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Abstract. Splenomegaly severely compromises the quality 
of life of those affected. The aim of the present study was to 
describe the clinical characteristics of patients with haemato‑
logical disorders who receive radiotherapy for splenomegaly, 
particularly focusing on the changes in spleen volume. The 
present study conducted a retrospective analysis of consecu‑
tive patients with haematological disorders who underwent 
splenic radiotherapy with palliative intent at the Department 
of Radiology of the University of Tokyo Hospital between 
June 2008 and June 2019. Pre‑ and post‑radiotherapy spleen 
volumes were measured from computed tomography images. 
A total of 8 patients (5 men and 3 women) with a median age 
of 59 years (range, 46‑76 years) were included. The median 
total prescription and fractional doses were 4.5 Gy (range, 
1.5‑10 Gy) and 0.78 Gy (range, 0.5‑2.0 Gy), respectively. A total 
of 5 patients (62.5%) experienced a reduction in spleen volume. 
The mean ± SD spleen sizes pre‑ and post‑radiotherapy were 
1,887±1,011 and 1,368±577 ml, respectively. The mean varia‑
tion rate in spleen volume was ‑19.1±24.7%, and the case with 
the most notable improvement in the present study exhibited a 
‑52.4% change. Of the 5 patients who experienced pain prior 
to radiotherapy, 3 achieved pain relief, 1 did not experience 
any change and 1 patient was not assessed post‑radiotherapy. 
Therefore, the findings of the present study revealed that 
palliative radiotherapy for splenomegaly may achieve symptom 
palliation and radiological volumetric effects in patients with 
haematological disorders.

Introduction

Splenomegaly is an increase in spleen size that may be 
caused by a number of conditions, including haematological 
disorders, liver diseases, infectious diseases, inflammatory 
diseases and primary splenic diseases (1). Regarding haema‑
tological disorders, the most common causes of splenomegaly 

include lymphoma, myeloproliferative neoplasms, chronic 
lymphocytic leukaemia and hairy cell leukaemia (2).

Symptoms associated with splenomegaly include abdom‑
inal discomfort, pain, loss of appetite and early satiety, which 
have a significant adverse effect on the quality of life of those 
affected. Moreover, when the spleen becomes hyperfunc‑
tional, a condition referred to as hypersplenism, it may lead to 
anaemia, immune suppression and bleeding tendency owing to 
the progressive destruction of blood cells (3).

Splenectomy is usually considered as the most direct 
intervention for splenomegaly. However, splenectomy in 
patients with haematological malignancies is associated with 
high morbidity and mortality rates owing to perioperative 
complications and haemostatic problems  (4). In addition, 
patients who undergo splenectomy are at high risk of infec‑
tion due to immunological changes caused by impairment of 
immunoglobulin synthesis, antibody‑mediated clearance and 
phagocytic function (5). This type of infection is known as 
overwhelming post‑splenectomy infection syndrome, which is 
a serious adverse event that results in a high mortality rate (6).

As a less invasive treatment, radiotherapy has been a useful 
treatment modality for the palliative management of patients with 
splenomegaly (7‑9). The spleen is a highly radiosensitive organ in 
which radiation acts directly on extramedullary haematopoietic 
tissue or infiltrating lymphocytes. Splenic radiotherapy has been 
used for symptom relief in patients with splenomegaly or as a 
pre‑transplantation procedure for recurrence prevention (10). 
Although a high response rate with symptom palliation has been 
reported, there are few reports on quantitative analysis of splenic 
irradiation. The aim of the present study was to describe the 
clinical characteristics of patients with haematological disorders 
who underwent radiotherapy for splenomegaly, particularly 
focusing on the radiological changes in the volume of the spleen.

Materials and methods

Patient inclusion and exclusion criteria. The present study 
was conducted as a retrospective analysis of existing medical 
records. Data were collected from consecutive patients with 
splenomegaly who underwent radiotherapy with palliative 
intent at the Department of Radiology of The University of 
Tokyo Hospital (Tokyo, Japan) between June 2008 and June 
2019. All patients included in this study were confirmed to have 
haematological disorders and were not considered as feasible 
candidates for other treatment modalities for splenomegaly, 
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such as systemic therapy or splenectomy. Patients whose 
clinical information after radiotherapy was not available were 
excluded from the study. The study protocol was approved by 
the Ethics Committee of our hospital and written informed 
consent was obtained from all patients. All adverse events were 
graded according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events, version 5.0 (11).

Radiotherapy and patient evaluation. Three‑dimensional 
conformal radiation therapy using parallel opposed or conformal 
beams was planned for all patients. Computed tomography (CT) 
scans of the patients were acquired with a slice thickness of 
5.0 mm for planning. The entire enlarged spleen was considered 
as the clinical target volume (CTV). The planning target volume 
(PTV) was configured by considering the respiratory motions of 
inhalation and end‑exhalation and the daily set‑up margin to the 
CTV. The total prescription and fractional doses were set by the 
radiation oncologist at the time of treatment.

