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SciClone Pharmaceuticals is a revenue-generating, profitable China-centric 

specialty pharmaceutical company with a substantial business and a product 

portfolio of novel therapies for oncology, infectious diseases and 

cardiovascular, urological, respiratory, and central nervous system disorders. 
 

SciClone’s ZADAXIN® (thymalfasin) is approved in over 30 countries and may be used for the treatment 

of hepatitis B (HBV), hepatitis C (HCV), as a vaccine adjuvant, and certain cancers according to the 

approvals we have in these countries. SciClone markets nearly 20, mostly partnered products in China 

besides ZADAXIN, including Depakine®, the most widely prescribed broad-spectrum anti-convulsant in 

China; Tritace®, an ACE inhibitor for the treatment of hypertension; Stilnox®, a fast-acting hypnotic for 

the short-term treatment of insomnia (marketed as Ambien® in the US); and Aggrastat®, a recently-

launched intervention cardiology product. On the development side, SciClone is evaluating SCV-07 in a 

phase 2b trial for the delay to onset of oral mucositis in patients with head and neck cancer. SciClone is 

also pursuing the registration of several other therapeutic products in China. 

ZADAXIN has not been approved for sale in the United States or Europe.  

 

 

 

 

 

This product monograph may contain forward-looking statements regarding expected results and expectations.  Readers are urged to consider 

statements that include the words ―may,‖ ―will,‖ ―would,‖ ―could,‖ ―should,‖ ―might,‖ ―believes,‖ ―estimates,‖ ―projects,‖ ―potential,‖ 

―expects,‖ ―plans,‖ ―anticipates,‖ ―intends,‖ ―continues,‖ ―forecast,‖ ―designed,‖ ―goal,‖ ―unaudited,‖ ―approximately‖ or the negative of 

those words or other comparable words to be uncertain and forward-looking. These statements are subject to risks and uncertainties that are 

difficult to predict and actual outcomes may differ materially. Please also refer to other risks and uncertainties described in SciClone's filings 

with the SEC. All forward-looking statements are based on information currently available to SciClone and SciClone assumes no obligation 

to update any such forward-looking statements.  
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Introduction 

ZADAXIN (thymalfasin), often referred to in medical literature as thymosin alpha 1 or Tα1, is a peptide 

that has been evaluated for its immunomodulatory activities and related therapeutic potential in several 

diseases, including chronic hepatitis B and C, acquired immunodeficiency syndrome (AIDS), primary 

immunodeficiency diseases, depressed response to vaccination, and cancer. The basis for effectiveness in 

these conditions is primarily through modulation of immunological responsiveness, as Zadaxin has been 

shown to have beneficial effects on numerous immune system parameters and to increase T-cell 

differentiation and maturation. This report summarizes data from clinical experience conducted with 

Zadaxin in over 3,000 patients in addition to studies conducted in vitro and to in vivo animal studies. 
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Chemical Properties of Zadaxin 

Zadaxin (thymalfasin), originally isolated as a natural substance from thymus tissue, is a pure, synthetic 

amino-terminal acylated peptide of 28 amino acids (molecular weight 3108; Figure 1). Some early studies 

utilized a partially purified thymic preparation (thymic fraction 5 or TF5) that contained about 1% 

thymalfasin; (1,2) however, most studies have utilized synthetic preparations of Zadaxin made by solid 

phase peptide synthesis. (3) 

Figure 1. Primary structure of thymalfasin 

 

 

 

 

 

 

Endogenous thymalfasin can be detected in serum, where levels measured in healthy adults by 

immunoassays are in the 0.1 to 1 ng/mL range. (4-7) The circulating concentration of thymalfasin tends to 

be lower in diseased individuals and higher during pregnancy. (8-11) The source and mechanisms of 

release and regulation of circulating thymalfasin are unknown. Thymalfasin is contained in the sequence 

of prothymosin, a 126-amino-acid peptide that is found in the cell nucleus (12-16), and that has been 

examined in terms of potential effects on cell proliferation. (17-19) Thymalfasin, found in highest 

concentrations in the thymus, has also been found in spleen, lung, kidney, brain, blood, and a number of 

other tissues.  

