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Treatment optimization of HBeAg-negative
chronic viral hepatitis B with thymosin-a1

Chronic hepatitis B virus (HBV) infection is a widely prevalent and clini-
cally significant condition with profound implications for health care costs
worldwide. Interferon-a and direct antiviral nucleos(t)ide analogs such as
lamivudine, entecavir, adefovir, telbivudine, tenofovir and clevudine, are
effective in the therapy of chronic HBV infection, but efficacy is still found
wanting, particularly in HBeAg-negative/anti-HBe-positive cases and in
patients with lower levels of alanine aminotransferase. Well documented
evidence supports the pivotal role of immunomodaulation in the control of
hepatitis B virus infection. Thymosin-a1, a 28-amino acid peptide derived
from the amino end of the highly acidic protein prothymosin-q, is an im-
munomodulatory agent known to increase natural killer (NK), CD4 and CD8
cell counts, shift the immune response towards Th1 cells, increase MHC class
I expression on virus infected cells, and inhibit viral replication by direct
antiviral action. A differential cellular response has been observed within a
range of prothymosin-a concentrations, and optimal concentrations associ-
ated with maximal response have been observed. These attributes of the
parent molecule prothymosin-a can be assumed to be shared by thymosin-a1.
Treatment of patients with chronic HBV infection with thymosin-a1, either
alone or in combination with interferon-a, has yielded promising results. It
is postulated that these results can be significantly improved by optimizing
the dose of thymosin-a1 for individual patients to induce a maximum immu-
nomodulatory response. Drug optimization will be determined by testing the
mixed lymphocyte response of each patient to different doses of thymosin-a1,
before the initiation of treatment.
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1. INTRODUCTION

Hepatitis B virus (HBV) is a compact DNA virus with an
incomplete double helix. Most adult patients with acute
hepatitis B infection eliminate the virus through immune
mechanisms. By contrast, around 90% of infants infected
during the first year of life and 30-50% of children infected
between 1 and 4 years of age develop chronic infection.
Today, there are over 350 million people with chronic
hepatitis B, of whom 20-35% present liver cirrhosis. The
group with cirrhosis has an almost 100-fold higher incidence
of hepatocellular carcinoma compared with the general
population.” The evolution of acute to chronic hepatitis
B is dependent on a complex interaction between the
non-cytopathic HBV and an inadequate immunological
response by the patient.

Patients with chronic HBV infection may be antigen e
positive (HBeAg-positive) or antigen e negative (HBeAg-

negative), but with positive antibody to the antigen (anti-
HBe-positive). The seroconversion of HBeAg to anti-HBe
usually indicates a transition to the inactive carrier state,
with the viral DNA (HBV DNA) becoming undetectable or
barely detectable.

Some patients with chronic HBV infection are anti-
HBe-positive but have a fairly high HBV DNA titer in the
serum. This is due to the ability of the virus to delete
the production of the HBeAg following mutation in the
precore region of its genome resulting in continuous or
intermittent viral proliferation and development of chronic
active hepatitis.?

Currently, HBV infected patients are treated with either
interferon, based on its antiviral and immunomodulatory
action,’? or nucleos(t)ide analogs, the direct antiviral ac-
tion of which is mediated by inhibition of the viral DNA
polymerase.*
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Interferon therapy is moderately efficacious, with initial
response rates of around 30-40%, compared with 10-20%
observed among untreated control subjects. However, 56%
of the responders relapse within a year after discontinua-
tion of therapy.® Similarly, although nucleos(t)ide analogs
rapidly produce a suppression of HBV DNA replication,
most patients relapse once treatment is stopped, due to
incomplete viral eradication.

