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Abstract
Background

Hypersplenism is a common consequence of liver cirrhosis and a risk factor of hepatocellular carcinoma
(HCC) development. The objective of the current study was to identify whether splenectomy for treatment
of hypersplenism has any impact on risk of HCC.   

Methods

Patients who underwent splenectomy for hypersplenism secondary to liver cirrhosis and portal
hypertension between 2008 and 2012 were included from seven University Hospitals in China, whereas
patients receiving medication treatments for liver cirrhosis and portal hypertension (non-splenectomy) at
this time period were also included as control.

Results

A total of 871 patients with liver cirrhosis and hypertension were included synchronously from 7 tertiary
hospitals. Among them, 407 patients had a history of splenectomy for hypersplenism, whereas 464
patients who received medical treatment but not splenectomy (non-splenectomy group). The cumulative
incidence of HCC development at 1, 3, 5 and 7 years were 1%, 6%, 11% and 16% in splenectomy group,
and 2%, 10%, 17% and 24% in non-splenectomy group in the unadjusted cohort (Breslow test = 7.7,
p=0.005). Consistently, in the matched cohort, the cumulative rates of HCC diagnosis at 1, 3, 5 and 7
years were 1%, 6%, 7% and 15% in splenectomy group, and 1%, 6%, 15% and 23% in non-splenectomy
group (Breslow test = 4.9, p=0.028). On multivariable analysis, splenectomy was independently
associated with decreased risk of HCC development (HR 0.55, 95% CI, 0.32-0.95, p=0.031).

Conclusion

Splenectomy for treatment of hypersplenism may decrease the risk of HCC development. 

Background
Hepatocellular carcinoma (HCC) is a well-known consequence of liver cirrhosis being the second most
common cause of cancer-related death around the world.[1-3] Liver cirrhosis, secondary to hepatitis B
virus (HBV), hepatitis C virus (HCV) infection, or alcohol consumption, is present in more than 80% of
patients with HCC. Although portal hypertension, and subsequent hypersplenism and esophagogastric
variceal hemorrhage are the most important causes of death, HCC development as a result of liver
cirrhosis is also a major reason for poor outcomes among patients with liver cirrhosis.[4]

Transjugular intrahepatic portosystemic shunt (TIPS) is one of the modalities for treatment of portal
hypertension and associated complications, such as refractory ascites and hypersplenism. TIPS can
effectively reduce portal pressure by creating a canal with stent between the portal vein and a hepatic
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vein or the cava vein. Although TIPS is not a surgical shunt, it generates circulatory, hemodynamic, and
functional changes, and signi�cantly in�uences hepatocyte proliferation and portal blood �ow. [5-9]
Several studies have demonstrated that TIPS might increase the risk of HCC development among
patients with liver cirrhosis,[5, 6] whereas other studies have failed to note this association.[7-9]

Hypersplenism is characterized by anemia, leucopenia, thrombocytopenia and splenomegaly.
Hypersplenism aggravates intrahepatic in�ammatory injury via liver-spleen crosstalk.[10, 11] For
example, immunological functions of patients with hypersplenism might be impaired, such as an
increased CD4/CD8 ratio and impaired function of macrophages, which may promote
hepatocarcinogenesis.[10, 12] Increased expression of TGF-β1 and decreased expression of cytokines
such as IL-6 in the spleen among patients with liver cirrhosis might promote progression of liver cirrhosis.
[11] In fact, high splenic volume has been independently associated with post-hepatectomy HCC
recurrence and overall survival.[13] Of note, recent studies have demonstrated that hypersplenism
secondary to liver cirrhosis and portal hypertension was an independent risk factor associated with HCC
development.[14-16] The association between hypersplenism and HCC development might be
multifactorial but also partially as a result of thrombocytopenia, since thrombocytopenia has also
associated with an increased risk for HCC development.[17] Taken together, hypersplenism may cause
sustained liver injury and immune suppression, and thus be a risk factor for HCC development.