Thymalfasin has amino-acid sequence homology with interferon alpha (IFNα) and members of the 

glucagon-vasoactive intestinal peptide (VIP)-secretin family of peptides. Although binding of high 

concentrations of thymalfasin to VIP receptors has been reported (20,21) and thymalfasin has been found 

to weakly stimulate adenylate cyclase activity, the receptors for thymalfasin are not known. It is possible 

that thymalfasin has intracellular receptors, as it can fold into a structured helix in organic solvents and 

thus may cross the membrane unassisted. (22) 
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ZADAXIN — Dual Mechanism of Action 

Zadaxin has a number of immunomodulatory activities, as well as direct influences on virally infected or 

cancerous cells. This dual mechanism of action is summarized in Figure 2 and discussed below. 

Immunomodulatory Action  

Zadaxin stimulates stem cells and increases production of NK, CD4, and CD8 cells. Zadaxin 

stimulates stem cells to produce increased numbers of mature T cells. The addition of Zadaxin to human 

CD34 stem cells in culture increased thymopoiesis, resulting in an increase in the number of total CD3 T 

cells and synthesis of interleukin-7 (IL-7), a cytokine critical for maturation of thymocytes. The 

predominant subpopulation increased by Zadaxin was helper T cells (CD4). (23) 

Zadaxin can enhance production of CD3, CD4, and CD8 cells in patients with chronic hepatitis B24 and 

cancer, (25) in mice infected with influenza A virus, (26) and in mice immunodepressed by 

hydrocortisone treatment. (27) 

Zadaxin increases NK-cell activity in multiple animal models, (28-31) normal human subjects, (32) and 

HIV-infected patients. (33) This effect may be important for combating viral infection, as hepatitis C 

infection has been shown to decrease NK activity. (34) 

Zadaxin increases production of Th1 cytokines. Zadaxin can increase production of IFNγ, IL-2, IL-3, 

and expression of the IL-2 receptor following activation by mitogens or antigens. (24,32,35-39) This 

pattern of enhanced cytokine production, i.e., IFNγ and IL-2, demonstrates that Zadaxin promotes a Th1 

type of immune response. This is important in light of the fact that a Th1 response is associated with a 

vigorous antiviral response, while a primarily Th2 response is associated with persistence of these 

infections. (40) In fact, release of Th2 cytokines may be a viral mechanism for avoiding immune 

surveillance. (41) 

In peripheral blood mononuclear cells (PBMCs) from patients with chronic hepatitis C (HCV) infection, 

Zadaxin induced a significant increase in the production of IL-2. (42) An increase in IL-2 was also seen 

after treatment of these cells with IFNα, but the increase due to Zadaxin was significantly greater. In fact, 

incubation of the PBMCs with a combination of IFNα and Zadaxin lead to an additive or even synergistic 

effect on synthesis of IL-2. Importantly, this study demonstrated that treatment with Zadaxin also leads to 

a decrease in the Th2 cytokines IL-4 and IL-10, whereas IFNα increased production of these cytokines. 

Thus, in combination treatment with IFNα, Zadaxin can benefit virally infected patients in two ways: first, 

by increasing T-cell subsets fundamental for sustained clearance of HCV and, second, by blocking the 

IFNα-induced Th2 response. 

Zadaxin decreases T-cell apoptosis. Zadaxin can antagonize dexamethasone-induced apoptosis in 

thymocytes in vitro in a dose-dependent fashion. (43, 44) The effects were most pronounced on CD4 and 

CD8 double positive immature T cells, and treatment with Zadaxin stimulated production of cAMP and 

activated protein kinase C, suggesting an involvement of these second messenger pathways. 
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Apoptosis of thymocytes stimulated by serum from tumor-bearing mice was also decreased by treatment 

with Zadaxin, (45) and in this model system, there was a concomitant decrease in expression of the 

proapoptotic genes fas, bad, and bax, and an increase in the antiapoptotic gene bcl-2. 

Zadaxin has also been used successfully to treat a child with DiGeorge anomaly, (46) a rare congenital 

disorder characterized by the absence or hypoplasia of the thymus resulting in varying degrees of T-cell 

immunodeficiency. Prior to treatment with Zadaxin, the patient showed increased lymphocyte apoptosis 

(increased fas and fas ligand and decreased bcl-2 in both CD4 and CD8 cells) compared to a control 

subject. After 3 months of treatment with Zadaxin, the proportion of lymphocytes undergoing apoptosis 

decreased. T-cell responses and B-cell function also improved after treatment, and there was a marked 

clinical improvement. 

