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Abstract

Purpose Patients with advanced hepatocellular carci-
noma (HCC) have few treatment options. Thymalfasin
(thymosin o-1) is an immunomodulator that may increase
response to ablative therapy through direct anti-tumor
action or enhanced protection against infections. We
compared transarterial chemoembolization (TACE) plus
thymalfasin with TACE alone for unresectable HCC.
Methods In this phase II, randomized trial, 25 patients
received either TACE plus thymalfasin (1.6 mg SC, 5
times weekly; n = 14) or TACE alone (n = 11) for
24 weeks. Response was defined as transition to transplant
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eligibility or lack of disease progression through week 72.
Survival was assessed through 24 months post-treatment.
Results FEight of fourteen (57.1%) patients in the
TACE + thymalfasin group versus 5 of 11 (45.5%)
patients in the TACE-only group became responders
(P = 1.0). Four of fourteen TACE + thymalfasin patients
versus none of 11 TACE-only patients became eligible for
transplant. Median overall survival time was 110.3 weeks
for the TACE + thymalfasin group versus 57.0 weeks for
the TACE-only group (P = 0.45). Seven patients in each
group experienced serious adverse events; there were no
bacterial infections in the TACE + thymalfasin group
versus 4 in the TACE-only group. There were 3 deaths in
the TACE + thymalfasin group and 5 in the TACE-only
group.

Conclusions In patients with unresectable HCC,
TACE + thymalfasin resulted in numerically higher rates
of survival and tumor response, including transplant can-
didacy, with fewer bacterial infections, than TACE alone.
Treatment regimens for HCC including thymalfasin as an
immunomodulator should be evaluated in larger trials.

Keywords Hepatocellular carcinoma - Unresectable -
Thymosin o-1 - Transarterial chemoembolization -
TACE

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
solid tumor in the world, and the third most common cause
of cancer death [1, 2]. Between 500,000 and 1 million new
cases of HCC are diagnosed annually [2, 3]. Evidence
documents that the incidence of HCC is rising across
several countries, including the United States [4-6]. The

@ Springer



Hepatol Int

prognosis for a patient with HCC is generally poor and
highly dependent on tumor stage and underlying liver
function [7]. For patients with small tumors and well-
compensated liver function, curative options include sur-
gical resection, liver transplantation, or local ablation [8].
However, most patients presenting with HCC have
advanced tumor-stage disease and the prognosis is usually
poor [5, 7]. Detected after the onset of symptoms, HCC has
a S-year survival rate of 0-10% [7-10].

Among patients with advanced disease who do not
qualify for surgical or liver transplantation therapies, the
only non-chemotherapeutic treatment that has been shown
to increase survival is sorafenib [11]. For patients who are
not surgical candidates but have tumors small enough for
ablative therapy with reasonable liver function, radiofre-
quency ablation and transarterial chemoembolization
(TACE, a combination of regional chemotherapy and some
form of hepatic artery occlusion) have been shown to
improve survival in randomized clinical trials [9-13].
TACE can induce tumor necrosis in more than 50% of
patients, and response to treatment was associated with
increased survival in a large, phase III study [10, 14].
Treatment guidelines now recommend TACE for nonsur-
gical patients with large or multifocal HCC and no vascular
invasion or extrahepatic spread [8]. However, fewer than
2% of patients achieve a complete response with TACE;
during follow-up, tumor regrowth commonly occurs and
TACE procedures must be repeated as needed [8]. Com-
bining TACE with adjuvant therapies such as thymalfasin
may increase its efficacy in this difficult-to-treat patient
population, although there are no large, randomized, phase
IIT trials to document the benefit of combined therapies
with ablative treatments.