Splenectomy is a potential treatment of hypersplenism secondary to liver cirrhosis and portal
hypertension. Whether splenectomy for treatment of hypersplenism has any impact on HCC development
among patients with liver cirrhosis and portal hypertension remains unknown. As such, the objective of
the current study was to evaluate the possible impact of splenectomy on risk of HCC development among
patients with liver cirrhosis using a multi-institutional database.

Methods
Study cohort

A retrospective study was performed based on a database from seven high-volume University hospitals.
Patients undergoing splenectomy between January 2008 to December 2012 for the treatment of
hypersplenism secondary to HBV or HCV related liver cirrhosis and portal hypertension were included.
Overall, 13 patients died within six months after surgery and were excluded from the study. In addition, 9
patients who underwent liver transplantation after splenectomy for end-staged liver disease before
developing HCC were also excluded, since liver transplant eliminated the risk factor of the cirrhotic liver to
cause HCC. Following exclusion of these patients, 407 patients remained in the analytic cohort.

For the control group, all patients with HBV or HCV-related liver cirrhosis admitted to any one of the 7
institutions and treated conservatively during the same time period were randomly selected in 2:1 fashion
compared with the splenectomy group. Patients who died or developed HCC within six months after the
�rst admission were excluded as the detection of HCC within six months might have due to a missed
diagnosis / occult HCC at the time of �rst admission. Patients undergoing liver transplant or TIPS for
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non-HCC indication during follow up were also excluded. Treatment with TIPS may have some in�uence
on the development of HCC.[5] While patients undergoing liver transplant before development of HCC
were excluded, patients receiving a liver transplant for HCC were included.

Patients were matched so that the non-splenectomy group was comparable to splenectomy group.
Matching selection criteria included: Child-Pugh class A or B of liver function with one of the three
following conditions: reduced counts of white blood cells (<3×109/L), low level of hemoglobin (<110 g/L)
or decreased level of platelets (<100×109/L). In total, 464 patients were included who were managed
conservatively. The research was approved by the Ethics Committees of each participating centers. A
waiver of informed consent was obtained, since the data were analyzed from the electronic medical
record and reported without personal identi�ers.

HBV infection was de�ned as positive in the presence of serum hepatitis B surface antigen (HBsAg) or
anti-hepatitis B core antibodies (HBcAb). HCV infection was de�ned as positive for serum hepatitis C
antibody. All clinical and biochemical data were documented at the �rst admission or within 48 hours
prior to surgery. Child-Pugh score was calculated for each patient based on the recorded data. Diagnosis
of hypersplenism was made when the patient presented with splenomegaly, anemia, leucopenia, and
thrombocytopenia. MELD was calculated according to the following equation: 9.57 x [Ln creatinine
(mg/dL)] + 3.78 x [Ln bilirubin (mg/dL)] + 11.2 x Ln INR] + 0.643.[18]

Treatments and follow-up

Splenectomy was performed openly or laparoscopically with or without pericardial devascularization. The
indication for splenectomy was hypersplenism with anemia, leucopenia and/or thrombocytopenia. For
the non-splenectomy group, all patients were treated conservatively for complications of liver cirrhosis
and portal hypertension without TIPS, splenectomy or liver transplant before HCC development during
follow up. Anti-HBV or -HCV medications were prescribed by the hepatologists. Medications for chronic
hepatitis B were interferon-α (IFNα) and nucleostide analogues, including lamivudine, entecavir, tenofovir
disoproxil fumarate, adefovir dipivoxil, and telbivudine. Treatment of HCV included combination of IFNα,
sofosbuvir and/or ribavirin. All patients were followed from the day of splenectomy or the �rst admission
(non-splenectomy group) until death or the end of the study (September 2017).