Direct Antiviral Actions 

Zadaxin increases MHC class 1 expression. Zadaxin has been recently shown to increase expression of 

MHC class 1 in cultured cells. (47) As both virus infection and cancer are associated with a decrease in 

expression of the MHC class 1 antigen, (48, 49) and hence a decreased ability of the immune system to 

recognize those infections or cancers, this represents another mechanism by which Zadaxin can clear 

these defective cells. 

Although IFNα can also lead to an increase in MHC class 1 expression, it was demonstrated in this study 

that the effect of Zadaxin occurred by a separate pathway from that of IFNα, hence supporting that these 

two immunomodulatory molecules, Zadaxin and IFNα, act through different mechanisms. 

The increase in MHC class 1 expression was found to be due to an effect of Zadaxin on expression of the 

transcriptional activator NFκB. Interestingly, this effect on expression of NFκB could explain the 

pleiotropic effects of Zadaxin, as this molecule is involved in many pathways of Zadaxin action, including 

stimulation of Th1 cytokines, inhibition of apoptosis, and inhibition of viral replication. The increase in 

intracellular NFκB could thus be an important basis for the mechanism of action of Zadaxin. 

Zadaxin inhibits viral replication. In duck hepatocytes infected with duck hepatitis B virus, Zadaxin 

treatment significantly reduced viral replication, especially at the level of expression of intrahepatic viral 

proteins. (50) This demonstrates that Zadaxin acts to inhibit viral replication at a posttranslational step, 

which is distinct from the antiviral effects of IFNα and nucleoside analogs. Zadaxin treatment leads to a 

significant dose-responsive decrease in viral growth in various model systems including the HIV-1 virus 

(data on file) and parainfluenza (Sendai) viruses. (51) 

In addition to these direct antiviral effects, Zadaxin has also been reported to inhibit in vitro growth of 

various non–small-cell lung cancer cell lines. Zadaxin has also been shown to inhibit growth of cancerous 

cells in vivo, preventing lung adenoma formation in mice (52-54) and breast cancer in rats. (55) 



 

Copyright protected.  www.SciClone.com  14  

 

Zadaxin decreases oxidative stress. Zadaxin treatment can lead to increased intracellular glutathione 

levels under conditions of oxidative stress, both in virally infected cells (51) and in lymphocytes 

stimulated to undergo apoptosis. (43) These effects are important direct actions of Zadaxin, as oxidative 

stress and a decrease in glutathione concentrations are hallmarks of viral infection both in vitro and in 

vivo. (56,57) In fact, restoration of glutathione levels has been shown to dramatically decrease viral 

replication (58,59) and improve the clinical condition. (60,61) 

Given its immunoregulatory properties, Zadaxin has been considered for use in treatment of many of the 

same disorders for which other immunomodulators are employed. Zadaxin has been investigated in 

humans for treatment of infectious diseases (hepatitis B, hepatitis C, acquired immune deficiency 

syndrome), as a vaccine enhancement agent, and for several cancers. Major preclinical and clinical studies 

are briefly summarized in the subsequent sections, followed by a summary of the safety and 

pharmacokinetic profile of Zadaxin.  

Figure 2. Proposed mechanism of action of Zadaxin. Zadaxin is able to fight disease by 

stimulating the immune system. Its effects include stimulation of natural killer (NK) cells and 

cytotoxic lymphocytes (CD8), which directly kill virally infected or cancerous cells. Zadaxin also 

increases the production of cytokines such as IFNγ and IL-2, and increases the Th1 subset of CD4 

cells. Recent evidence has shown that Zadaxin also has direct effect on cells that lead to a decrease 

in viral replication or cancer-cell growth. Zadaxin increases the expression of surface-marker 

proteins (MHC-1) on infected cells, providing the immune system with a target for the detection 

and destruction of diseased cells. 
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Use of Zadaxin in Disease States 

Given its immunoregulatory properties, Zadaxin has been considered for use in treatment of many of the 

same disorders for which other immunomodulators are employed. Zadaxin has been investigated in 

humans for treatment of infectious diseases (hepatitis B, hepatitis C, acquired immune deficiency 

syndrome), as a vaccine enhancement agent, and for several cancers. Major preclinical and clinical studies 

are briefly summarized in the subsequent sections, followed by a summary of the safety and 

pharmacokinetic profile of Zadaxin. 

