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The long-term effects of splenectomy and subsequent interferon
therapy in patients with HCV-related liver cirrhosis
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Abstract. Partial splenic embolization (PSE) or splenectomy
is widely performed to increase platelet counts for interferon
(IFN) therapy. The aim of the present study was to evaluate the
long-term effects of splenectomy and subsequent IFN therapy
in patients with hepatitis C virus (HCV)-related liver cirrhosis
(LC). The present study included 19 patients with HCV-related
LC who underwent splenectomy for thrombocytopenia
caused by hypersplenism. IFN therapy was performed in all
19 patients. The effects of splenectomy and subsequent IFN
therapy on peripheral blood counts, liver function, carcino-
genesis and survival rates were evaluated. Splenectomy was
safely performed in all patients without major complications
with the exception of portal thrombosis, which, however,
it did not affect liver function when treated appropriately.
Thrombocytopenia improved and IFN therapy could be
performed in all the patients. A sustained virological response
(SVR) was not observed in patients with genotype 1 although
it was observed in 75% of patients with genotype 2. Due to
severe side effects, five patients did not undergo scheduled
IFN therapy. Over 5 years, the mean platelet number increased
from 5.2x10* to 16.8x10*/mm? (P<0.01) and liver function
improved following splenectomy (albumin, Alb: 3.5-3.8 g/dl;
total bilirubin, T-Bil: 1.0-0.7 mg/dl; prothrombin time, PT:
74.1-97.7%; total cholesterol; T-cho: 140-168 mg/dl; P<0.05).
Hepatocellular carcinoma (HCC) occurred in only one patient
during long-term observation and follow-up of the patients not
presenting with HCC at entry. The results of the present study
demonstrate that splenectomy followed by inferon therapy
could be beneficial in patients with HCV-related LC.
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Introduction

Chronic hepatitis C with cirrhosis is a major risk factor for
hepatocellular carcinoma (HCC). It has been reported that the
annual incidence of HCC is ~7% in patients with hepatitis C
virus (HCV)-related liver cirrhosis (LC) (1). In patients with
HCV-related LC, achievement of a sustained virological
response (SVR) following interferon (IFN) therapy was found
to be associated with a reduction in liver-related mortality
and with a lower risk of liver-related complications and the
occurrence of HCC (2-4). IFN therapy has also been reported
to reduce the severity of liver tissue fibrosis and inflam-
mation (5). The patients achieving SVR had the greatest
improvements in fibrosis and inflammation. The patients who
achieved HCV RNA suppression under the level of detection
during treatment, but who relapsed subsequent to treatment
discontinuation, also experienced improvements in fibrosis
and inflammation.

Pancytopenia is a common manifestation in cirrhotic
patients due to the increasing platelet pool in the enlarged
spleen, reduction of thrombopoietin production in the failing
liver and platelet destruction due to an immunological mecha-
nism. The presence of severe thrombocytopenia in patients
with cirrhosis associated with HCV infection limits the use
of IFN therapy (6-8). Therefore, management of thrombocyto-
penia prior to antiviral treatment should be considered.

Laparoscopic splenectomy (9,10), partial splenic emboli-
zation (PSE) (11,12) and administration of a thrombopoietin
receptor agonist (13) are considered useful treatment options
for thrombocytopenia with chronic liver disease. The results
of antiviral therapy with thrombopoietin receptor agonists
remain under investigation. Splenectomy and PSE could be
useful treatments for thrombocytopenia, however, further
investigation is required to identify which treatment is better
in terms of safety and a successful outcome following anti-
viral treatment. Splenectomy has a greater effect in raising
the platelet count and has recently been employed as a salvage
therapy following PSE (14), making it highly reliable for
raising platelet counts. However, splenectomy in general is
considered to be associated with a potential risk of infection.
A meta-analysis of follow-up studies involving 19,680 patients
who underwent splenectomy demonstrated that the incidence of
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sepsis among post-splenectomy adult patients was low and that
a high mortality rate was observed only among children (15).
It appears that splenectomy is reasonably safe in adult patients.
We previously reported that splenectomy improves liver func-
tion in patients with LC (16). Thus, splenectomy appears to
be the definitive treatment for hypersplenism and IFN therapy
following splenectomy is efficacious and safe (17-20).

However, there are only a few studies that have examined
the long-term effects of splenectomy and subsequent IFN
therapy in patients with HCV cirrhosis and thrombocytopenia.
In the present study, the effect of IFN therapy following sple-
nectomy was investigated in patients with HCV-related LC
during long-term follow-up.