Diagnosis of HCC

During follow up, patients from the two groups were followed with the same protocol of HCC surveillance.
Abdominal ultrasonography, examination of liver function and α-fetoprotein were routinely performed
every three to six months. Diagnosis of HCC was mainly based on pathological examination via
hepatectomy or biopsy. However, if the histological examination was non-diagnostic, then the diagnosis
was made based on the increased α-fetoprotein (AFP) levels >20 μg/L and characteristic features of
imaging examination. After diagnosis of HCC, patients were referred to the liver surgeons or hepatologists
for further treatments.

http://www.baidu.com/link?url=4Jhi2LgUslyy-NTqDBHEbVA-5EBriITzF7WSSk5adi-z-khiLuZikWQOBDHPfgZbpCmlvOdyJKbz9U2fF4xWqHg5rAtm8cwApvI8v616BJq
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Propensity score matching analysis

To reduce selection bias, PSM analysis was utilized to balance the general characteristic, hepatitis and
treatments, Child-Pugh classi�cation, and MELD scores of the patients between splenectomy and non-
splenectomy groups. Propensity score analysis with 1:1 matching was performed to generate matched
pairs of the patients. Binary logistic regression with the selected variables was used to generate a
continuous propensity score from 0 to 1. A one-to-one nearest-neighbor matching without replacement
between patients receiving splenectomy and conservative treatments was used to select patients into
subsequent analysis. [19]

 

Statistical analysis

Data were expressed as mean± standard deviation (S.D.) for quantitative variables or number
(percentages) for qualitative variables. Student t tests or Mann-Whitney U test were used to compare
quantitative variables between the two groups. Chi-Square test or Fisher’s exact test was carried out to
compare qualitative variables among the groups. The cumulative incidence of HCC was calculated by
Kaplan-Meier analysis and the curves were plotted and compared using Breslow test. The overall survival
was calculated by the Kaplan-Meier method, and the differences in survival between the groups were
compared using the log-rank test. To evaluate HCC risk and protective factor, all the potential factors with
a p value <0.10 in univariate analysis by Breslow test were enrolled into a Cox proportional hazard
regression model for multivariate analysis. HR and 95% CI were calculated for splenectomy versus non-
splenectomy group, and other factors correlating with HCC risk. Statistical analysis was carried out using
SPSS 22.0 (SPSS Inc., Chicago, IL). p<0.05 was considered statistically signi�cant.

Results
Comparison of the study groups at baseline

Baseline clinicopathological characteristics in the splenectomy and non-splenectomy groups were
compared (Table 1). Patients in the splenectomy group were younger and more often female versus
patients in non-splenectomy group (p=0.048 and 0.006, respectively). Patients undergoing splenectomy
had better underlying liver function measured by Child-Pugh scores and the Model for End-stage Liver
Disease (MELD) scores compared with non-splenectomy group (all p<0.05, Table 1). Although etiology of
liver cirrhosis was similar between the two groups, high viral load (HBV DNA >1000 copy/ml) and antiviral
treatments were more frequent in non-splenectomy versus splenectomy group (both p<0.05). Compared
with patients who did not undergo a splenectomy, patients who had a splenectomy were likely to have
severe pancytopenia, lower serum level of alanine aminotransferase (ALT), aspartate aminotransferase
(AST) and total bilirubin, but increased albumin (all p<0.01, Table 1). Of note pancytopenia resolved after
splenectomy. Renal and coagulation function were no different between the two groups. Moreover, 53.6%
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(218/407) of patients in the splenectomy group had severe esophagogastric varices. In the surgery group,
88% (358/407) of patients underwent splenectomy and pericardial devascularization.

Development of HCC

Median follow-up time was similar in the surgery and control groups (63 [range, 8-103] and 62 [range, 12-
104] months, respectively). The cumulative incidence of HCC development was much lower among
patients who had a splenectomy versus individuals who did not (Hazard ratio [HR] 0.63, 95% con�dence
interval [CI] 0.44-0.90, p=0.005, Breslow=7.7) (Figure 1A). The cumulative HCC incidence at 1-, 3-, 5- and 7-
years were 1%, 6%, 11% and 16% among patients undergoing splenectomy, and 2%, 10%, 17% and 24%
among patients receiving medication treatment only, respectively.

