in cancer
suppression and cancer prognosis. The effect of ionizing
radiation therapy can lead to apoptosis of circulating
lymphocytes, which lowers the antitumor effect of the
immune response. Lymphocytes, being an effector cells in
antitumor immunity, recognize and kill cancer cells and
release cytokines to activate the host immune system.4,6

Chadha et al have demonstrated that peripheral lymphocytes
tend to decrease during the course of radiation therapy (RT)
because of their high radiation sensitivity.7

Traditionally the spleen is an ignored organ in
radiotherapy, it recently has raised some interest with the
onset of radio-immunotherapy. The minimum value of

Table 2: Treatment characteristics

No of
patients

%

NACT (8)

EOX (3 OR 4 cycles) 2

20%ECF 1
5FU+Cisplatin 2
Cisplatin + paclitaxel 3

Surgery
(31)

Subtotal gastrectomy Lap-
6/radical-

12 =
18

77.5%

Near total gastrectomy 3
Total gastrectomy 7
Transhiatal
oesophagectomy

2

Ivor lewis 1

Radiotherapy
schedule

Adjuvant -45Gy/25# 18

100%50.4Gy/28# 14
54Gy/30# 2
Definitive – 54Gy/27# 6

Concurrent
chemo

Capecitabine 24 60%
Cisplatin 8 20%
5FU + LV 2 5%
Paclitaxel+cisplatin 6 15%

Radiation
technique

3DCRT 26 65%
IMRT 14 35%

Table 3: Spleendosimetry

Median Range
Spleen volume(cc) 156.35 87-299.4
D min (Gy) 8.8 Gy 1.8-16.1
D max(Gy) 39Gy 29.6-48.5
D mean(Gy) 32.3Gy 27-37.6
DVH V10 66.35% 32.7-100
V20 52.65% 30.7-94.9
V30 48.05% 21.3-74.8
V40 24.04% 11.7-36.4

Fig. 1: Haematological toxicities
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Table 4: Hematological toxicities

Normal range Grade 1 Grade 2 Grade 3 Grade 4
Anemia (Hb) g% 11-14 29 11 - -
Leukopenia (TLC) cells/dl >4000-11,000 17 13 7 3
Lymphopenia <1500 8 14 12 6
\Thrombocytopenia (lakhs/dl) 1.5-5 17 19 4 -

Table 5: Minimum absolute lymphocytes (Min ALC) with mean dose to splenic irradiated volume( V10, V20, V30, V40- Volume of
spleen receiving 10 Gy, 20Gy, 30Gy and 40Gy respectively)

Weekly cumulative splenic dose Minimum absolute peripheral lymphocyte count (ALC) cells/UL
V10 756
V20 555
V30 468
V40 408

Fig. 2: Weekly toxicities during radiation therapy

absolute peripheral lymphocyte counts during RT treatment
(Min ALC) has been proven to be a prognostic factor for
tumour recurrence and overall survival in various cancers.8,9

In a study, by Liu et al, they verified the value of Min
ALC in predicting survival in hepatocellular carcinoma
(HCC) patients.10–12 Splenic damage may occur even at
low radiation doses because of its exquisite radiosensitivity,
resulting in transient reduction in platelet counts.13,14 Many
peripheral blood lymphocytes pass through the spleen daily,
and changes in the function of the spleen affects the counts
of the lymphocytes in peripheral blood. Hence it was
hypothesized that a radiation dose to the spleen would
reduce the counts of peripheral blood lymphocytes.

The spleen irradiation dose observed had significantly
correlated with a lower Min ALC during RT. Thus, splenic
irradiation may contribute acutely to thrombocytopenia
or pancytopenia in patients receiving concurrent
chemoradiation and chronic splenic dysfunction may
increase the risk of sepsis or pneumococcal pneumonia.15,16

Therefore, the maximum sparing for spleen irradiation
during RT is recommended to preserve peripheral blood
lymphocytes, which may decrease immunosuppression.
Furthermore, we identified the predictive cutoff value of
spleen dosimetric variables for the Min ALC to identify the
spleen dosimetric constraints for clinical practice.