Materials and methods

Patients. Between January 2005 and April 2010, 19
HCV-related cirrhotic patients with hypersplenism underwent
splenectomy and were followed up for over 2 years at the Mie
University School of Medicine (Tsu, Mie, Japan). Patients
were diagnosed as having LC using a combination of labo-
ratory tests, including ultrasonography (US) and computed
tomography (CT), and this was confirmed during surgery. The
eligibility criteria for the present study were adequate liver
function (Child-Pugh class A or B) and thrombocytopenia
(platelet count <8x10*/mm?). The reasons for splenectomy
included difficulties in starting or continuing IFN therapy
due to thrombocytopenia. The clinical characteristics of the
patients prior to splenectomy are shown in Table I. There were
13 patients who did not have HCC, however, six patients had a
history of HCC treatment and had received therapy for HCC
prior to starting IFN.

Splenectomy. Splenectomy was principally performed lapa-
roscopically, however, whether open surgery or laparoscopy
was selected depended on the size of the spleen and the
presence of complications. The patient was placed in the
right semi-decubitus position under general anesthesia and
pneumoperitoneum was induced. Dissection of the splenocolic
ligament and parietal peritoneum using the vessel sealing
system (Ligasure Atlas™; Valleylab, Boulder, CO, USA) was
started from the lower pole and then proceeded to the upper
pole through the lateral side of the spleen. Following sufficient
mobilization of the spleen, the splenic hilum was stapled with
linear staplers and the fractured spleen was delivered from the
extended wound.

Therapy for HCV. When platelet counts were increased
and the general condition of the patient had stabilized
following splenectomy, IFN therapy was initiated. The
combination of peginterferon a-2b (PEG-IFNa2b; Peglntron;
Schering-Plough Pharmaceutical, Osaka, Japan) and ribavirin
(RBV; Rebetol; Schering-Plough Pharmaceutical) was used.
The dosage was determined using a weight-based regimen.
The treatment durations were 48 and 24 weeks for patients
with HCV genotypes 1 and 2, respectively. Dose reduction and
discontinuation measures were used in the event of cytopenia,
other complications and treatment ineffectiveness.

The effect of IFN therapy was classified according to the
elimination of HCV-RNA and the alanine aminotransferase
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(ALT) value 6 months following the end of treatment. SVR
was defined as the persistent disappearance of HCV RNA
following therapy, the biochemical response (BR) was defined
as normal ALT values without elimination of HCV RNA for
at least 6 months following therapy and no response (NR) was
defined as persistently elevated or transiently normalized ALT
levels without the loss of HCV RNA.

For patients who did not attain SVR, the combination
therapy of PEG-IFNa2a + RBV or IFNP + RBV was used
as a follow-up treatment aimed at achieving SVR. If this was
not possible due to problems in the past treatment history or
blood cell counts, IFN monotherapy was performed wherever
possible (specifically, 90 ug of PEG-IFNa2a or 180 ug of
PEG-IFNa2a was used every 1 or 2 weeks or 3,000,000 units
of natural IFN was used three times a week).

Follow-up of patients. Patients were followed up on a monthly
basis following the diagnosis of cirrhosis by monitoring hema-
tological, biochemical and virological data. Imaging studies
were conducted three or more times per year in the majority
of patients using CT or US. Angiography was performed only
when there was a high suspicion of HCC on CT or US.

The follow-up period was defined as the duration between
the date of splenectomy and either the date of mortality or the
latest date of confirmed survival.

Statistical analysis. Data values are expressed as the
means + standard deviation. Pre-splenectomy and 5 years
post-splenectomy data were compared using a paired t-test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Splenectomy. Splenectomy was safely performed in all the
patients without major complications with the exception
of portal thrombosis, which occurred in several patients,
but did not affect liver function when treated appropriately.
Significant increases in platelet counts and leukocyte counts
were observed following splenectomy. The mean platelet
count at 4 weeks following splenectomy was 20.3x10*/mm?
(P<0.0001). The mean leukocyte count at 4 weeks following
splenectomy was 6.3x10*/mm?* (P<0.0001). The mean hemo-
globin (Hb) prior to and following splenectomy remained
almost identical at 12.1 g/dl prior to and 11.7 g/dl following
(not significant; Fig. 1).

Response to IFN therapy. IFN therapy was initiated in all
patients. Table II shows the effect of IFN therapy following
splenectomy. SVR was not observed in patients with geno-
type 1, but was observed in 75% of patients with genotype 2.
Out of 15 patients with genotype 1, five discontinued IFN
therapy as they exhibited certain side effects, including
interstitial pneumonitis, HCV-associated glomerulonephritis
or leukopenia. All the patients with genotype 2 were able to
continue IFN therapy.