 Animal Models 

 

 Hepatitis B 

 

 Hepatitis C 

 

 Human Immunodeficiency Virus 

 

 Vaccine Enhancer in Immunocimpromised Patients 

 

 Cancer 
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Animal Models 

Woodchuck Hepatitis 

Woodchuck hepatitis virus (WHV) is closely related to the human hepatitis B virus (HBV), and WHV 

infection in woodchucks is an animal model for chronic HBV infection in humans. Data is available on 

effects of Zadaxin from three completed studies with this experimental model. 

  

Study 1 (62) 

 6 WHV chronically infected animals received Zadaxin (10 µg/kg) BIW for 30 weeks 

 6 age- and sex-matched infected animals were used as untreated controls 

   

End-of-treatment results: 

 Serum WHV DNA levels fell by 99% in all Zadaxin-treated animals 

 No changes were observed in serum WHV DNA in the 6 untreated controls 

The effect was transient, however, and serum WHV DNA returned to pretreatment levels in  

the follow-up period. 

Figure 3 shows, by logarithmic scale, mean serum levels of WHV DNA for the Zadaxin (10 µg/kg)  

and placebo-treated animals. These results are similar to those obtained with IFNα. (64) 

Figure 3. Serum woodchuck hepatitis virus (WHV) DNA in Zadaxin-treated and placebo-treated 

animals. Zadaxin was given biweekly for 24 weeks, with 12 weeks follow-up. Zadaxin treatment 

period is indicated by a solid line at the top of the figure. The figure shows that 6 months of 

treatment with Zadaxin significantly decreases serum WHV DNA compared with placebo-treated 

animals. (63) 
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Study 2 (63) 

 24 WHV chronically infected animals received Zadaxin (900 µg/m2, 23 µg/kg, or 10 µg/kg)  

BIW for 30 weeks  

 12 age- and sex-matched infected animals were used as controls 

End-of-treatment results: 

 Serum WHV DNA levels fell by 99% to 99.9% in all Zadaxin-treated groups 

 No changes were observed in serum WHV DNA in control animals 

Study 3 (65) 

 20 WHV chronically infected animals received Zadaxin (900 µg/m2) BIW for 3 years 

 20 age- and sex-matched infected animals were used as placebo controls 

End-of-treatment results: 

 Serum WHV DNA in treated animals was significantly less than in placebo-treated animals 1 

month after beginning treatment (P < 0.001) 

 Serum WHV DNA level remained significantly lower than placebo controls throughout the 

remainder of the 152-week treatment 

 After 48 weeks, 2 placebo animals died of hepatocellular carcinoma (HCC), while there were no 

deaths in the Zadaxin-treated animals  
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Animal Models 

Other Animal Models of Infection 

Table 1: Effect of Combination Therapy with Zadaxin (ZDX), Amantadine (AMN), and IFNα/β in Mice 

Infected with Influenza A Virus. N = 60 mice. (26) 

* Mean number of positive cells ± S.E. per million spleen lymphocytes 

** Amantadine 

† P < 0.001 against all other groups 

‡ P < 0.01 against all other groups  

§ P < 0.05 against all other groups 

 After 96 weeks, there were 6 deaths in the placebo group due to HCC and 3 in the Zadaxin  

treated animals 

 There was no evidence of clinical, biochemical, or hematological toxicity in the entire 152-week  

treatment period 

Group 

   

Survivors 

(%)  

Viral titer 

(% Inhibition)  

NK-cell activity 

(Lytic units)  

CTL 

(% Specific lysis)  
CD4*  CD8*  

Infected Control 12 (20%) --- 2.1±0.7 6.1±0.8 14.9±1.7 9.9±1.8 

AMN** 18 (30%) 57 2.2±0.2 9.3±2.1§ 18.2±1.5 11.3±2.0 

ZDX 12 (20%) --- 2.0±0.6   19.4±1.8 11.5±2.1 

IFN 15 (25%) --- 2.6±0.7   17.1±0.9 11.8±1.6 

AMN+IFN 18 (30%) 50 2.4±0.4   18.3±1.4 10.9±1.2 

ZDX+AMN 12 (20%) 47 2.6±0.3   18.5±1.6 11.4±1.9 

ZDX+IFN 15 (25%) 31 3.0±0.7 8.2±1.3 21.3±1.8 12.1±2.0 

ZDX+AMN+IFN 36 (60%)† 98‡ 9.4±2.7† 18.2±1.7† 28.3±2.4§ 15.2±1.7§ 
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Several studies investigating the effect of Zadaxin on mice infected with various pathogenic 

organisms have shown beneficial effects of Zadaxin. 