Splenectomy and Risk of HCC

Overall survival of the patients in the two groups was comparable (splenectomy: 1-, 3-, 5- and 7-year
survival 100%, 97%, 91% and 86% vs. no splenectomy: 100%, 97%, 92% and 84%; p=0.899)(Figure 2A).
However, on cox proportional hazard regression modeling was several demographic, virus and liver-
related factors were associated with development of HCC. Speci�cally, on univariate analysis, age, male
gender, smoking, HBV DNA >1000 copy/ml were each associated with an increased risk of HCC, whereas
splenectomy and anti-HBV treatment were associated with a lower incidence of HCC (all p<0.1, Table 3).
On multivariate analysis, age and male gender remained associated with a higher incidence of HCC
development, while patients with a history of splenectomy had a lower incidence of HCC (HR 0.55, 95% CI
0.32-0.95, p=0.031) (Table 3).

Propensity score matching (PSM) analysis utilizing variables such as age, gender, liver function, HBV and
HCV titers, anti-HBV and anti-HCV treatments, diabetes, smoking and alcohol use was then performed.
Speci�cally, 233 pairs of patients were generated in a matched cohort (Table 2). PSM con�rmed that
patients who underwent splenectomy had a lower incidence of HCC versus patients who did not undergo
splenectomy (HR 0.53, 95% CI 0.31-0.91, p=0.028, Breslow=4.9) (Figure 1B). In fact, after PSM, the
cumulative incidence of HCC at 1-, 3-, 5- and 7-years was 1%, 6%, 7% and 15% among patients who had a
splenectomy versus 1%, 6%, 15% and 23%, respectively, among patients who did not undergo non-
splenectomy.

 

Clinical outcomes of HCC patients

In total, 49 patients (12.0%) in the splenectomy group and 75 patients (16.2%) in the non-splenectomy
group developed HCC during follow-up. While liver function and tumor status were comparable between
the two groups, patients with HCC who had a previous splenectomy were less likely to undergo resection
versus HCC patients in non-splenectomy group (12.2% vs. 33.3%, p=0.008) (Table 4). The utilization of
the tumor-directed treatments (e.g. surgical resection, liver transplant, TACE and radiofrequency ablation)
was similar among patients who had previously did or did not undergo a splenectomy (59.2% vs. 69.3%,
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respectively; p=0.246). In turn, overall survival of patients with HCC was not different in the splenectomy
versus non-splenectomy groups (p=0.493, Figure 2B).

Discussion
The spleen is the largest lymphatic organ in the human body and is vital to antibacterial, antifungal and
antitumor immune activity.[20] Hypersplenism secondary to liver cirrhosis and portal hypertension has
been identi�ed as a strong risk factor for HCC development.[14, 15, 21] In fact, splenectomy for
hypersplenism among patients and tumor-bearing animals has been associated with improved liver
function, enhanced anti-viral effects, and improved anti-tumor immune function [12, 22-27]. However,
whether splenectomy for treatment of hypersplenism has any impact on HCC development among
patients with liver cirrhosis and portal hypertension has not been previously investigated. The current
study was important as it was the �rst study to de�ne a possible decreased risk of HCC development
among patients undergoing splenectomy. Speci�cally, patients who had a previous splenectomy had a
37% decreased risk of HCC in the unadjusted cohort and a 47% decrease risk in adjusted cohort
compared with non-splenectomy patients.

Splenectomy was an independent factor associated with decreased HCC development among patients
with liver cirrhosis on multivariate analysis. A previous single-center study had noted that splenectomy
was less frequently performed among cirrhotic patients who developed HCC versus patients who did not
develop HCC.[16] Consistent with the present study, older age, male gender and smoking as host factors
have been well documented as risk factors promoting HCC development in patients with liver cirrhosis.
[28-30] Of note, differences in the HCC incidence among the splenectomy versus non-splenectomy groups
were only notable 5 years after the initial treatments. These �ndings implied that the protective effect of
splenectomy on hepatocarcinogenesis was manifested after a prolonged period of time due to decreased
portal vein pressure, relieved hepatocytes and sinusoidal endothelial cells injury, progressive liver
regeneration and repair, and recovered immune function.[20, 30-32] While HCC incidence was lower
among patients who underwent splenectomy, overall survival was no different among patients who did
versus did not have a splenectomy (p=0.899). The for lack in difference in overall survival may be
partially explained by the low incidence of HCC in both groups, and early treatment due to strict
surveillance in China.