In the group not achieving SVR, a switch to PEG-IFNo2a +
RBYV or to long-term IFN monotherapy was considered to
achieve SVR. In the group with no previous HCC, 4 patients
received 90 ug of PEGIFNa2a every other week, 1 patient
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Table I. Clinical features of hepatitis C patients prior to
splenectomy.

Factor (n=19) Values
Age (years) 56+7
Male/female 11/8
Child-Pugh score (5/6/7/8) 6/10/2/1
Serum albumin (g/dl) 3.5+0.5
Total bilirubin (mg/dl) 1.0£04
Prothrombin time (%) 74.1+12.1
WBC count (/mm?) 2945+841
Platelet count (/10*mm?) 52+1.5
Treatment history for hepatocellular carcinoma 6/13
Treatment history with interferon 6/13
HCV genotype (1/2) 15/4
HCV load (log IU/ml) 5.9+0.8
WBC, white blood cell; HCV, hepatitis C virus.
Table II. IFN therapy following splenectomy.

Genotype 1 Genotype 2
Factor (n=15) (n=4)
Continued 10 4
Discontinued 5 0
SVR 0 3
Relapse 1 1
BR 2 0
NR 9 0

IFN, interferon; SVR, sustained virological response; BR, biochemical
response; NR, no response.

received 180 ug of PEG-IFNa2a weekly, 2 patients received
IFNB+RBYV cotherapy,2 patients received PEG-IFNa2a+RBV
cotherapy and 2 patients received 3,000,000 units of natural
IFNa three times a week. In the group with previous HCC,
only 1 patient received PeglFNa2a + RBV cotherapy. IFN
could not be used in the other patients due to HCC recurrence.

Changes in hematological and biochemical parameters
following splenectomy. The mean leukocyte and platelet counts
increased in patients following splenectomy (Fig. 1). Over
5 years, the mean platelet number increased from 5.2x10*
to 16.8x10*/mm?* (P<0.01) and the mean leukocyte number
increased from 2.9x10° to 6.3x10*/mm? (P<0.001). The mean
hemoglobin was virtually unchanged, from 12.1 to 12.8 g/dl
(not significant). The levels of albumin (Alb), total cholesterol
(T-cho), total bilirubin (T-Bil) and prothrombin time (PT)
improved following splenectomy. The mean Alb demonstrated
an upward trend from 3.5 to 3.8 g/dl, the mean T-Bil demon-
strated a downward trend from 1.0 to 0.7 mg/dl, the mean PT
demonstrated an upward trend from 74.1 to 97.7% and the mean
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Figure 1. Changes in peripheral blood counts following splenectomy. WBC,
white blood cell; Hb, hemoglobin; Plt, platelets.
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Figure 2. Changes in liver function following splenectomy. Alb, albumin;
T-cho, total cholesterol; T-Bil, total bilirubin; PT, prothrombin time.

T-cho increased from 140 to 168 mg/dl (P=0.0421), 5 years
following splenectomy (Fig. 2). These results indicated that,
at the very least, there was no deterioration in liver function.

Hepatocarcinogenesis and mortality following splenectomy
and IFN combination therapy. Fig. 3 shows the clinical course
of the 13 patients without previous HCC. The mean follow-up
period in the group without HCC was 4.8 years. Wherever
possible, IFN therapy was also administered to patients who
did not achieve SVR. New HCC occurred in only one patient
during the observation period and all patients survived during
this period.

The mean follow-up period was 4.8 years in the group with
a history of HCC treatment. HCC recurrence was observed
in four patients, however, it was treatable in all the patients.
Curative treatment by radiofrequency ablation (RFA) with



490

INAGAKI et al: SPLENECTOMY FOR HCV-RELATED CIRRHOSIS

Age Sex Geno RNA Viral Splenectomy O Survival s IFN X HCC
type effect (+Rib) occurrence

49y F 1 high NR

54y F 2 low SVR [= o)

58y M 1 high NR O

57y F 1  high relapse — O

S51y F 2 high relapse — I ——)

4yF 2 low SVR — o)

55y F 1 high NR ——— o)

58y M 1 high discontinued — O

66y M 1 high NR — 0

54y M 1 high NR — xX—0

52y M 1  high discontinued |—S— NN 0O

67y F 1  high discontinued |—m se—

49yM 1 high BR b

50 (Months)