Thymalfasin, or thymosin «-1, is an immunomodulatory
and antiviral agent that is approved in 35 countries
worldwide. It has been primarily used for the treatment of
chronic hepatitis B in China and has been studied in
numerous patient populations in the United States. Thy-
malfasin promotes T-cell differentiation, enhances cyto-
kine (IFN-y, IL-2, IL-3) production, and downregulates
T-cell apoptosis [15-23]. It has been shown to decrease
tumor cell growth both in vitro and in vivo [24-28] and has
demonstrated therapeutic usefulness in several types of
cancer, including non-small cell lung cancer and malignant
melanoma [29-31]. One phase II study has been completed
that examined the efficacy and safety of thymalfasin for the
treatment of HCC [32]. This study demonstrated that thy-
malfasin 0.9 mg/m? SC biweekly for 6 months plus TACE
(using 40-60 mg of doxorubicin) resulted in longer sur-
vival than historical controls treated with TACE alone
(82% vs. 41% at 7 months after end-of-treatment;
P < 0.05). Patients in the TACE + thymalfasin group also
showed significant increases in levels of CD8 and NK cells,
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consistent with other trials in which thymalfasin appeared
to prevent chemotherapy- or radiation-induced immune
suppression [29, 33]. This mechanism may theoretically
protect patients from complications of chemotherapy such
as infections.

In the current randomized, active-controlled study, we
hypothesized that for patients with unresectable HCC,
adding thymalfasin to TACE would increase tumor
response and survival time compared with treatment with
TACE alone. The total daily subcutaneous dose of thy-
malfasin, 1.6 mg 5 times weekly, was chosen on the basis
of the dose shown to be most effective in causing tumor
regression in a previous study using thymalfasin as part of
a treatment regimen for metastatic melanoma [34]. The
control group was treated with TACE alone since TACE
was the standard of care for palliative treatment of patients
with unresectable HCC at the time of this trial.

Materials and methods
Study design

A phase II, open-label, randomized, active-controlled study
was performed in adult patients with unresectable HCC.
Unresectable was defined as not treatable by surgical
resection due to the presence of portal hypertension or by
liver transplant due to the patient’s disease severity being
outside UNOS/Milan criteria (http://www.unos.org/) or due
to comorbid conditions prohibiting a surgical procedure.
Patients were randomized 1:1 to either TACE plus thy-
malfasin, 1.6 mg SC 5 times weekly, or TACE alone for
24 weeks (Fig. 1). Randomization was carried out centrally
using a randomization table and was stratified by clinical
staging using the Okuda classification system [35]. After the
treatment period, patients were monitored for 48 weeks
(through week 72) and received TACE at the discretion of
the investigator if tumor growth occurred. Patients were

N=25

TACE + thymalfasin, n=14

TACE only, n=11
TACE +
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Fig. 1 Study design
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assessed regularly throughout treatment and follow-up by
history and physical examination, chest radiographs, and
laboratory measurements. Magnetic resonance imaging
(MRI) or computed tomographic (CT) scan was used to
assess tumors at screening and weeks 8, 24, 48, and 72. The
same imaging technique was always used for a given patient.
Tumor response was assessed using the response evaluation
criteria in solid tumors (RECIST) and included complete
response (CR), partial response (PR), stable disease (SD), or
progression of disease (PD) [36]. Other variables assessed
were overall survival and survival rates, achievement of
eligibility for liver transplantation because of tumor down-
staging, changes in a-fetoprotein (AFP) levels, and Eastern
Cooperative Oncology Group (ECOG) performance status
[36]. Patients who completed the study through week 72
were followed for survival via telephone contact every
12 weeks for up to 24 months following the completion of
treatment, for a total treatment plus follow-up time of
30 months after the date of randomization. Tumor mea-
surements and interpretation of the scans were performed
centrally by radiologists blinded to treatment assignment.

In the TACE plus thymalfasin arm, the first injection of
thymalfasin was administered on the same day that the
patient had the TACE procedure, immediately prior to the
procedure, or within 48 h after the procedure. If the patient
underwent subsequent TACE procedures, thymalfasin
injections continued according to the ongoing injection
schedule (5 times a week, Monday through Friday). TACE
procedures could have been performed up to 4 times during
the protocol. The number of TACE procedures per patient
was determined by the treating physician in accordance
with the participating site’s guidelines for performing
TACE. TACE procedures were performed under radio-
graphic control following the site’s guidelines and used
either doxorubicin or cisplatin. The total dose of doxoru-
bicin given with the total number of TACE events was to
remain less than 450 mg/m?, and each patient should have
recovered bone marrow function prior to the next cycle.
The dose of cisplatin with each TACE procedure was
100 mg/m? or less. The dose could be modified to comply
with the participating site’s TACE guidelines.