Clearly, the currently used drugs do not achieve satis-
factory and lasting virological response, as defined by the
disappearance of HBV DNA, in anti-HBe-positive patients
with chronic active hepatitis B. There is, therefore, a need
to develop new drugs or devise new approaches based
on existing drugs that would achieve the therapeutic
objective, which is eradication of the virus. It is known
that patients with HBV infection who become cured
clear the virus through an autoimmune mechanism, and
that cases with high pre-treatment levels of alanine ami-
notransferase (ALT) (>five-fold ULN), which are indicative
of a stronger immunological reaction, respond better to
classical treatment.®” Based on this knowledge, a case can
be made for the use of immunomodulatory compounds
in the treatment of chronic HBV infection, either alone as
monotherapy or in combination with other therapeutic
agents as adjuvant therapy.

2. HYPOTHESIS

Thymosin-al is a 28-amino acid peptide with immu-
nomodulatory effects. It is derived from the amino end
of the highly acidic protein prothymosin-a. Originally
isolated from calf thymus,? it is now produced by solid
phase peptide synthesis. Prothymosin-a is a 109-amino
acid polypeptide found in all tissues in man and other
mammals, thymus and spleen being the richest sources.’"
Thymosin-al is detected in the serum at concentrations
of about 1 ng/mL; its precursor prothymosin-a is found
within cells. Both have been shown in in vitro and in vivo
experiments to express immunomodulatory activity.®%"?
The carboxy end (89-109) of prothymosin-a has immuno-
potentiating properties which have been demonstrated
in healthy subjects and in cancer patients.”

The immunomodulatory activities of thymosin-al are
expressed by a shift of the immune response towards
the Th1 cells,’” enhancement of T cell differentiation and
maturation,”” augmentation of the action of natural killer
cells (NK) in autologous and allogeneic mixed lymphocyte
reaction,’® increase in MHC class | expression on virus
infected cells,” and inhibition of viral replication in the
woodchuck model of hepandavirus infection.’
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In vitro studies with mixed lymphocytes from healthy
donors have shown a cellular response to prothymosin-a
concentrations in the range of 50-750 ng/mL. The re-
sponse was not continuous, but a bell-shaped response
curve was observed, illustrating the immunomodulatory
effect of optimum prothymosin-a concentration.” These
observations raise the question of whether it might be
possible to improve the efficacy of treatment by looking
for the optimal concentration of prothymosin-a, and by
extension of thymosin-al, for each patient.

It would be reasonable to postulate that boosting the
immune system with thymosin-al could play an impor-
tant role in the treatment of patients with chronic active
HBV infection. More important, this stimulation could be
significantly enhanced by optimizing the concentration of
the peptide to achieve the maximum immunomodulatory
effect. This optimal concentration would be determined
by testing the mixed lymphocyte response of each patient
to different doses of thymosin-al, before the initiation of
treatment.

3. DISCUSSION

Recent studies on patients with chronic active HBV
infection, in which thymosin-al given as monotherapy was
compared with a control group of subjects who received
either no treatment or placebo, yielded varying results.
Mutchnick et al. reported that 25% of HBeAg-positive
patients given thymosin-al and 13% of HBeAg-positive
patients given placebo showed a sustained loss of HBV
DNA during or following the 12-month study period.?° By
contrast, the study of Zavaglia et al. of anti-HBe-positive
patients showed that treatment with thymosin-al alone
effected no improvement.? Chan et al, in a meta-analysis
that compared the efficacy of thymosin-al with that of
placebo or no treatment, found that there was an increas-
ing trend of improvement of the virological response with
time following the cessation of treatment, but no differ-
ence was noted in the biochemical response between the
thymosin-al and placebo groups.?

Studies comparing the efficacy of thymosin-al and
interferon-a monotherapy in anti-HBe-positive patients
with chronic active HBV infection showed that a signifi-
cantly higher proportion of patients on either drug had
HBV DNA loss and ALT normalization, both at the end
of treatment and at follow-up, compared with historical
control subjects.?# A meta-analysis of the antiviral ef-
ficacy of thymosin-al and interferon-a in patients with
chronic active HBV showed that at the end of a 6-month
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course of treatment interferon-a was more effective than
thymosin-al, according to the complete, that is, both vi-
rological and biochemical, response attained. At the end
of a 6-month post-treatment follow up period, however,
thymosin-al was more effective than interferon-a at both
suppression of viral replication and ALT normalization. In
addition, thymosin-al was well tolerated and exhibited no
significant side effects, and there was no need to reduce
the dose during treatment.?

