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Hypersplenism and thrombocytopenia are common complications of liver cirrhosis or
thalassemia, but current treatment strategies are limited. This study aimed to evaluate the
efficacy and safety of thalidomide in the treatment of hypersplenism and
thrombocytopenia in patients with liver cirrhosis or thalassemia. A total of 31 patients
with hepatic cirrhosis (n=19) or thalassemia (n=12) diagnosed with hypersplenism and
thrombocytopenia (platelet count [PLT] <100×109/L) were included in this prospective
cohort study between January 2015 and May 2017. Patients were treated with
thalidomide (150–200 mg/d) plus conventional therapy. Spleen length, PLT, leukocyte
count (WBC), absolute neutrophil count (ANC), and hemoglobin level (Hb) were measured
at baseline, 3, 6, and 12 months. Any adverse events were noted. All of the 31 patients
were showed a progressive increase PLT during the 12-month follow-up, and similar
results were obtained when subgroup analyses were performed based on the primary
disease (cirrhosis or thalassemia). WBC, ANC, and Hb also increased progressively during
the 12-month follow-up. Spleen length decreased progressively during the follow-up. No
serious adverse events occurred. Thalidomide is a potential treatment for
thrombocytopenia caused by hypersplenism in patients with cirrhosis or thalassemia.
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INTRODUCTION

Thrombocytopenia (an abnormally low platelet level that results in a hemorrhagic tendency) is a
common complication of hypersplenism and is difficult to treat. Hypersplenism and
thrombocytopenia frequently develop as a result of other underlying diseases, including liver
cirrhosis and thalassemia. Hepatic cirrhosis occurs secondary to a wide variety of disorders such as
alcoholic liver disease and infection with the hepatitis C virus (HCV) and/or hepatitis B virus (HBV)
(Romanelli and Stasi, 2016). In patients with liver cirrhosis, congestive hypersplenism develops due
to portal hypertension, and the resultant increase in blood cell sequestration leads to reductions in
the levels of circulating platelets, erythrocytes, and leukocytes (Boyer and Habib, 2015). Additional
in.org July 2020 | Volume 11 | Article 11371
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factors contributing to thrombocytopenia in patients with
cirrhosis include decreased thrombopoietin production, bone
marrow suppression by viruses (e.g., HCV) or toxic levels of
alcohol, and the presence of antiplatelet antibodies (Mitchell
et al., 2016; Peck-Radosavljevic, 2017). Thalassemia represents a
group of inherited disorders of hemoglobin synthesis that results
in defective production of the a-globin or b-globin chains,
leading to abnormal erythropoiesis and varying degrees of
anemia (Galanello and Origa, 2010). The more severe
phenotypes of thalassemia can present with splenomegaly,
hypersplenism and thrombocytopenia necessitating transfusion
(Taher et al., 2010; Origa and Galanello, 2011; Hashemieh et al.,
2012). Thus, despite being disparate disorders, hepatic cirrhosis
and thalassemia can both require medical intervention to treat
hypersplenism and thrombocytopenia.

Unfortunately, the current treatment options for
thrombocytopenia secondary to hypersplenism are limited.
Surgical approaches include placement of portosystemic
shunts, total or partial splenectomy (via open or laparoscopic
procedures), partial splenic artery embolization, and
radiofrequency ablation (Zhu et al., 2008; Hashemieh et al.,
2012; Boyer and Habib, 2015). Although these surgical
techniques have shown efficacy in clinical studies, they are
associated with a variety of complications and are not tolerated
by some patients. Various pharmacologic approaches have also
been utilized, including eltrombopag and romiplostim for
patients with cirrhosis (McHutchison et al., 2007; Moussa and
Mowafy, 2013) and inducers of hemoglobin F (HbF)
synthesis (such as hydroxyurea, butyrate, 5-azacytidine, and
decitabine) for patients with thalassemia (Perrine et al., 2005;
Olivieri et al., 2011; Musallam et al., 2013; Bayanzay and Khan,
2015). However, medical approaches have shown limited
efficacy and are associated with toxicity. Hence, alternative
management strategies are needed for thrombocytopenia
resulting from hypersplenism.

Thalidomide is an anti-angiogenic, anti-inflammatory, and
immunomodulatory drug (Sherbet, 2015) that has been reported
to induce HbF synthesis and the proliferation of erythroid cells
(Aerbajinai et al., 2007; Moutouh-de Parseval et al., 2008). Two
published case reports have described individual patients with
thalassemia who responded well to thalidomide (Aguilar-Lopez
et al., 2008; Masera et al., 2010). Furthermore, our recent study of
nine patients with thalassemia demonstrated that treatment with
thalidomide significantly improved the hemoglobin level and
reduced spleen size (Chen et al., 2017). Interestingly, we also
observed that the platelet levels in two of the nine patients were
notably increased after therapy with thalidomide (Chen et al.,
2017), suggesting that thalidomide could potentially have utility
in the management of thrombocytopenia in patients
with hypersplenism.