Patients

Eligible patients were adults, 18 years or older, with un-
resectable HCC, a Child-Pugh classification of A or B, and
a MELD (Model for End-Stage Liver Disease) score of no
more than 20. HCC must have been diagnosed by liver
biopsy, or, if biopsy was contraindicated, by either one of
the following: (1) a hepatic mass larger than 2 cm on cross-
sectional imaging with the AFP level at least 1000 ng/ml or
(2) a hepatic mass on ultrasound, MRI, or CT scan, with the
AFP level less than 1000 ng/ml when one of the following

was present: one additional image by a different technique
suggestive of HCC; the hepatic mass had doubled in
diameter over time; or the AFP level had progressively
risen to more than 200 ng/ml and tripled from the mean
baseline level. The HCC had to be documented as unre-
sectable on the basis of tumor size or location, or on the
patient’s insufficient liver function to support hepatectomy.
In addition, the patient was judged ineligible for liver
transplant either on the basis of staging criteria (patients
were judged ineligible for transplant if they had a single
HCC nodule >5 cm in diameter, or more than 3 nodules
present, or up to 3 nodules with 1 or more nodules >3 cm
in diameter) or on the basis of an assessment by the
transplant team. Patients were also required to have
hematocrit of more than 30%, platelet count of more than
50000/pl, white blood cell count of more than 2.0 x 109/1,
polymorphonuclear leukocytes of more than 1.0 x 10%/1,
and serum creatinine level less than 1.5 mg/dl. Female
patients were required to use birth control or to be surgi-
cally sterile or postmenopausal.

Patients were excluded from the study if they were
taking any hepatotoxic or immunosuppressive drug, had
portal vein thrombosis or hepatic artery malformation,
were infected with human immunodeficiency virus, had a
malignancy other than HCC within the prior 10 years
(except for curatively treated skin cancer or surgically
cured in situ carcinoma of the cervix), used alcohol or
intravenous drugs within the prior 3 months, had been
previously treated with thymalfasin, or if they were poor
medical or psychiatric risks in the opinion of the investi-
gator. Patients were also excluded if they failed to meet the
requirements of Child-Pugh category or MELD score or if
HCC was amenable to treatment by surgical resection or
transplantation.

Efficacy endpoints

Efficacy variables included response rate. A patient became
a responder by fulfilling either of two criteria: (1) becom-
ing eligible for transplant by week 72 or (2) demonstrating
a lack of progression through week 72. Progression was
defined, per RECIST criteria [36], as 20% or more increase
from baseline in the sum of the maximum diameters of the
target lesions or the appearance of one or more new
lesions. Patients could fulfill the criteria for lack of pro-
gression at any of the prespecified imaging times (weeks 8,
24, 48, and 72) through week 72. If a patient had a CR or
PR that occurred before progression, the patient was clas-
sified as a responder. Patients who withdrew prior to week
72 were classified as nonresponders unless they became
eligible for transplant. A patient’s tumor response would
also be classified as missing equals failure if data on tumor
size were not available (modified intent-to-treat [MITT]).
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Other efficacy analyses included survival, ECOG per-
formance status, decrease in AFP, no new metastases, best
tumor response, and duration of tumor response. ECOG
performance status was assessed at screening and weeks 4,
12, 24, 48, and 72. ECOG categories included grades 0, 1,
2, 3,4, and 5, where 0 is “fully active without restriction,”
4 is “completely disabled” (confined to bed or chair), and 5
is “dead” [37]. Using AFP, a complete responder was
defined as having normal AFP and a partial responder was
defined as having at least a 50% reduction from baseline in
the AFP level. AFP was measured by local laboratories at
baseline and weeks 4, 12, 24, 36, 48, and 72. Best tumor
response was defined as the best response recorded from
the start of treatment until disease progression or recur-
rence. Duration of response was defined as the time from
the best response to the time of progressive disease.