If a higher risk of toxicity exists, it may be
worthwhile to consider pneumococcal vaccination prior
to chemoradiation. In Hodgkin’s disease, pneumococcal

vaccination is increasingly a routine for patients after
splenectomy to avoid infection or sepsis.17,18 For
gastrointestinal malignancies, we do not recommend
routine vaccination but our data suggest it is worth further
investigation to determine whether the spleen should be
considered an organ at risk in patients receiving upper
abdominal radiation therapy.

Our dosimetric study demonstrates that splenic
radiation within a clinically relevant range (27-37 Gy)
as measured, could lead to organ dysfunction. Future
clinical correlational studies are needed to significantly
determine splenic dose constraints5 and whether gastric
and esophageal cancer patients have an elevated risk of
pneumonia or sepsis after radiation therapy.

Limitations of our study was the role of chemotherapy
as a cause for toxicity could not be assessed as a separate
variable in this study and is therefore a major confounding
factor, but radiation volume of spleen correlated with the
severity of hematological toxicities. Use of varied target
volumes, radiation doses and different radiation therapy
techniques in the treatment are an another limitation of this
study.

5. Conclusion

In chemoradiotherapy for gastric cancer and
gastroesophageal junctional cancers, the spleen receives a
high radiation dose. This results in a progressive, radiation
dose-dependent hematological toxicity. Higher splenic
doses increase the risk of developing severe post-radiation
lymphopenia and thrombocytopenia. When clinically
indicated, assessment of splenic DVHs prior to acceptance
of treatment plans may minimize the risk of hematological
toxicity. Future similar studies may help in framing dose
constraint guidelines for splenic irradiation.

6. Acknowledgement

None.



Shankar et al. / IP Journal of Diagnostic Pathology and Oncology 2020;5(4):381–385 385

7. Source of Funding

No financial support was received for the work within this
manuscript.

8. Conflict of Interest

The authors declare they have no conflict of interest.

References
1. Kawai O, Ishii G, Kubota K, Murata Y, Naito Y, Mizuno T,

et al. Predominant infiltration of macrophages and CD8+T Cells
in cancer nests is a significant predictor of survival in stage IV
nonsmall cell lung cancer. Cancer: Interdiscip Int J Am Cancer Soc.
2008;113(6):1387–95. doi:10.1002/cncr.23712.

2. Zhang L, Conejo-Garcia JR, Katsaros D, Gimotty PA, Massobrio M,
Regnani G, et al. Intratumoral T Cells, Recurrence, and Survival
in Epithelial Ovarian Cancer. N Engl J Med. 2003;348(3):203–13.
doi:10.1056/nejmoa020177.

3. Cho Y, Miyamoto M, Kato K, Fukunaga A, Shichinohe T, Kawarada
Y, et al. CD4+ and CD8+ T cells cooperate to improve prognosis
of patients with esophageal squamous cell carcinoma. Cancer Res.
2003;63(7):1555–9.

4. Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD. Cancer
immunoediting: from immunosurveillance to tumor escape. Nat
Immunol. 2002;3(11):991–8. doi:10.1038/ni1102-991.

5. Katz MS, McKee AB, MacDonald BA, Sirois L, Gagne FM, Knab BR,
et al. Splenic Dose with Abdominal Radiation Therapy: A Quantitative
Dosimetric Study . 2020;.

6. Vesely MD, Kershaw MH, Schreiber RD, Smyth MJ. Natural Innate
and Adaptive Immunity to Cancer. Ann Rev Immunol. 2011;29:235–
71. doi:10.1146/annurev-immunol-031210-101324.

7. Chadha AS, Liu G, Hsiang-Chun C, Das P, Minsky BD, Mahmood
U, et al. Does Unintentional Splenic Radiation Predict Outcomes
After Pancreatic Cancer Radiation Therapy? Int J Radiat Oncol Biol
Physics. 2017;97(2):323–32. doi:10.1016/j.ijrobp.2016.10.046.

8. Wild AT, Ye X, Ellsworth SG, Smith JA, Narang AK, Garg T,
et al. The Association Between Chemoradiation-related Lymphopenia
and Clinical Outcomes in Patients With Locally Advanced
Pancreatic Adenocarcinoma. Am J Clin Oncol. 2015;38(3):259–65.
doi:10.1097/coc.0b013e3182940ff9.