 Zadaxin treatment provided statistically significant protection against lethal infections with 

Listeria monocytogenes, Candida albicans, Pseudomonas aeruginosa, and Serratia marcescens in 

mice immunosuppressed with 5-fluorouracil (5-FU). (66) 

 Zadaxin increased the survival of aged or immunesuppressed mice infected with herpes simplex 

virus (67) or influenza. (68) 

 Zadaxin prolonged survival of mice infected with C. albicans and prevented the increased 

susceptibility to infection by cyclophosphamide treatment. (69) 

 Zadaxin in combination with fluconazole increased survival of mice infected with C. albicans and 

immune suppressed by morphine treatment. (70) 

The beneficial effects of Zadaxin have been augmented in some animal models by  

adding other cytokines. 

 Combination therapy of hydrocortisone-treated, aged mice with Zadaxin and interleukins 

augmented the in vitro lymphocyte response to interleukins and mitogens as compared with 

Zadaxin or interleukin treatment alone. (27,71) 

 In mice inoculated with influenza A virus and treated with Zadaxin in combination with IFNα/β 

and amantadine (an antiviral agent), statistically significant increases in survival, NK-cell activity, 

CD4 and CD8 counts, and cytotoxic activity in the lung (CTL response) were observed, while 

viral titers in the lung were reduced (Table 1, Figure 4). (26) 

Figure 4. ZDX in combination with AMN and IFNα/ increases survival mice infected with 

influenza A virus. AMN = amantadine, IC = infected control. *P < 0.001 against other groups. 

(26) 

 

 

 



 

Copyright protected.  www.SciClone.com  20  

 

Animal Models 

Animal Models of Cancer 

Zadaxin has been shown to have beneficial effects in several experimental models of cancer. Recently, 

Zadaxin treatment has been shown to prevent lung carcinogenesis in mice injected with a chemical 

carcinogen (52-54) and breast cancer in rats. (55) 

Zadaxin, given in combination with chemotherapy and IL-2 or interferon: 

 Increased the cytotoxic response of T cells and NK-cell activity 

 Reduced tumor size 

 Increased survival in many animal models of cancer 

o DHD/K12 colon carcinoma (72,77) 

o B-16 melanoma (29,78) 

o Non–small-cell lung cancer (53) 

o Lewis lung carcinoma (73,98) 

o Friend erythroleukemia (74) 

o P388 or L1210 leukemia (75) 

o Methylcholanthrene-induced fibrosarcoma (76) 

Zadaxin treatment shows synergy with IL-2 or IFNα/β: 

 Syngeneic BDIX rats with liver metastases from colorectal cancers induced by splenic injection of 

DHD/K12 cells (1,2-dimethylhydrazine-induced colon carcinoma) (72) 

o Greatly reduced growth of liver metastases 

o Reduced liver invasion (20% vs 62% in controls) 

o Reduced extrahepatic spread 

o Improved median survival time (70.0 ± 8.2 days vs 48.5 ± 8.5 days in controls) 

o Effect not seen with 5-FU alone or in combination with IL-2 

o P < 0.000 

The improvement of survival time in these rats from the use of triple combination therapy allowed 

for a second cycle of treatment to be provided. (77) This led to: 

 Further significant increase in survival time  

(81% survival at 100 days versus 39% with 5-FU alone or 44% with 5-FU plus IL-2) 

 Long-term survival in 2 of the 21 rats treated for two cycles of triple therapy 

o No evidence of disease when sacrificed 5 months after therapy for histologic evaluation 

 Significant improvements to parameters of the immune system — compared with controls, 

increased absolute numbers of peripheral T cells expressing 

o IL-2 receptors 

o CD4 

o CD8 



 

Copyright protected.  www.SciClone.com  21  

 

More recent studies with a mouse model of melanoma showed that combination of increasing doses of 

Zadaxin with IFNα/β and chemotherapy significantly increased time to relapse (Figure 5), decreased the 

tumor growth rate (Figure 6), and improved survival in a dose dependent fashion. (78) Significantly, the 

addition of a single cycle of Zadaxin treatment led to a cure in 24% of the mice (5 of 21 animals were 

alive and disease free 1 year after treatment).  