Following the completion of radiotherapy, the patients were 
examined by the physician and/or radiation oncologist, including 
physical examination, blood examinations and radiography. 
Depending on the condition of each patient, the follow‑up inter‑
vals varied (range, 16‑76 days). Pre‑ and post‑radiotherapy CT 
images were sent to Pinnacle version. 9.10 (Philips Healthcare) 
for measuring the spleen volume. Pre‑radiotherapy spleen volume 
(V1) was assessed from the CT images used in planning for 
radiotherapy. Post‑radiotherapy spleen volume (V2) was acquired 
from follow‑up CT images within 3 months after radiotherapy. 
The variation rate of spleen volume was defined as (V2‑V1)/V1.

Statistical analysis. Overall survival (OS) was defined as 
the time from the initiation of radiotherapy until death 
from any cause. The OS rate curve was calculated using the 
Kaplan‑Meier method. The difference between V1 and V2 
was assessed using the Wilcoxon signed‑rank test. All anal‑
yses were conducted using the R statistical package (The R 
Foundation for Statistical Computing). P<0.05 was considered 
to indicate statistically significant differences.

Results

Patient characteristics. The characteristics of the 8 patients 
enrolled in the present study are listed in Table I. There were 
5 men and 3 women, with a median age of 59 years (range, 
46‑76 years). The median total prescription and fractional doses 
were 4.5 Gy (range, 1.5‑10 Gy) and 0.78 Gy (range, 0.5‑2.0 Gy), 
respectively. Radiotherapy was delivered daily in 4 patients and 
every other day (QOD) in the remaining 4 patients. The present 
study included 4 patients with myelofibrosis (MF), 3 patients 
with acute myeloid leukaemia (including 1 patient with acute 
promyelocytic leukaemia) and 1 patient with chronic myeloid 
leukaemia. The median Karnofsky Performance Status score was 
80 (range, 70‑90). Patient A had been referred to the Department 
of Radiology at The University of Tokyo Hospital with the aim 
of palliation of splenomegaly before remission induction therapy. 
Patient C had developed disease progression after haematopoi‑
etic stem cell transplantation and no further chemotherapy was 
intended. In patient G, blast cells were still present in the bone 
marrow after cytosine arabinoside treatment. Patient H was 
awaiting haematopoietic stem cell transplantation after remission 
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induction therapy. Two patients were administered oral hydroxy‑
urea capsules concurrently with radiotherapy. Splenic radiotherapy 
was administered to 3 patients as a pre‑transplantation procedure 
and to 5 patients for symptom relief.

Spleen size and patient outcome. The mean ± standard deviation 
pre‑ and post‑radiotherapy spleen sizes were 1,887±1,011 and 
1,368±577 ml, respectively (Table II). The difference between 
the two volumes was not statistically significant (P=0.109), which 
may be attributed to the insufficient number of cases. The details 
of each patient after radiotherapy are presented in Table II. A 
total of 5 patients (62.5%) exhibited a reduction in spleen volume. 
The mean variation rate in spleen volume was ‑19.1±24.7%. The 
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Figure 1. CT imaging was performed pre‑ and post‑radiotherapy. 
(A) Pre‑radiotherapy and (B) post‑radiotherapy abdominal cross‑sectional 
CT scan of patient D. CT, computed tomography.

Figure 2. Kaplan‑Meier survival curve for overall survival rates of the 
8 patients treated by radiotherapy for splenomegaly. Vertical line, censored 
case.
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case with the most notable improvement in the present study 
was patient D, who exhibited a‑52.4% reduction in spleen size 
compared with pre‑radiotherapy (Fig. 1). Of the 5 patients who 
experienced pain prior to radiotherapy, 3 patients achieved pain 
relief, 1 patient did not experience any change and 1 patient was 
not assessed after radiotherapy. Of the 2 patients who reported 
loss of appetite before radiotherapy, 1 patient achieved symptom 
relief and 1 patient did not experience any change.

At the time of analysis, 7  patients had died owing to 
exacerbation of the primary disease and 1 patient was lost to 
follow‑up. The median survival time and 1‑year OS rate were 
4.6 months [95% confidence interval (CI): 1.1‑upper limit not 
available] and 25.0% (95% CI: 3.7‑55.8), respectively (Fig. 2). 
At 3 months from the beginning of radiotherapy, 4 patients 
remained alive. Although splenic volume reduction was not 
achieved in patient A, haematopoietic stem cell transplantation 
was performed as planned. Patient B suffered from exacerba‑
tion of splenomegaly due to primary disease progression. In 
patients D and E, the volume of the spleen had been reduced 
and remained stable.

Adverse events. Although severe (grade 3 or 4) haemato‑
logical adverse events were observed in almost all patients, 
the haematological condition prior to radiotherapy was very 
poor (Table I) owing to the primary disease and hypersplenism 
due to splenomegaly. Hypersplenism causes pancytopenia as 
a result of the excessive destruction of premature blood cells. 
Splenic irradiation is considered to be effective for palliation 
of hypersplenism. Patient C, a 64‑year‑old female with acute 
myeloid leukaemia, required daily red blood cell and platelet 
transfusion. The patient was referred to the Department of 
Radiology with the aim of palliation for abdominal pain and 
pancytopenia due to hypersplenism. During radiotherapy with 

0.5 Gy per fraction QOD to a total dose of 3 Gy, the platelet 
count gradually improved; in addition, after radiotherapy, 
the frequency of transfusions decreased, as shown in Fig. 3. 
No significant late radiation‑induced adverse events were 
observed.