The role of the spleen in development and progression of liver cirrhosis and HCC has been increasingly
recognized. A number of studies have demonstrated that splenectomy in cirrhotic patients improved liver
function, although the mechanism remains obscure. In addition to TGF-β1, a recent study from our own
group identi�ed differential expression of 136 splenic-derived cytokines among cirrhotic patients versus
healthy subjects; splenectomy led to signi�cant changes of 28 cytokines, which were mainly involved in
progression of liver cirrhosis and development of HCC.[33] Moreover, splenectomy for hypersplenism
promotes platelet count and expression of platelet-derived serotonin, as well as peripheral and hepatic
macrophages/monocytes, which attenuate liver �brosis and promote liver regeneration by upregulating
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HGF and Wnt signaling.[23, 34] Collectively, these data provide biological, mechanistic plausibility to the
clinic �ndings reported in the current study.

While hypersplenism was associated with HCC recurrence and poor outcome, splenectomy for
hypersplenism improved outcomes among patients undergoing curative resection for HCC.[13, 16]
Similarly, using a murine orthotopic model, Li and colleagues had demonstrated that splenectomy
prevented tumor growth and improved immune responses of tumor-bearing hosts by decreasing myeloid-
derived suppressor cells, and increasing natural killer (NK) cells and NK T cells in liver tumor tissues.[26]
Similarly, Liu et al. demonstrated in a murine model that splenectomy accelerated liver regeneration after
partial hepatectomy of HCC by improvement of the tight junction formation which helped in
establishment of hepatocyte polarity via Par 3-aPKC.[35] In turn, splenectomy for hypersplenism among
cirrhotic patients may decrease the risk of HCC development in three ways: (1) improvement in liver
function via increase in the platelet count, accumulation of macrophages/monocytes, as well as
resolution of portal hypertension and alleviation of �brosis[23, 31, 33] (2) promotion of liver regeneration
via removal of hepatic regeneration inhibition factors in the spleen (TGF-β, TNF-α, etc.) and enhancement
of hepatic regeneration promotion factors (Hepatocyte growth factor and receptor, heat shock protein,
heme oxygenase-1, Wnt signaling, etc.)[23, 33, 34] (3) better anti-tumor immune functions among
patients due to recovery of T lymphocyte subsets and Th1/Th2 cytokines, such as increase of CD4,
interferon-γ, IL-2, and decrease of CD8 and IL-10.[12, 24, 26](Figure 3)

Several limitations should be considered when interpreting results in the current study. The retrospective
nature of the present study may have introduced selection bias given that splenectomy was mostly
con�ned to patients with severe pancytopenia. PSM analysis was utilized, however, to mitigate potential
selection bias and confounding by matching patients relative to known baseline characteristics in the
splenectomy and non-splenectomy groups. Of note, in the matched cohort, baseline characteristics, liver
function, hepatitis titers and anti-viral treatments between the two groups were comparable. The control
group may, however, not have fully re�ected the nature disease progression of patients with HBV- or HCV-
related liver cirrhosis. As such, we randomly selected patients in the non-splenectomy group as controls,
which was a previously utilized approach.[5, 7, 36] Of note, the incidence of HCC in non-splenectomy
group was approximately similar to the “natural incidence” of HCC among previously reported
hospitalized patients with HBV- and HCV-related liver cirrhosis.[5, 7, 36]

Conclusions
Patients with liver cirrhosis and hypersplenism who underwent prior splenectomy had a decreased
incidence of HCC on long-term follow-up. Among patients with liver cirrhosis and portal hypertension who
are not expected to undergo liver transplant in the moderate- or long-term future, splenectomy should be
considered as a means to mitigate the risk of HCC development. Future research will need to validate
these �ndings through more comprehensive studies that involved larger number of patients from
different geographical locations including the West.
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Table 1 Demographic, laboratorial and clinical data of patients in the two groups
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  Splenectomy (n=407) Non-splenectomy  (n=464) p value