Safety analyses

Safety parameters included adverse events, serious adverse
events, laboratory abnormalities, and deaths. Safety anal-
yses were evaluated for all randomized patients who
received at least one dose of study medication or a TACE
procedure. The WHO Toxicity Grading System was used
for all adverse events.

Statistical analyses

A sample size of 18 patients per treatment arm was planned
for this pilot study. The sample size estimate was based on
the tumor response endpoint in the MITT population,
which included all randomized patients who received at
least one dose of study medication or a TACE procedure.
The response rate was expected to be 50% in the
TACE + thymalfasin treatment arm and 20% in the con-
trol arm (TACE alone). Assuming o = 0.068 and ff = 0.2
(corresponding to a power of 80%), 18 subjects per group
(36 subjects in total) were needed to detect a difference of
30% (i.e., 50% vs. 20%) between the two groups. Since this
study was designed primarily as a safety study, we esti-
mated the small number of patients who could be recruited
in a short time period to help complete the initial clinical
research component of the medication development.
Therefore, we did not target a statistically significant dif-
ference in efficacy (P < 0.05) as the value to power the
study. Descriptive statistics were planned to summarize
efficacy variables. These included sample size, mean,
standard deviation, median, minimum and maximum for
continuous variables, and number and percentage of
patients for categorical variables.

Efficacy and safety analyses were completed using the
MITT method, in which all patients who received one dose
of thymalfasin and at least one embolization were included.
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For the tumor response efficacy endpoint (response) and for
biochemical (AFP) response, patients with missing data
were considered not to have a response for that endpoint. A
two-sided 95% confidence interval for both the median
overall survival and the percentage survival was calculated.

Results
Study population

Of 28 patients who were randomized, 3 withdrew before
receiving treatment and 25 received at least one dose of
study medication or a TACE procedure (Fig. 2). Fourteen
patients received TACE plus thymalfasin and 11 received
TACE only. There were 20 successful TACE procedures
for the 14 TACE plus thymalfasin patients and 21 suc-
cessful procedures for the 11 TACE-only patients.

Baseline demographic and disease characteristics of the
study population are shown in Table 1. Among randomized
patients, 79% were male, mean age was 60 years, and the
racial and ethnic makeup was mixed (43% of patients were
White). Among treated (MITT) patients at baseline, the
median number of target lesions was 2 and the median sum
of their diameters was 10.01 cm (Table 1). Fifty-five per-
cent (6/11) of patients in the TACE-only group and 57%
(8/14) of patients in the TACE plus thymalfasin group were
anti-HCV positive. One of eleven (9%) patients in the
TACE-only group and 2 of 14 (14%) patients in the TACE
plus thymalfasin group were HBsAg positive.

Five patients (TACE plus thymalfasin: n = 1; TACE
only: n =4) completed 24 weeks of treatment and
48 weeks of follow-up (through week 72 of the study)
(Fig. 2). Reasons for study discontinuation included
transplant (TACE plus thymalfasin: n = 4), patient deci-
sion (TACE plus thymalfasin: n = 2; TACE only: n = 1),
loss to follow-up (one in each treatment group), protocol
violation (TACE plus thymalfasin: n = 2; TACE only:
n = 1), and death (TACE plus thymalfasin: n = 2; TACE
only: n = 4).

Response rate

Through 72 weeks, 57.1% (8/14) of patients in the group
receiving TACE + thymalfasin became responders versus
45.5% (5/11) in the group receiving TACE only (P = 1.0).
Among the 8 responders in the group receiving
TACE + thymalfasin, 4 patients became eligible for liver
transplant whereas none of the 5 responders in the TACE-
only group became eligible for transplant. Among the 4
patients who became eligible for transplant, 2 were clas-
sified as Okuda stage II and 2 as Okuda stage I at baseline.
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Fig. 2 Patient flow through the
study
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group receiving TACE + thymalfasin versus 57.0 weeks
for group receiving TACE only (P = NS; Fig. 3). When
transplant patients’ data were censored at the time of
transplant, survival time for the group receiving TACE +
thymalfasin was 83.3 weeks. At 24 weeks, 48 weeks, and
2 years, survival rates were consistently higher for the
group that received TACE + thymalfasin (Table 2).
Results for mean and median survival by baseline Okuda
stage are shown in Table 3.