Figure 3. Clinical course following splenectomy in individual patients who underwent IFN therapy. IFN, interferon; HCC, hepatocellular carcinoma;
SVR, sustained virological response; BR, biochemical response; NR, no response; Rib, ribavirin.

transcatheter arterial chemoembolization (TACE) in two cases
was possible in all cases of HCC recurrence if it was the first
recurrence. Three patients had a second recurrence, two of
whom were treated by TACE + RFA and one was relieved by
partial resection following TACE treatment. One patient had a
third recurrence and developed distant metastasis, for which
treatment with sorafenib was initiated and TACE + RFA was
performed on the liver. There were no cases of liver failure
and all patients were Child-Pugh class A for liver fuction at
the final follow-up. All patients survived the follow-up period.

Discussion

In the present study, HCV-related cirrhotic patients with
hypersplenism underwent splenectomy to facilitate the
initiation and completion of IFN therapy. Since LC can cause
life-threatening conditions, including liver failure and HCC
within a few years, it is evident that treatment of such a severe
disease is an important medical objective. Although elusive,
SVR in patients with chronic hepatitis C and advanced liver
disease remains a significant objective. Previous studies (2,5)
have demonstrated that in patients receiving treatment,
particularly those whose virus is permanently eradicated,
the progression of fibrosis may be arrested and the cirrhosis
reversed. Despite the less favorable histological benefit in
non-responder patients, certain patients also demonstrated a
reduction in the histological activity index and fibrosis (5). In
addition, evidence suggests that antiviral therapy decreases the
rates of liver-related complications and mortality.

The present cases had severe leukopenia and thrombo-
cytopenia. Significant increases in leukocyte and platelet
counts were observed following splenectomy. These results
are consistent with those obtained in other studies (9,10,17-20).
Steady improvement of leukocyte and platelet counts is

beneficial for subsequent antiviral treatment. PSE can be an
effective treatment for thrombocytopenia with hypersplenism.
Splenectomy and PSE could be useful treatments for throm-
bocytopenia, however, further investigation is required to
identify which treatment is better in terms of safety and a
successful outcome following antiviral treatment. In cases of
severe thrombocytopenia, we hypothesize that splenectomy
is more beneficial from the perspective of increasing platelet
counts for antiviral therapy. In cirrhotic patients with severe
thrombocytopenia, splenectomy may be a better supportive
intervention than PSE (20). Splenectomy can be effective as
salvage treatment even if relapsed thrombocytopenia occurs
following PSE (14). Platelets have been found to increase from
5.4x10*/mm? prior to splenectomy to 18.4x10*/mm? there-
after (21), whereas following PSE, an increase from a mean
value of 4.5x10* to 11.6x10*/mm? has been reported, although
this was with infarcted splenic volume (12). Splenectomy is
superior in terms of the level of the increase in platelet count
and the low level of relapsed thrombocytopenia following
platelet increase. For this reason, splenectomy is expected to
be more reliable in raising platelet counts in cases of severe
thrombocytopenia and it is highly likely that this increase may
be sufficient for IFN therapy.

The results of IFN therapy in the present study are discussed
below. As shown in Table I, IFN could not be initiated prior
to splenectomy. IFN therapy was initiated in all the patients
following splenectomy. SVR was not observed in patients
with genotype 1, however, it was observed in three patients
(75%) with genotype 2. Due to severe side effects, including
interstitial pneumonitis, HCV-associated glomerulonephritis
or leukopenia, five patients with genotype 1 discontinued IFN
therapy. All the patients with genotype 2 were able to continue
IFN therapy. These data suggest that in patients with geno-
type 2 in particular, splenectomy did improve the effectiveness
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of IFN therapy. However, in subjects infected with genotype 1,
the result was far less satisfactory. The presence of advanced
fibrosis and cirrhosis has always presented an obstacle to
obtaining viral eradication during antiviral therapy (22,23).
The results of therapy differ according to the different clinical
stages of cirrhosis (24). As the severity of liver disease deterio-
rates, the rate of SVR decreases and viral eradication is often
hampered by the occurrence of adverse events. The develop-
ment or exacerbation of cytopenia in patients with cirrhosis
may increase the risks of infection, bleeding, anemia-related
fatigue and poor stamina or exercise intolerance, eventually
causing the patient to withdraw from the treatment program.
Furthermore, when HCV-related LC patients with portal hyper-
tension were treated with the PEG-IFN + RBV cotherapy, 14
out of 51 patients had to cease treatment within 24 weeks due
to adverse events (25). In the present study, numerous patients
had severe fibrosis or portal hypertension, as is reflected in
the platelet counts, and the figure for SVR was low, particu-
larly in genotype 1 patients. The relatively poor SVR rate in
patients with genotype 1 mirrors other studies (26). The rate
of SVR with PEG-IFN + RBYV ranged from 10 to 44% for
HCYV genotypes 1/4 and 33 to 72% for HCV genotypes 2/3
in compensated cirrhosis (26). This treatment is thus highly
useful in genotype 2 patients.