Age (years) 45±10 47±4 0.048

Male gender 263 (64.6%) 340 (73.3%) 0.006

Child-Pugh score 6±1 7±1 <0.001

Child-Pugh Class     0.004

 A 257 (63.1%) 248 (53.4%)  

 B 150 (36.9%) 216 (46.6%)  

MELD score 0.6±0.6 0.7±0.6 0.032

Hepatitis     0.142

 HBV/HCV/HBV+HCV 362/41/4 430/32/2  

HBV DNA >1000 copy/ml* 161 (39.6%) 226 (48.7%) 0.019

Anti-HBV treatments* 199 (48.9%) 349 (75.2%) <0.001

HBeAg positive 85 (20.9%) 122 (26.3%) 0.067

HCV RNA >100 copy/ml** 26 (6.4%) 22 (4.8%) 0.532

Anti-HCV treatments** 15 (3.7%) 22 (4.7%) 0.006

Diabetes mellitus 31 (7.6%) 30 (6.4%) 0.444

Cigarette smoking 100 (24.6%) 135 (29.1%) 0.146

Alcohol abuse 52 (12.8%) 80 (17.2%) 0.232

White blood cell count (×109) 2.5±1.5 3.8±1.8 <0.001

Red blood cell count (×1012) 3.4±0.7 3.2±0.8 0.001

Hemoglobin (g/L) 99.6±21.8 117.8±26.2 <0.001

Platelet count (×109) 43.9±23.8 74.2±45.8 <0.001

Alanine aminotransferase (U/L) 36.5±24.4 56.4±51.6 <0.001

Aspartate aminotransferase (U/L) 43.5±24.6 59.2±46.5 <0.001

Total bilirubin (μmol/L) 23.7±12.8 30.6±23.1 0.005

Albumin(g/L) 36.0±5.2 34.1±6.1 <0.001

Blood urea nitrogen (mmol/L) 5.2±1.8 5.1±2.6 0.479

Blood creatinine (μmol/L) 67.7±20.3 70.3±20.5 0.231

Prothrombin time (s) 14.3±1.9 14.8±2.5 0.150

http://www.baidu.com/link?url=8FKzepixrhKPJ5bzRYNVS-cMQeV2vdKeHn7-CF2VI0EoAgKQylLIxXXRFC7GOIUp
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International normalized ratio 1.2±0.2 1.2±0.2 0.204

Follow-up, median (range) months 63 (8-103) 62 (12-104) 0.532

MELD, the Model for end-stage liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus; HBeAg, hepatitis
B e antigen; * compared only in HBV positive patients; ** compared only in HCV positive patients.

 

Table 2. Demographic, laboratorial and clinical data of patients in the two groups after propensity score
matching

  Splenectomy

(n=233)

Non-splenectomy  (n=233) p value

Age (years) 47±10 47±12 0.584

Male gender 157 (67.4%) 166 (71.2%) 0.422

Child-Pugh score 6±1 6±1 0.440

Child-Pugh Class     0.775

 A 142 (60.9%) 146 (62.7%)  

 B 91 (39.1%) 87 (37.3%)  

MELD score 0.6±0.6 0.6±0.6 0.874

Hepatitis      

 HBV/HCV/HBV+HCV 213/18/2 209/24/0 0.235

HBV DNA >1000 copy/ml* 96 (41.2%) 104 (44.6%) 0.292

HCV RNA >100 copy/ml** 11 (4.7%) 13 (5.6%) 0.956

HBeAg positive 52 (22.3%) 56 (24.0%) 0.742

Anti-HBV treatments* 168 (72.1%) 164 (70.4%) 0.934

Anti-HCV treatments** 13 (5.6%) 11 (4.7%) 0.204

Diabetes mellitus 18 (7.7%) 19 (8.2%) 1.000

Cigarette smoking 55 (23.6%) 63 (27.0%) 0.456

Alcohol abuse 28 (12.0%) 38 (16.3%) 0.232

HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; * compared only in HBV positive patients; **
compared only in HCV positive patients.
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Table 3. Cox proportional hazard regression model of variables associated with development of
hepatocellular carcinoma
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        Univariate analysis Multivariate analysis