We hypothesized that thalidomide could be used to treat
thrombocytopenia caused by hypersplenism. Therefore, the aim
of this prospective cohort study was to evaluate the efficacy and
safety of thalidomide in the treatment of hypersplenism
and thrombocytopenia in patients with liver cirrhosis
or thalassemia.
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METHODS

Study Design and Patients
The ethics committee of Gongren Hospital (Wuzhou City,
Guangxi, China) approved the protocol for this study (#2014-
003), which was conducted in accordance with the principles of
the Declaration of Helsinki. After checking the content of the
study, it was found to be in agreement with the Good Clinical
Practices. All patients provided informed written consent.

This prospective cohort study included consecutive patients
with hepatic cirrhosis or thalassemia (a-thalassemia or b-
thalassemia) diagnosed with hypersplenism at Gongren Hospital
(Wuzhou City, Guangxi, China) between January 2015 and May
2017. The inclusion criteria were: age >18 years; a diagnosis of liver
cirrhosis or thalassemia was made using accepted clinical methods
(see below) (Wiegand and Berg, 2013; Brancaleoni et al., 2016); a
platelet count <100×109/L before treatment; and either not
suitable for splenectomy (for whatever reason) or refused
splenectomy after being fully informed of the benefits and risks
of surgical intervention. The diagnostic criteria for cirrhosis were:
the existence of an underlying disease causing cirrhosis, such as
hepatitis B, hepatitis C, or alcoholic liver disease; evidence of portal
hypertension, such as the formation of collateral circulation,
splenomegaly, or ascites; evidence of liver dysfunction, such as
hypoproteinemia, prolonged prothrombin time, metabolic
insufficiency, or endocrine dyscrasia; and evidence of hepatic
lobe atrophy or liver deformation on computed tomography or
B-ultrasound imaging. The diagnostic criteria for thalassemia were
as follows: microcytic hypochromic anemia; erythrocyte target
cells observed in peripheral blood smears; red blood cells with
reduced osmotic fragility; elevated HbF level and slightly elevated
HbA2 level (b-thalassemia); and genetic analysis confirmed the
presence of a mutant gene associated with a-thalassemia or
b-thalassemia.

The exclusion criteria were: previous therapy with erythropoietin,
thalidomide, prednisone, androgen, or danazol; severe renal
dysfunction; peripheral neuropathy; thrombosis; women who
were pregnant or intended to become pregnant in the near
future; women who were breastfeeding; and participation in
another clinical trial.

Clinical Assessment Prior to Initiation of
Therapy
A venous blood sample was obtained for routine blood tests,
including hemoglobin level, platelet count, leukocyte count, and
absolute neutrophil count (XN-2000 Hematology Autoanalyzer,
Sysmex, Kobe, Japan). Spleen length was measured as the
distance from the tip of the spleen to the point at which the
midclavicular line intersected with the lower margin of the left
rib cage. Spleen length was calculated as the average of the values
obtained independently by two physicians using B-
scan ultrasonography.

Interventions
Patients with cirrhosis received standard medical therapy,
including antiviral agents (such as interferon or entecavir),
July 2020 | Volume 11 | Article 1137
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hepatoprotective drugs (such as tiopronin, glutathione or
diammonium glycyrrhizinate), and medications to improve
biliary flow (such as ursodesoxycholic acid). Patients with
thalassemia were treated with blood transfusions, visceral
organ protection, alkalization, and iron chelation. Patients with
a hemoglobin level <60 g/L were given red blood cell transfusion,
while those with a platelet count <20×109/L or with hemorrhage
received platelet transfusion. Additional therapies included the
prevention and treatment of infection and bed rest to reduce the
risk of hemorrhage.

All patients received thalidomide in addition to conventional
medical treatment. The dose of thalidomide was given with
reference to the consensus of Chinese experts on the diagnosis
and treatment of primary myelofibrosis (2015 version)
(Leukemia, Lymphoma Group CSoHCMA, 2015). Thalidomide
was administered before sleep at an initial dose of 50–75 mg/d. If
no adverse reactions were observed, the dose was increased the
following day to the target dose of 150–200 mg/d, and
thalidomide was administered continuously for 1 year.