Combination treatment of anti-HBe-positive patients
with thymosin-al and interferon-a-2b or thymosin-al and
lamivudine has produced significantly higher virological
and biochemical response rates than standard therapeutic
regimens.?*? This evidence provides good support for the
notion that thymosin-al might be an effective therapeutic
agent in patients with chronic active HBV infection.? Based
on in vitro experiments, it appears that prothymosin-a,
the parent molecule, is also a promising candidate drug
for these patients.’”#

In all the clinical trials described but one, thymosin-ail
was administered in a single dose, 1.6 mg subcutaneously,
twice weekly, for 24 weeks. In the study of lino et al. two
groups of patients received either 0.8 mg or 1.6 mg of
thymosin-al, six times a week for the first 2 weeks and
then twice a week for the subsequent 22 weeks. Both of
these dose regimens exhibited long-term efficacy, with a
good safety profile.*®

The hypothesis bears further consideration. For ex-
ample, Chien et al reported that HBV genotype, precore
mutation and thymosin-al were all independent predictors
of a complete response in patients with HBV infection.
Specifically, the rates of complete response for patients
with genotypes B and C were 64% and 19%, respective-
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ly.>” Hadziyiannis et al, in their study of anti-HBe-positive
patients treated with interferon-a, recorded response
rates, in terms of HBsAg seroconversion, of 18%, 2%, 3%
and 0% for genotypes A, B, C, and D, respectively.’? The
question is whether these results could be improved by
thymosin-al titration aimed at inducing the maximum
immunomodulatory response.

Although interferon-a is approved for the treatment
of HBV infection and is recommended as first-line therapy
for certain patients,? it is associated with frequent adverse
effects that often force a dose reduction.? In patients
with side effects, boosting the immune response with
a patient-specific dose of thymosin-al might not only
improve the response rates but also permit the use of
lower doses of interferon-a without compromising its
therapeutic effect.

4. CONCLUSION

In conclusion, the hypothesis regarding effective treat-
ment of patients with chronic HBV infection with thymosin-
al, as monotherapy or as adjuvant therapy, at optimum
serum concentrations for maximum immunomodulatory
response, can be supported by research evidence. Aug-
mentation of the immune system by optimum dosage
with thymosin-al might be considered for initial treat-
ment, or for cases with a poor response to an approved
antiviral agent.
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E§atopikevpévn Socoloyia Bupooivng-al, otn Ogpaneia acOevwyv pe xpovia nmatitida B
Kal avticwpa oto avtilyovo HBe
. XATZHZ, O. TZONAX
Tunua NaBoAoyikric ®uotoloyiag, latpikr) 2xoAr), EBviké kai Kammodiotpiakd MNavemotruio ABnvwy, ABriva

Apxeia EAAnviknc latpikric 2010, 27(4):594-598

H xpovia Aoipwén amd tov 16 Tng nmatitidag B (XHB) amoteAei coapd mapdyovta voonpoTnTag Yia TOUG TACKXOVTEG,

EVW N TpooTidBela ekpi{wong TOU 1oV Kal AVTIMETWITIONG TWV EMITAOKWYV TNG Aoipwéng cuvodeveTtal amd vPniod

OIKOVOUIKO KOOTOG Yla T AOPAAIOTIKA TapEia. Bripata mpoddou wg mpog tn Bgpareia twv acOevwy pe XHB éxouv

YIVEL, PE TN XOPNYNON IVTEPPEPOVNG-A ] AVTI-IKWV QAPUAKWY, OTTWG gival n AapiBoudivn, n evtekafipn, n adepofipn, n

TeAumPBoudivn, N Tevo@oBipn Kat n KAeBoLSivn. OuwG, To OEPATIEVTIKO ATTOTEAECHA ATTEXEL ATTO TO APLoTo. AvalntouvTal