ECOG performance status

At 24 weeks (end of treatment), 3 patients in each treat-
ment group had ECOG scores of 2 or less. At 48 weeks, 5
patients who received TACE only and no patient who
received TACE + thymalfasin had ECOG scores of 2 or
less. It is unknown how many patients had other ECOG
scores at these 2 time points.

TACE + thymalfasin versus 18.2% (2/11) of patients
receiving TACE only demonstrated a complete (normal
AFP) or partial response (> 50% reduction from baseline;
P = NS). Ten of fourteen patients in the group receiving
TACE + thymalfasin and 6 or 11 patients in the group
receiving TACE only had missing AFP levels at 24 weeks.
At 48 weeks, 7.1% (1/14) of patients in the TACE +
thymalfasin group versus 9.1% (1/11) of patients in the
TACE-only group were complete or partial responders.
Twelve of fourteen and 8 of 11 patients in the 2 groups had
missing AFP values at 48 weeks.

New metastases
At week 24, 1 patient in the TACE-only group demon-

strated new lesions. At week 72, 1 patient in the
TACE + thymalfasin group demonstrated new lesions.
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Table 1 Baseline demographic and disease characteristics®

Characteristic

TACE + thymalfasin (N = 14)

TACE only (N = 14) Total (N = 28)

Randomized population

Age, mean (SD), years 59.2 (9.1) 60.4 (6.7) 59.8 (7.9)
Male sex, n (%) 10 (71.4) 12 (85.7) 22 (78.6)
Race, n (%)

Asian 1(7.1) 4 (28.6) 517.9)

Black 3(21.4) 2 (14.3) 517.9)

White 6 (42.9) 6 (42.9) 12 (42.9)

Hispanic 2 (14.3) 2 (14.3) 4(14.3)

Other 2 (14.2) 0 2(7.2)

TACE + thymalfasin (N = 14) TACE only (N = 11) Total (N = 25)

MITT population

Target lesions, 1.50 (1-5)

median (range), n
Sum of diameters 11.24 (3.57-22.76)
of target lesions,

median (range), cm
Anti-HCV positive, n (%)
HBsAg positive, n (%)

8 (57)
2 (14)

2 (1-9) 2.00 (1-9)

7.49 (2.90-60.57) 10.01 (2.90-
60.57)

6 (55) 14 (56)

109 3 (12)

TACE transarterial chemoembolization, MITT modified intent-to-treat

? Demographic characteristics are described for the randomized population; disease characteristics are described for all treated patients (MITT

population)

ST Survival Analysis

0.8
=== TACE
06 = TACE/Thymalfasin
0.4 AP
0.2 R

* TACE Alone Median Survival: 57 Weeks (399 Days)

* TACE + Thymosin a-1 Median Survival: 110.3 Weeks (772 Days)
0-0 T T T T 1
0 50 100 150 200 250

Survival Time (Weeks)

Fig. 3 Kaplan—-Meier plot for survival

Table 2 Survival rates

Survival % Patients (95% CI)
TACE + thymalfasin (N = 14) TACE only (N = 11)
6 months 84 (84-85) 61 (60-62)
1 year 66 (65-67) 61 (60-62)
2 years 55 (54-56) 49 (48-50)

TACE transarterial chemoembolization
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Table 3 Survival by treatment group and baseline Okuda stage

TACE + thymalfasin TACE only
(N=14) (N=11)
Okuda stage lor2at n=13 n=11
baseline
Survival, weeks
Mean 74.1 73.6
Median (95% CI) 83.3 (25.0—unknown) 57.0
(20.0-127.9)
Okuda stage 3 at baseline n=1 n=0
Survival, weeks
Mean 143.6 NA
Median 143.6 NA

TACE transarterial chemoembolization, CI confidence interval, NA
not applicable

Best tumor response

The best tumor responses, by RECIST criteria, are shown
in Table 4. No patient in either treatment group demon-
strated a complete response. Partial response was achieved
by 14.3% (2/14) of patients who received TACE + thy-
malfasin and 18.2% (2/11) of patients who received TACE
only. Stable disease was the best tumor response for 35.7%
(5/14) of patients who received TACE + thymalfasin and
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Table 4 Best tumor responses by RECIST criteria®