Discussion

There is currently no clear consensus on palliative radiotherapy 
for splenomegaly in lymphatic and myeloid malignancies. 
However, this method has been reported in several retro‑
spective studies or case series. Kriz et al (12) reported their 
retrospective cohort analysis of 246 courses in 122 patients 
with haematological disorders who underwent radiotherapy for 
splenomegaly. They achieved an improvement of 74.8% in pain 
and 73.6% in blood parameters of the patients who received 
splenic radiotherapy, which comprised a total prescription 
dose of 0.3‑16 Gy and fractional dose of 0.1‑2 Gy. In addition, 
a systematic review of 766 irradiation courses in 486 patients 
reported that the most commonly used total dose and frac‑
tion scheme was 10 Gy in 10 fractions over 2 weeks (13). The 
review reported objective response rates for palliation of sple‑
nomegaly symptoms in 85‑90% of the patients. Moreover, they 
reported no statistically significant correlation between dose 
and symptom relief, indicating that lower doses may be suffi‑
cient for symptom palliation. In a recent study, low‑dose QOD 
radiotherapy with an initial total prescribed dose of 10 Gy and 
fractional dose of 0.5 Gy was used, and the median reduction 
value of the superior‑to‑inferior spleen size was 4.6 cm (14).

Splenic irradiation is also effective in cases of conges‑
tive splenomegaly. Bruns et al  (15) reported that low‑dose 
splenic irradiation was effective in a retrospective analysis of 
5 patients with liver disease. In their report, all patients who 

Figure 3. Time series of WBC count, Hb level and PLT count before, during and after splenic radiotherapy for patient C. Upper part of this image indicates the 
frequency and quantity of RBC and PLT transfusion. WBC white blood cell; Hb, haemoglobin; PLT, platelet; RBC, red blood cell.
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experienced abdominal pain prior to irradiation achieved pain 
relief. In the 2 patients whose spleen size could be measured 
after radiotherapy, there was ~10% reduction in the spleen size. 
Liu et al (16) also reported 5 cases of patients with conges‑
tive splenomegaly and a history of liver cirrhosis. They used 
daily radiotherapy with a total prescription dose of 12 Gy in 
8 fractions. All patients in that study experienced palliation of 
thrombocytopenia due to splenic irradiation. In addition, the 
spleen size decreased by 15 and 70% in 2 patients, whereas no 
remarkable response was observed in the remaining 3 patients.

The precise mechanisms of action of splenic radiotherapy 
remain unclear. Although radiotherapy exerts direct effects on 
haematopoietic and lymphoid cells in the spleen, the immuno‑
logical response is also considered to play an important role. 
Radiation‑induced inflammatory cytokines, such as IL‑2 and 
TNF‑α, contribute to the systemic response to splenic irra‑
diation (17). Moreover, the differences in lymphocyte subsets 
with respect to sensitivity to radiation cause proportional 
changes in lymphocyte subsets in the spleen after radiation; 
these proportional changes cause immune system modulation 
in the patients (18).

The present study included 4 patients with MF. Patients with 
MF tend to have a higher frequency of splenomegaly at the time 
of diagnosis, which is a poor prognostic factor (19). For patients 
with MF, Janus kinase (JAK) inhibitors have demonstrated an 
effective decrease in splenomegaly (20). An oral JAK1/JAK2 
inhibitor, ruxolitinib, has been shown to reduce splenomegaly, 
improve symptoms and improve survival and prognosis as 
demonstrated in the phase 3 COMFORT studies (21,22). A 
selective oral JAK2 inhibitor, fedratinib, which was recently 
approved by the US Food and Drug Administration, was also 
found to be effective in reducing spleen volume (23). Moreover, 
newer generation JAK inhibitors, momelotinib and pacritinib, 
are being evaluated in phase 3 trials and may be considered as 
a treatment option (24).

There were certain limitations to the present study. The 
major limitation was the small sample size, due to which 
statistically significant conclusions could not be established. 
Additionally, the heterogeneity of patient characteristics and 
treatment modalities included in the present study also repre‑
sents a limitation. The radiotherapy in the present study was 
heterogeneous with respect to both the total prescription and 
fractional doses. Moreover, the heterogeneity of the treatment 
assessment is also considered as a limitation owing to the 
retrospective nature of the analysis.

In conclusion, the present study revealed that palliative 
radiotherapy for splenomegaly in patients with haematological 
disorders may be effective in achieving symptom relief as well 
as in terms of the volumetric effect. However, the optimal total 
dose and fractionation schedule of palliative radiotherapy for 
splenomegaly requires further investigation and additional 
evidence before reaching definitive conclusions.
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