Variables Classi�cation
criteria

n events HR (95% CI) P
value

HR (95% CI) P
value

Age (years) ≤40 269 23 1      

  >40 602 101 2.16 (1.37-
3.39)

0.001 2.18 (1.38-
3.46)

0.001

Gender Female 268 25 1      

  Male 603 99 1.92 (1.24-
2.98)

0.004 1.72 (1.06-
2.78)

0.027

CP Class A 534 73 1      

  B 337 51 1.14 (0.80-
1.64)

0.460    

HBV ≤1000 copy/ml 411 49 1      

  >1000 copy/ml 387 66 1.44 (0.99-
2.08)

0.055 1.36 (0.95-
1.94)

0.096

Anti-HBV No 250 29 1      

  Yes 548 86 0.66 (0.43-
1.009)

0.055 0.75 (0.50-
1.12)

0.161

HCV ≤1000 copy/ml 31 4 1      

  >1000 copy/ml 48 6 0.87 (0.24-
3.11)

0.866    

Anti-HCV No 42 5 1      

  Yes 37 5 0.81 (0.23-
2.84)

0.813    

Smoking No 636 76 1      

  Yes 235 48 1.91 (1.33-
2.75)

<0.001 1.45 (0.98-
2.15)

0.067

Alcohol
use

No 739 100 1      

  Yes 132 24 1.39 (0.89-
2.18)

0.146    

Diabetes No 800 113 1      

  Yes 61 8 0.87 (0.42-
1.78)

0.702    

Treatments Non-splenectomy 464 75 1      
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  Splenectomy 407 49 0.63 (0.44-
0.90)

0.012 0.55 (0.32-
0.95)

0.031

CP, Child-Pugh; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio; CI, con�dence interval

 

Table 4. Clinical characteristics and treatments of patients developing hepatocellular carcinoma in the
two comparison cohorts of patients

  Splenectomy Non-splenectomy  P value

Hepatocellular carcinoma 49 (12.0%) 75 (16.2%) 0.005

Age 49±11 51±10 0.345

Male gender 38 (77.6%) 61 (81.3%) 0.651

Hepatitis     0.739

 B 45 (91.8%) 70 (93.3%)  

 C 4 (8.2%) 5 (6.7%)  

Tumor size (cm) 5.8±2.8 5.0±2.4 0.091

Tumor location     0.744

 Right lobe 31 (70%) 49 (45.8%)  

 Left lobe 7 (10%) 13 (20.8%)  

 Bilobar 11 (20%) 13 (33.4%)  

Tumor number     0.097

 single 25 (51.0%) 27 (36.0%)  

 multiple 24 (49.0%) 48 (64.0%)  

Treatments     0.040

 Surgical resection 6 (12.2%) 25 (33.3%)  

 Liver transplant 2 (4.1%) 4 (5.3%)  

 TACE/RFA 21 (42.9%) 23 (30.7%)  

 Supportive treatments 22 (44.9%) 27 (36.0%)  

TACE, transcatheter arterial chemoembolization; RFA, radiofrequency ablation.

Figures
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Figure 1

Cumulative incidence of hepatocellular carcinoma in splenectomy and non-splenectomy groups before
(A) and after (B) propensity score matching analysis (p=0.005 and 0.028, respectively).
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Figure 2

A. Overall survival of the patients in splenectomy and non-splenectomy groups (p=0.899). B. Overall
survival of the patients with hepatocellular carcinoma in splenectomy and non-splenectomy groups
(p=0.493).

Figure 3

Possible mechanism concerning impacts of splenectomy on development of hepatocellular carcinoma in
patients with liver cirrhosis and portal hypertension.