Follow-Up and Outcome Measures
All of the patients were followed up for 1 year. The median
follow-up time was months (range, to months). The following
investigations were carried out at 3, 6, and 12 months after the
start of therapy: platelet count, hemoglobin level, leukocyte
count, absolute neutrophil count, and measurement of spleen
length by B-scan ultrasonography. The requirement for red
blood cell transfusion or platelet transfusion during the follow-
up period was also analyzed as an outcome measure. For the
safety analysis, the occurrence and severity of any adverse events
(such as rash, somnolence, constipation, thrombosis, or
menstrual disorders) were evaluated. The technicians and
assessors evaluating the outcomes were not aware that the
patients were being treated with thalidomide.

Statistical Analysis
SPSS 22.0 (IBM Corp., Armonk, NY, USA) was used for the
analysis. Normally distributed continuous variables are
expressed as mean ± standard deviation, and non-normally
distributed continuous variables are expressed as median
(range). For normally distributed data, statistical comparisons
were made using analysis of variance and paired t-test. For non-
normally distributed data, statistical comparisons were made
using Friedman’s analysis of variance and the Wilcoxon signed-
rank test. Count variables are expressed as n (%). P < 0.05 was
taken to indicate statistical significance.
RESULTS

Baseline Demographic and Clinical
Characteristics of the Patients
A total of 31 patients were included in the study (mean age,
44.9 ± 16.0 years; 15 males). The primary disease was liver
cirrhosis in 21 patients (67.7%) and thalassemia in 10 patients
(32.3%). The baseline demographic and clinical characteristics of
the patients are shown in Table 1.
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Requirement for Blood Transfusion During
Follow-Up
The proportion of patients requiring red blood cell transfusion
during the follow-up period is presented in Table 2. A total of 4
patients (12.9%) required red blood cell transfusion during the
follow-up period. Very few patients required platelet transfusion
during the follow-up period (Table 2).

Platelet Count During Follow-Up
Platelet count during the 1-year follow-up showed an upward
trend in the patients treated with thalidomide and was
significantly higher at 3, 6, and 12 months than at baseline
(all P < 0.001; Table 3). Similar trends of improvement (i.e., a
progressive increase in platelet count during follow-up) were
obtained when subgroup analyses were performed based on
the primary disease (hepatic cirrhosis or thalassemia;
Table 3).

Other Outcome Measures
Leukocyte count was significantly increased at 3, 6, and 12
months as compared with baseline (all P < 0.01; Table 4).
There were also trends toward increases in absolute neutrophil
count and hemoglobin level and a decrease in spleen length
during the 1-year follow-up, although statistical significance was
not attained (Table 4).
TABLE 1 | Baseline demographic and clinical characteristics of the study participants.

Characteristic Value (n = 31)

Age (years), mean ± SD 44.9 ± 16.0
Age (years), median (range) 46 (20–82)
Male, n (%) 15 (48.4%)
Primary disease
Liver cirrhosis, n (%) 21 (67.7%)
Thalassemia, n (%) 10 (32.3%)

History of red blood cell transfusion, n (%) 16 (51.6%)
History of platelet transfusion, n (%) 2 (6.5%)
Spleen length (cm), mean ± SD 7.7 ± 3.1
Spleen length (cm), median (range) 7.4 (2.5–13.5)
Leukocyte count <4×109/L, n (%) 24 (77.4%)
Absolute neutrophil count <2×109/L, n (%) 19 (61.3%)
Hemoglobin level <60 g/dL, n (%) 11 (35.5%)
Platelet count (×109/L), mean ± SD 56.4 ± 15.8
July 2020 | Volume 11
SD, standard deviation.
TABLE 2 | Numbers of patients requiring transfusion of red blood cells or
platelets during the follow-up period.

Parameter Value (n = 31)

Red blood cell transfusion
0–3 months 4 (12.9%)
4–6 months 3 (9.7%)
7–12 months 4 (12.9%)

Platelet transfusion
0–3 months 1 (3.2%)
4–6 months 1 (3.2%)
7–12 months 1 (3.2%)
Data are presented as n (%).
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Safety Analysis
The adverse events reported were rash, somnolence, constipation,
and (in females) menstrual disorders (Table 5). However, all these
adverse events were mild in severity (grade 1 in most cases) and
tolerable by the patients. Thrombosis did not occur in any patient.