OE£PATEVTIKEG TIPOOEYYIOELG YIa TNV EMITUXIA EVOG APLoTOU, AAAA Kal poVIHoU BgpameuTikol amoteAéopatog, ISlaitepa
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yia acBeveic pe XHB katl Ama av§non Twv Tpavoapivacwy pe Betikd anti-HBe. Yridpyouv 1oxupég evoeielg 0Tl To
avoooToINTIKO cUOTNMA TWV AcOevwy pe XHB €xel mpwTeLOVTA PONO OTNV AVTIMETWTTION TNG XPOVIAG AUTAG AoipwéNgG.
H Bupooivn-al eival éva mentidlo amoteAovpevo amd 28 auvo&éa, To Omoio TIPOEPXETAL ATTO TO AMIVOTEANIKO AKPO
NG MPWTEiIVNG MpoBupoacivng-a. H Bupooivn-al éxel avoootpomomolnTiky Spdon, mou eKSNAWVETAL PE TNV av§non
TWV KUTTAPWV QUOIKWV @ovEéwV (NK), pe Tnv avénon twv CD4 kat CD8 AEUPOKUTTAPWY, UE TNV aLENON TNG €KPPAONG
TOU CUUTAEYHaTOG peiCovog toTtoouppBatotntag (MHC) tdéng | ota kUTttapa mou €xouv poAuvOei amnd Tov 16. Emiong,
AVAOTENAEL, HE Aueon SpAcn OTOUG LOUG, TOV TTOAATTIAQCIACUO TOUG KAl EKTPETTIEL TNV AVOOIAKN avtidpaon o€ Th1-
TUTo. H mpoBupoacivn-a, untpikd poplo tng Bupooivng-al, éxel mapatnenOei 6TI MpoKaAei SIAPOPETIKN AVTATIOKPLION
TWV T-AEUPOKUTTAPWY OE SIAPOPETIKEG CUYKEVTIPWOELG TNG Kal HAAloTA €xel SlamoTwOe(l og melpdpata n 1I8avikn
OUYKEVTPWON TNG YIA HEYIOTN AEUPOKUTTAPIKN avTanmokplon. Eivat ebAoyo Aoinmév va vmoteBei 61t n Bupooivn-al, wg
TIPOoEPXOMEVN amd TNV MPoBOupocivn-a, ek@PAlel Kal TiG 1I816TNTEG auTric. H xopriynon tng Bupoacivng-al yia tn Oepamneia
Twv acBevwv pe XHB, wg povoBepareia | wg Bgparmeia cuVOUVACUOU HE IVTEPPEPOVN-A, £XEL OWOEL EVOAPPUVTIKA
ATTOTEAECUATA, TA OTTOI0 EVOEXOUEVWG UTTOPOUV VA BEATIWOOUV ONUAVTIKG, EAV O€ KABE PEPOVWUEVO aoBevr xopnynOei
n davik docoloyia Bupoocivng-al, WOoTe va eMTEVXOEl N PEYIOTN AVOCOEVIOXUTIKK Spdon yI' autév. H avevpeon
NG e€atopkeVUEVNG 8GoNG TNG Bupooivng-al yia kaOe aocBevn mptv anod Tn Bepareia, WoTe va eMTeLXOEl N IGAVIKA
QAVOOOEVIOXUTIKA Spdon AuTAG, UITOPEL VA YIVEL UE TOV ENEYXO TNG LEIKTHG AEUPOKUTTAPLIKNAG avTidpaong kaBe acBevolg
o€ SlaopeTikég Soooloyieg Bupooivng-al, woTe va SlamoTwOEi N CLUYKEVTPWON EKEIVN TTOL TTIPOKAAEL TN MEYIOTN
AEUPOKUTTAPIKNA avTiSpaon yla Tov ev AOyw acBevr Kal KATA CUVETTELA TN MEYIOTN AVOCOTPOTTOMOINTIKY dpdon.
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