As in other studies investigating the effects of Zadaxin treatment in animal models of cancer, immune 

parameters were improved. Splenocytes from treated mice showed markedly increased cytotoxic activities 

against both YAC-1 and autologous B16 tumor cells, and the tumor-induced reduction in percentages of 

CD3 and CD4 cells was reversed to nontumor levels. (78) 

Figure 5. Relapse time of B16 melanoma bearing mice treated with CY, IFN, and ZDX. The 

figure shows that ZDX increases relapse time of mice with B16 melanoma. Increasing doses of 

ZDX (up to 120 µg) show the greatest effect on relapse in this model. (78) 

 

 

 

 

 

 

 

 

Values are mean ± S.D.; n = 10 

* CY = cyclophosphamide 

** Equivalent to human dose  

Figure 6. Effect of increasing doses of Zadaxin on tumor reduction in murine B16 melanoma. The 

figure shows that Zadaxin decreases tumor diameter in mice with B16 melanoma. Increasing 

doses. Zadaxin (up to 120 µg) increases the effect on tumor shrinkage in this model. (78 of) 

 

 

 

 

 

 

 

 

* CY = cyclophosphamide  

** Equivalent to human dose 
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Hepatitis B 

Chronic hepatitis B (CHB) is a widespread disease associated with significant morbidity and mortality. 

According to the World Health Organization, more than 350 million people worldwide are chronically 

infected with the hepatitis B virus (HBV), with carrier rates as high as 20% in some populations. CHB is 

associated with increased risk for developing cirrhosis, liver failure, and hepatocellular carcinoma. 

Impaired effectiveness of the host cellular immune mechanisms in clearing HBV-infected hepatocytes has 

been proposed to explain development of chronic HBV infection. 

  

Hepatitis B 

Hepatitis B Treatment Options 

Interferon alpha (IFNα) was the first therapy approved for treatment of CHB in the United States and 

Europe. Initial enthusiasm for this therapy has waned with the realization that response rates are low and 

relapses are common. Interferon therapy is also associated with significant side effects that can lead to 

reduction in dose and discontinuation of treatment. In phase 3 trials using IFNα-2b for CHB, 98% of the 

patients treated at 5 MIU QD, and 90% of the patients treated at 10 MIU QD experienced adverse 

reactions, with 21% to 44% severe. (79) Side-effect management consists of reducing or discontinuing 

interferon therapy — in these trials, 25% to 38% of patients interrupted treatment due to side effects. (79) 

The continued postmarket monitoring of IFNα therapy has revealed new toxicities. (80) The most 

common adverse events associated with IFNα therapy include the following: 

 Flu-like symptoms 

 Fatigue 

 Anorexia 

 Central nervous system reactions 

 Psychiatric reactions 

The incidence of depression and suicidal behavior has only recently been fully appreciated, with a 

significant increase in depression during the sixth month of interferon therapy. (81) 

Nucleoside Analogs 

Lamivudine has recently been approved in the United States and Europe as a treatment for CHB; 

famciclovir, adefovir, and entecavir are still under investigation as treatment for CHB. Nucleoside analogs 

effectively reduce HBV DNA and ALT while the CHB patient is on therapy. However, when therapy with 

these nucleoside analogs is discontinued, HBV DNA and ALT usually return to pretreatment levels. 
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In an attempt to produce sustained responses with these drugs, therapy has been continued for 12 months 

or longer. Alarmingly, such prolonged therapy is leading increasingly to the selection of HBV mutants 

that are resistant to these drugs. Lamivudine-treated patients develop lamivudine-resistant mutants at a 

cumulative rate of approximately 15% to 20% per treatment year. (82) In rare patients, discontinuation of 

nucleoside analog therapy has also resulted in a flare of the HBV hepatitis with fulminant hepatitis and 

death. (83) Zadaxin use has not been associated with these problems (Figure 7).  

Figure 7. Comparative adverse-event incidence. 

 

 

 

 

 

 

 

Zadaxin 

Interest in using Zadaxin for treatment of human hepatitis B was based on the fact that it is another type of 

immunomodulator, which can trigger maturational events in lymphocytes, augment T-cell function, and 

promote reconstitution of immune defects. Zadaxin, like interferon, was also effective in the woodchuck 

hepatitis model for CHB. In clinical studies for CHB, Zadaxin has been primarily investigated as 

monotherapy, but promising results have also been obtained when Zadaxin is used as an element in 

combination therapy. 