Best tumor TACE + thymalfasin TACE only
response (N=14) (N=11)
Complete response 0 (0) 0 (0)
Partial response 2 (14.3) 2 (18.2)
Stable disease 5 (35.7) 2 (18.2)
Progression of 2 (14.3) 2 (18.2)
disease
Unknown 5 (35.7) 5 (45.5)

TACE transarterial chemoembolization

* Values given are number (percentage)

18.2% (2/11) of patients who received TACE only. Mean
duration of response was 64.9 weeks for TACE only and
78.8 weeks for TACE + thymalfasin.

Safety

Twenty-five patients received at least one dose of study
medication or a TACE procedure and were included in the
safety analyses (TACE + thymalfasin: n = 14; TACE
only: n = 11). Fourteen TACE + thymalfasin patients had
a total of 20 successful TACE procedures and 11 TACE-
only patients had a total of 21 successful TACE proce-
dures. The median number of thymalfasin doses for the 14
patients in the TACE + thymalfasin group was 72
(range = 1-131).

On-study safety is summarized in Table 5. Through
72 weeks, most patients in both treatment groups experi-
enced at least one adverse event. The most common
adverse events were nausea (TACE + thymalfasin 57%;
TACE only 64%) and fatigue (TACE + thymalfasin 43%;
TACE only 82%). Seven TACE plus thymalfasin patients
experienced 20 serious adverse events and 7 TACE-only
patients experienced 26 serious adverse events. Among
these, bacterial infections were reported for 4 TACE-only
patients (sepsis 1, bacterial peritonitis 1, cholecystitis 1,

Table 5 Summary of safety through week 72°

TACE + thymalfasin TACE only
(N=14) (N=11)
AEs 13 (93) 10 (91)
Discontinuation due 1(7) 0 (0)
to AE
SAEs 7 (50) 7 (64)
Death due to SAEs 32D 109
Deaths® 3 (21) 5 (45)

TACE transarterial chemoembolization, AE adverse event, SAE seri-
ous adverse event

* Values given are number (percentage)

" Through 30 months post-randomization

and catheter-related infection 1) versus no for TACE plus
thymalfasin patient.

No patient discontinued study treatment because of an
adverse event; 1 patient in the TACE + thymalfasin group
discontinued during the follow-up period (prior to the week
72 visit) because of terminal hepatorenal syndrome. There
were 35 severe, life-threatening, or fatal adverse events in
the TACE + thymalfasin group and 33 in the TACE only
group'; 3 of these were fatal for TACE + thymalfasin
patients and 1 was fatal for a TACE-only patient. From the
start of the study through 30 months postrandomization,
there were three deaths in the TACE + thymalfasin group
and five in the TACE-only group. No death was judged to
be related to thymalfasin.

Of the 23 adverse events judged possibly or probably
related to thymalfasin, most were mild and resolved
without sequelae. Only three of these events occurred in
more than one patient: nausea (n = 2), fatigue (n = 2), and
nipple pain (n = 2). Among laboratory assessments of
patients receiving TACE + thymalfasin, the variables with
the greatest percentage of patients that shifted from normal
at baseline to above normal at any time during the study
were monocytes (28.6%) and chloride (21.4%); the vari-
ables with the greatest percentage of patients that shifted
from normal at baseline to below normal at any time during
the study were lymphocytes (21.4%) and calcium (21.4%).
Overall, thymalfasin was well tolerated.

Discussion

The results of this pilot study show that for patients with
unresectable HCC, adding thymalfasin to a regimen of
TACE is generally well tolerated and may improve out-
comes. Response as defined in the protocol was higher
among patients who received thymalfasin and overall sur-
vival time for that group was nearly twice that of the group
treated with TACE alone, although the differences for these
endpoints did not reach statistical significance in this small
study. Similarly, the percentage of patients surviving after
2 years favored the TACE plus thymalfasin arm by 6%.
The longer survival time may reflect better tumor response
or fewer TACE-associated adverse events, or a combina-
tion of these factors. As the current trial was primarily a
safety study, the small sample size and lack of statistical
significance for differences in response rates are secondary
to our finding that adding thymalfasin to TACE is generally

' Of the severe, fatal, or life-threatening events, a subset met the
Food and Drug Administration (FDA) criteria for serious adverse
events. Some severe events did not meet the FDA seriousness criteria.
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well tolerated and merits further investigation as a treat-
ment regimen.