DISCUSSION

The main finding of this study was the cirrhosis or thalassemia
patients with thrombocytopenia due to hypersplenism showed a
Frontiers in Pharmacology | www.frontiersin.org 4
progressive and significant increase in platelet count during 12
months of therapy with thalidomide. Furthermore, leukocyte
count also increased significantly during 12 months of therapy
with thalidomide, and there were trends toward increases in
absolute neutrophil count and hemoglobin level. In addition,
there was a numerical decrease in spleen length during the 12-
month follow-up. No serious adverse events occurred during the
course of the study, and thalidomide was well tolerated. Taken
together, our findings suggest that thalidomide may have potential
as a novel pharmacologic therapy for thrombocytopenia caused by
hypersplenism in patients with cirrhosis or thalassemia. However,
prospective, randomized controlled trials will be needed to verify
the efficacy and safety of thalidomide in this clinical setting
before any recommendations can be made regarding its
wider implementation.

The results of our study indicate that thalidomide improved
the platelet count in patients with secondary hypersplenism, and
this was associated with a progressive but non-significant
reduction in spleen size during the 12-month treatment course.
We speculate that the changes in spleen length (as well as
absolute neutrophil count and hemoglobin level) over time
were real but that our study was underpowered to detect these
as significant changes due to the small sample size. Taking this
into consideration, we suggest that the improvement in platelet
count was secondary to a reduction in the degree of
hypersplenism, which resulted in decreased sequestration of
platelets in the spleen. Indeed, the spleen normally contains
around 30% of the body’s platelets, and it is widely recognized
that increased platelet sequestration by an enlarged spleen can
lead to thrombocytopenia (Smock and Perkins, 2014). The
reduction in splenomegaly and hypersplenism would also
explain the significant elevation in leukocyte count, apparent
improvements in hemoglobin level and absolute neutrophil
count (non-significant), and low requirement for red blood cell
transfusion that were observed in patients treated with
thalidomide. Our findings regarding the possible beneficial
effects of thalidomide on hemoglobin level and spleen length
are in good agreement with those reported in our previous study
of nine patients with b-thalassemia who were treated with
thalidomide for 6 months or more (Chen et al., 2017). Two
case reports have also described an increase in hemoglobin level
in response to thalidomide (Aguilar-Lopez et al., 2008; Masera
et al., 2010), consistent with the trends in our observations.

One mechanism by which thalidomide induces the expression
of the g-globin gene (and hence HbF) is thought to include
increased generation of reactive oxygen species and subsequent
activation of p38 MAPK signaling and histone H4 acetylation
(Aerbajinai et al., 2007). Furthermore, it has been reported that
lenalidomide, a derivative of thalidomide, causes degradation of
a transcription factor (IKZF1) (Kronke et al., 2014) that is known
to interact with an important transcriptional regulator of the g-
globin gene (BCL11A) (Bauer and Orkin, 2015). However, the
mechanisms by which thalidomide reduces splenomegaly and
hypersplenism remain unknown. There is increasing evidence
that angiogenesis and neovascularization play an important role
in the development of splenomegaly and hypersplenism. For
TABLE 3 | Platelet count during the follow-up period.

All patients
(n = 31)

Liver cirrhosis
(n = 21)

Thalassemia
(n = 10)

Baseline 56.4 ± 15.8 52.1 ± 12.2 65.4 ± 19.3
3 months 75.1 ± 27.3*** 71.3 ± 27.5** 83.2 ± 26.6
6 months 78.9 ± 31.9*** 72.7 ± 26.8** 92.1 ± 38.8
12
months

85.8 ± 40.6*** 82.3 ± 44.5** 93.1 ± 31.4*
Data are presented as median (range) ×109/L. *P < 0.05, **P < 0.01, ***P < 0.001 vs.
baseline value.
TABLE 4 | Other outcome measures.

Outcome Value (n = 31)

Spleen length (cm)
Baseline, median (range) 7.4 (2.5–13.5)
3 months, median (range) 7.3 (1.5–12.7)
6 months, median (range) 6.4 (0.0–11.9)
12 months, median (range) 6.2 (0.0–12.6)

Leukocyte count (×109/L)
Baseline, median (range) 3.3 (2.0–5.6)
3 months, median (range) 3.3 (1.6–8.2)**
6 months, median (range) 4.2 (1.3–7.5)**
12 months, median (range) 4.4 (1.4–10.5)**

Absolute neutrophil count (×109/L)
Baseline, median (range) 1.9 (1.0–3.5)
3 months, median (range) 1.8 (0.9–4.1)
6 months, median (range) 2.0 (0.7–4.1)
12 months, median (range) 3.0 (0.8–8.0)

Hemoglobin level (g/dL)
Baseline, median (range) 69.0 (30.0–147.0)
3 months, median (range) 72.0 (42.0–92.0)
6 months, median (range) 79.0 (42.0–104.0)
12 months, median (range) 80.0 (43.0–96.0)
**P < 0.01 vs. baseline value.
TABLE 5 | Adverse events.