9. Balmanoukian A, Ye X, Herman J, Laheru D, Grossman SA.
The Association Between Treatment-Related Lymphopenia
and Survival in Newly Diagnosed Patients with Resected
Adenocarcinoma of the Pancreas. Cancer Investig. 2012;30(8):571–6.
doi:10.3109/07357907.2012.700987.

10. Wang S, Zhao J, Li X, Yang S, Wang X, Liu Y, et al.. Numerical
simulations on effects of ionic / nonionic surfactant on oil-water
interface using dissipative particle dynamics. Wiley; 2017. Available
from: https://dx.doi.org/10.1002/apj.2070. doi:10.1002/apj.2070.

11. Cho O, Young-Taek O, Chun M, Noh OK, Hyun-Woo L. Radiation-
related lymphopenia as a new prognostic factor in limited-stage small
cell lung cancer. Tumor Biol. 2016;37(1):971–8. doi:10.1007/s13277-
015-3888-y.

12. Zhao QQ, Xu XX, Yue JB, Zhu KL, Feng R, Jiang SM, et al.
Minimum absolute lymphocyte counts during radiation are associated
with a worse prognosis in patients with unresectable hepatocellular
carcinoma. Therap Adv Gastroenterol. 2017;10:231–41.

13. Trip AK, Sikorska K, Sandick JW, Heeg M, Cats A, Boot H, et al.
Radiation-induced dose-dependent changes of the spleen following
postoperative chemoradiotherapy for gastric cancer. Radiother Oncol.
2015;116(2):239–44. doi:10.1016/j.radonc.2015.07.036.

14. Dailey MO, Coleman CN, Fajardo LF. Splenic injury caused
by therapeutic irradiation. Am J Surg Pathol. 1981;5:325–31.
doi:10.1097/00000478-198106000-00002.

15. Sabatino AD, Carsetti R, Corazza GR. Post-splenectomy and
hyposplenic states. Lancet. 2011;378:86–97. doi:10.1016/s0140-
6736(10)61493-6.

16. Styrt B. Infection associated with asplenia: risks, mechanisms, and
prevention. Am J Med. 1990;88:33–42.

17. Coleman CN, Mcdougall IR, Dailey MO, Bush AP, Kaplan HS.
Functional hyposplenia after splenic irradiation for Hodgkin’s disease.
Ann Int Med. 1982;96:44–7.

18. Dailey MO, Coleman CN, Kaplan HS. Radiation-Induced
Splenic Atrophy in Patients with Hodgkin’s Disease and Non-
Hodgkin’s Lymphomas. N Engl J Med. 1980;302(4):215–7.
doi:10.1056/nejm198001243020406.

Author biography

Sharaschandra Shankar, Assistant Professor

Hepsiba Priyadarshini, Resident

Donald Fernandes, Professor

Athiyamaan M S, Associate Professor

Sandesh Rao B, Assistant Professor

Sridhar C H, Medical Physicist

Cite this article: Shankar S, Priyadarshini H, Fernandes D,
Athiyamaan M S, Rao B S, Sridhar C H. The Impact of splenic
irradiation during chemoradiation for Gastric and Gastroesophageal
junctional cancers in the development of acute hematological toxicity.
IP J Diagn Pathol Oncol 2020;5(4):381-385.

http://dx.doi.org/10.1002/cncr.23712
http://dx.doi.org/10.1056/nejmoa020177
http://dx.doi.org/10.1038/ni1102-991
http://dx.doi.org/10.1146/annurev-immunol-031210-101324
http://dx.doi.org/10.1016/j.ijrobp.2016.10.046
http://dx.doi.org/10.1097/coc.0b013e3182940ff9
http://dx.doi.org/10.3109/07357907.2012.700987
https://dx.doi.org/10.1002/apj.2070
http://dx.doi.org/10.1002/apj.2070
http://dx.doi.org/10.1007/s13277-015-3888-y
http://dx.doi.org/10.1007/s13277-015-3888-y
http://dx.doi.org/10.1016/j.radonc.2015.07.036
http://dx.doi.org/10.1097/00000478-198106000-00002
http://dx.doi.org/10.1016/s0140-6736(10)61493-6
http://dx.doi.org/10.1016/s0140-6736(10)61493-6
http://dx.doi.org/10.1056/nejm198001243020406

	Introduction
	Materials and Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgement
	Source of Funding
	Conflict of Interest