As well as increased leukocyte and platelet counts, the
present subjects also demonstrated long-term improvement in
liver function. Improved liver function following splenectomy
has been previously reported (16). In the present study, liver
function was likely to improve 5 years following splenectomy.
The reasons for the improvement in liver function following
splenectomy included: i) the resolution of portal hyperten-
sion; ii) the removal of hepatic regeneration inhibition factors
in the spleen; iii) the alleviation of the prehepatic bilirubin
burden due to a decrease in sites of erythrocyte destruction
and iv) the enhancement of hepatic regeneration promotion
factors. This discussion focuses on the removal of hepatic
regeneration inhibition factors and the enhancement of hepatic
regeneration promotion factors. Several studies have focused
on the removal of hepatic regeneration inhibition factors.
For example, in LC rats, TGF-p derived from the spleen
and hepatic stellate cells inhibited liver regeneration and
splenectomy improved liver regeneration and prevented the
progression of liver fibrosis (27,28). In LC with portal hyper-
tension, hepatic stellate cells are activated (29) and TGF-f is
overproduced as a result of splenic cell activation (27). It is
likely that splenectomy improves liver regeneration due to loss
of the TGF-f3 signal from the spleen and the downregulation
of TGF-f from hepatic stellate cells due to the alleviation of
portal hypertension.

Focus has been given to liver regeneration factors,
including evidence that splenectomy leads to enhanced liver
regeneration via the liver regeneration initiator TNF-a (30).
Studies have demonstrated that platelets have marked effects
in promoting liver regeneration (31). A review (32) presented
experimental evidence demonstrating that platelets accelerate
liver regeneration, involving three different mechanisms: i) the
direct effect on hepatocytes, where platelets translocate to
the space of Disse and release growth factors through direct
contact with hepatocytes; ii) the co-operative effect with liver
sinusoidal endothelial cells, where the dense concentration
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of sphingosine-1-phosphate in platelets induces excretion of
interleukin-6 from liver sinusoidal endothelial cells and iii) the
collaborative effect with Kupffer cells, where the functions of
Kupffer cells are enhanced by platelets.

Carcinogenesis was also rare in patients with previous
HCC who did not achieve SVR. This was possibly due to two
mechanisms, one of which is the cancer inhibition effect due to
the reduction of portal pressure. The other mechanism was due
to the use of IFN therapy. Although the extent of the decrease
in portal pressure following splenectomy was not measured in
the present study, previous studies have reported lower portal
pressure following splenectomy. Ripoll et al demonstrated that
the hepatic venous pressure gradient predicts the development
of HCC independently of the severity of cirrhosis (33). It is
thus possible that decreased portal pressure and decreased
carcinogenesis are involved.

The use of IFN therapy, including long-term IFN mono-
therapy, also appears to have benefits in patients not achieving
SVR. For example, the hepatitis C antiviral long-term treat-
ment against cirrhosis (HALT-C) trial was designed to
confirm the effect of PEG-IFN half-dose administration to
patients who did not achieve SVR in previous IFN therapy.
Extended analysis of the HALT-C cohort demonstrated that
patients with cirrhosis who received PEG-IFN treatment had a
reduced incidence of HCC (34).

The effect on blood biochemistry persisted over the long
term. The long-term persistence of this effect was possibly due
to splenectomy as well as antiviral therapy. In SVR patients
and those with no virological response, very few patients with
no previous history of HCC developed HCC and all achieved
long-term survival. Although recurrence was not suppressed in
patients with previous HCC, liver function was maintained and
repeat treatment was possible. The present was a retrospective
study, however, despite its limitations, further development of
these treatments is anticipated. In HCV-related LC with severe
thrombocytopenia, splenectomy and subsequent IFN therapy
is potentially useful in improving the inhibition of fibrosis,
suppressing HCC and improving survival rates. However,
future investigations using new antiviral therapy, including
protease inhibitors are crucial in order to overcome the low
rate of SVR in genotype 1 patients.
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