Adverse event Incidence
(n = 31)

Severity

Rash 4 (12.9%) All grade I
Somnolence 6 (19.4%) All grade I
Thrombosis 0 –

Constipation 11 (35.5%) 8 grade I, 3 grade II
Menstrual
disorders§

10 (62.5%) Reduced menstrual volume and delayed
cycle
§Female patients (n = 16).
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example, the mammalian target of rapamycin (mTOR) and
Janus kinase-2 (JAK2/STAT3) signaling pathways, which are
known regulators of angiogenesis, have been implicated in the
development of portal hypertension and splenomegaly, and
inhibition of these signaling pathways has been shown to
reduce splenomegaly (Mejias et al., 2010; Wang et al., 2015;
Chen et al., 2016; Wang et al., 2016). Furthermore, it has been
reported that elevated levels of vascular endothelial growth
factor (VEGF), a critical regulator of angiogenesis and
neovascularization, are associated with splenomegaly in
patients with chronic myeloid leukemia (Liu et al., 2005) and
polycythemia vera (Murphy et al., 2002). Interestingly, previous
research has demonstrated that thalidomide can inhibit
angiogenesis by suppressing VEGF expression (Komorowski et al.,
2006; Maria de Souza et al., 2012; Tan et al., 2012; El-Aarag et al.,
2014; Li et al., 2014). Thus, we speculate that the beneficial effects of
thalidomide on hypersplenism and thrombocytopenia may be due,
at least in part, to a reduction in VEGF secretion and hence
suppression of splenic angiogenesis and neovascularization.
However, additional research will be needed to establish whether
this is the case.

Our safety analysis revealed that thalidomide was well tolerated
with most adverse events being grade I in severity, and no severe
adverse reactions relevant to thalidomide were observed in this
study. It is well known that thalidomide has a teratogenic effect
and cannot be used by a pregnant woman (Vargesson, 2015).
However, adverse reactions to thalidomide are rare in other
patients. Indeed, we observed no adverse reactions to
thalidomide in our previous study of patients with thalassemia
(Chen et al., 2017). Thus, we believe that thalidomide would be
well tolerated by non-pregnant patients with hypersplenism and
thrombocytopenia secondary to cirrhosis or thalassemia.

This study has some limitations. First, this was an observational
study that may have been susceptible to selection bias, and no
control group was included. Therefore, the level of evidence is
inferior to that of a randomized controlled trial. Second, this was a
single-center study, so the generalizability of the findings is not
known. Third, the sample size was small, so the analysis may have
been underpowered to detect real differences between time points
for some parameters (e.g., spleen length, absolute neutrophil count
and hemoglobin level). Nevertheless, a post hoc power analysis
showed that when using the increase in platelet count at 12 months
vs. baseline to calculate the power, assuming that the mean
difference in platelet counts was 29.4 ± 37.9 ×109/L, the present
study achieved a power of 99% at a=0.05. Fourth, the follow-up
period was short, so the longer-term effects and adverse effects of
thalidomide were not investigated. Basically, those patients are with
conditions (cirrhosis or thalassemia) they will carry for the rest of
their lives. Even though the thrombocytopenia and hypersplenism
can be managed, they cannot be cured and will recur if the
treatments are stopped. In the present study, treatment time was
1 year, but the treating physicians were free to treat the patient as
they saw fit afterward. Nevertheless, no follow-up was done beyond
the 1-year treatment. The 1-year period was selected for
convenience and because previous studies in patients with
myelofibrosis showed that the response onset took 1–11 months
Frontiers in Pharmacology | www.frontiersin.org 5
(Luo et al., 2018) and that the median response duration to
thalidomide was 25 or 9 months (Strupp et al., 2004; Luo et al.,
2018), but those numbers have to be taken with caution because of
the various conditions and combined drugs. The success of
thalidomide treatment might lie in fewer transfusions needed and
platelet count show effects from treatment, but the relationship with
the severity of the underlying diseases was not evaluated.
Nevertheless, since this was a preliminary study, the conclusion
must be taken with caution, and randomized controlled trials are
needed to validate our findings.

Thalidomide is a potential pharmacologic therapy for
thrombocytopenia secondary to hypersplenism caused by liver
cirrhosis or thalassemia. However, further research is needed to
confirm the efficacy and safety of thalidomide in this setting
before more widespread use is recommended.
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