In addition, Zadaxin has an excellent safety record. In treatment of more than 3,000 patients with a range 

of diseases including hepatitis B and hepatitis C, Zadaxin has been well tolerated and is not associated 

with any significant side effects. Zadaxin has been administered without adverse incident to elderly 

subjects (up to 101), children (as young as 13 months), and immunodeficient patients. (84) Patients with 

decompensated liver disease and renal disease requiring hemodialysis show good tolerance to Zadaxin 

administration. (85) 
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Hepatitis B 

Zadaxin Monotherapy in Hepatitis B 

Several randomized controlled studies have investigated the safety and efficacy of Zadaxin monotherapy 

for the treatment of CHB. Table 2 presents a summary of results from selected studies. 

These studies show that Zadaxin promotes disease remission in 26% to 41% of the patients treated.  

A recent, independent meta-analysis of 435 patients entered into randomized, controlled trials of Zadaxin 

monotherapy for CHB demonstrated a statistically significant benefit in favor of Zadaxin therapy, 

inducing a sustained virological response over placebo (odds ratio, OR = 2.87; 95% CI 1.58 – 5.22; P = 

0.0005). (86) The same study also demonstrated a trend in favor of Zadaxin compared with IFNα for 

sustained virological response (OR = 2.62; 95% CI 0.80 – 8.56). 

Taiwan Trial 

This randomized, open-label, controlled, 18-month study was conducted at the Chang Gung Memorial 

Hospital. 

Patients and protocol: 

 32 patients randomized to 6 months treatment with Zadaxin 1.6 mg SC TIW; 12 months follow-up 

 34 patients randomized to 12 months treatment with Zadaxin 1.6 mg SC TIW; 6 months follow-up 

 32 patients randomized to 18 months observation without specific treatment 

 Baseline HBV DNA (mean) 

o 122 pg/mL (6-month Zadaxin) 

o 138 pg/mL (12-month Zadaxin) 

o 87 pg/mL (control) 

 Baseline ALT (mean) 

o 156 (6-month Zadaxin) 

o 138 (12-month Zadaxin) 

o 140 (control) 

 Complete response prospectively defined as clearance of both HBV DNA and HBeAg  

at 18 months 



 

Copyright protected.  www.SciClone.com  25  

 

Table 2: Hepatitis B Clinical Outcomes (Intent to Treat) §. 

Group Study Country 
# Patients 

Enrolled 
Clinical Outcome* 

Randomized, placebo- 

controlled double-blind (phase 2) 
United States 20 

ZDX: 

Placebo: 

P < 0.04 

83% 

25% 

 

Multicenter, randomized, 

placebo-controlled double-blind 

(phase 3) 

United States 99 

ZDX: 

Placebo: 

P < 0.11 

24% 

12% 

 

Multicenter, randomized, 

controlled open-label 

(phase 3)IFN 

Taiwan15 (25%) 158 

ZDX (6 mo Rx): 

ZDX (12 mo Rx): 

Control: 

36% 

27% 

25% 

  98† 

ZDX (6 mo Rx): 

ZDX (12 mo Rx): 

Control: 

P < 0.004 ZDX (6 mo 

Rx) vs Control 

41% 

38% 

9% 

  

 

Multicenter, randomized, 

controlled (phase 3) 
Italy 33 

ZDX: IFNα2b: 

Control‡: 

P = 0.025 ZDX vs 

Control 

41% 

25% 

7% 

 

Meta-analysis § 

United States, 

Taiwan, 

Italy 

223 

ZDX (6 mo Rx): 

Control: 

P = 0.04 

36% 

19% 

 

* End of follow-up or extended follow-up 

† Data from the Chang Gung Memorial Hospital, the major center for the Taiwan trial. Twelve months 

treatment plus twelve months follow-up period 

‡ Historical control matched for age, sex, biochemical, histological, and serological parameters 

§ Meta-analysis performed by MetaWorks, Inc. (Boston, Massachusetts); includes all patients in the four 

studies 



 

Copyright protected.  www.SciClone.com  26  

 

Figure 8. Results at Chang Gung Memorial Hospital, Taiwan hepatitis B trial at 18 months. The 

figure shows data for the 6-month treatment group, the 12-month treatment group, and the control 

group at 18 months from the start of the trial for patients treated at the Chang Gung Memorial 