TACE has been shown to improve short-term survival
among patients with unresectable HCC but has associated
adverse events similar to those caused by systemic che-
motherapy, including immune suppression. Some patients
receiving TACE develop severe infectious complications
including hepatic abscess, sepsis, or cholecystitis [8, 10]. In
addition, patients with advanced HCC who are candidates
for TACE have impaired immune function due to effects of
the cancer, to previous treatment regimens, or to underly-
ing cirrhosis [38—41]. In this context, thymalfasin may be
beneficial, since it has been shown to stimulate T-cell
proliferation and differentiation and to induce THI-type
immune responses [15-23]. Previous clinical trials evalu-
ating thymalfasin for different types of cancer have shown
it to be potentially effective in restoring immune function
that may have been depressed by the cancer or by prior
treatments [29].

Consistent with the results of previous studies [29-33],
our results suggest an association between thymalfasin
therapy and restored immune function. In the current
trial, patients who received thymalfasin in addition to
TACE experienced no bacterial infections versus those
who received TACE alone, among whom there were four
infections including sepsis, cholecystitis, and bacterial
peritonitis. In a previous study of thymalfasin in com-
bination with TACE for HCC, Stefanini et al. [32]
showed that TACE + thymalfasin improved survival
compared with historical controls treated with TACE
only and was associated with increases in cytotoxic T
cells (CD8) and NK cells (CD16 and CD56) after
completion of treatment. The present, active-controlled
study also demonstrated increased survival compared
with treatment with TACE alone and an absolute dif-
ference in survival rate (in favor of the TACE + thy-
malfasin arm) of 23% at end of treatment (6 months) and
6% at 2 years. The lack of bacterial infections observed
among thymalfasin-treated patients suggests restored
immune function that may have contributed to longer
survival time.

Restored immune function may have also resulted in
better tumor response. Response as defined in the protocol
was higher in the TACE + thymalfasin arm, and 4 of 14
patients in that group, versus none in the TACE-only
group, became eligible for liver transplant. In those
patients, the tumor response allowed patients to be down-
staged, thus enabling them to fulfill UNOS/Milan criteria
for transplantation. The addition of thymalfasin likely
boosted cellular immunity, which, in turn, may have helped
control tumor growth and spread [42, 43]. These results are
consistent with those of Shuqun et al. [44], who found that
for HCC patients who underwent hepatectomy, adding

@ Springer

thymalfasin to TACE postoperatively delayed HCC
recurrence and increased survival time.

In this study, the safety and tolerability profile of thy-
malfasin was comparable with that of TACE alone with
respect to the frequency of adverse events and the frequen-
cies of severe, life-threatening, and fatal adverse events.
Among adverse events possibly or probably related to thy-
malfasin, most were mild and resolved without sequelae, and
only one (nipple pain) occurred in 10% or more of thy-
malfasin-treated patients. These results are consistent with
those of previous clinical studies, in which thymalfasin has
been shown to have an excellent safety profile [32, 45-48].
When evaluating new agents for HCC, it is crucial to
determine that they do not worsen outcomes and survival due
to associated toxicity, compared with placebo or existing
treatments [49, 50]. The current trial incorporated TACE as
an active control, since it is a proven effective therapy for
patients with unresectable HCC. Our results suggest the
potential benefits and limited risks of adding thymalfasin to
TACE for this patient population and justify a larger, phase
IIT trial to evaluate this regimen. Furthermore, in light of the
results obtained with sorafenib and its recent regulatory
approval for HCC, combination trials of TACE plus thy-
malfasin with a kinase inhibitor or thymalfasin with a kinase
inhibitor should also be considered.
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