Hospital. *P = 0.004, Zadaxin monotherapy (6 months treatment) vs untreated control. (87) 

 

 

 

 

 

 

Results: 

 6-month treatment group complete response rate: 41% (13/32) (P = 0.004 compared with control) 

 12-month treatment group complete response rate: 26% (9/34) 

 Control group complete response rate: 9% 

The 34 patients in the 12-month treatment group were evaluated again at the end of 24 months, ie, 12 

months after their Zadaxin treatment had ended. In the 6-month period since the previous follow-up, the 

number of responders rose from 9 (27%) to 13 (38%). 

Figure 9 shows the time course of complete response, including the extended data from the 12-month 

treatment group. As shown, the percentage of patients reporting both negative HBV DNA and HBeAg in 

both treatment arms continued to rise after treatment ended, compared with a relatively flat spontaneous 

remission in the control arm. The increase in virologic response after treatment was significant (P = 

0.014). (87) 
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Figure 9. Time course of complete response in the Chang Gung Memorial Hospital, Taiwan. The 

percentage of patients reporting both negative HBV DNA and HBeAg in both treatment arms con-

tinued to rise after treatment was completed, compared with a relatively flat spontaneous 

remission in the control arm (P = 0.014). This delayed response is typical of CHB patients treated 

with Zadaxin. The top portion of the figure (T0) shows the control group, the middle portion (T6) 

shows the 6-month Zadaxin treatment group, and the bottom portion (T12) shows the 12-month 

Zadaxin treatment group including extended follow-up data for this treatment group. Darkened 

areas represent the time of Zadaxin administration for each treatment group. (87) 

 

 

 

 

 

 

 

These results reflect an emerging pattern of Zadaxin efficacy that was observed in earlier studies: 

Response rates increase and are sustained after treatment has ended. The mechanism for this is not fully 

understood but may be a consequence of immune-system activation during therapy. This pattern is in 

contrast to that observed with IFNα therapy in CHB, in which treatment responses generally occur during 

the first 4 months of therapy and relapse over time. 

Phase 3 Italian trial (Zadaxin vs IFNα-2b). This multicenter, randomized, controlled trial tested Zadaxin 

versus IFNα-2b in difficult-to-treat patients infected with the hepatitis B precore mutant virus, who are 

characterized by being HBeAg negative, HBV DNA positive. 

Phase 3 Italian trial (Zadaxin vs IFNα-2b) 
This multicenter, randomized, controlled trial tested Zadaxin versus IFNα-2b in difficult-to-treat patients 

infected with the hepatitis B precore mutant virus, who are characterized by being HBeAg negative, HBV 

DNA positive. 
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Patients and protocol: 

 33 patients with CHB (presence of HBsAg in serum for at least 12 months, HBV DNA and HBe 

antibody positive, and ALT levels 1.5 times the normal upper limit for at least 12 months) 

 Both groups comparable with regard to age, gender, serological, biochemical, and histological 

parameters including Knodell score 

 16 patients received IFNα-2b (5 MIU, TIW) 

o Mean ALT = 182 

 17 patients received Zadaxin (0.9 mg/m2, BIW) 

o Mean ALT = 142 

 Retrospective comparison group: 15 untreated historical controls followed for 12 months 

o Comparable to the treated groups with respect to age, sex, and biochemical, histological, 

and serological parameters 

 6-month treatment 

 6-month follow-up 

 Complete response defined by ALT normalization and HBV DNA loss after 6-month  

follow-up period 

Figure 10. Results from the Italian hepatitis B trial at 12 months. Patients were treated for 6 months 

and followed for 6 months. At the end of followup, 25% of patients in the IFNα-2b group and 41% of 

the patients in the Zadaxin group had cleared HBV DNA and normalized ALT. The Zadaxin results 

are significant (*P ‹ 0.05, Fisher’s Exact Test) when compared with a matched group of untreated 

patients (historical control; 7%). In contrast to IFNα-2b, Zadaxin was better tolerated and was not 

associated with adverse side effects. (88) 

 

 

 

 

 

 

Results: 

 Zadaxin-treated group 

o Complete response in 41% (7/17) 

o Significantly higher than untreated group (P ‹ 0.05) 

o 58% histological improvement after 6-month follow-up 

o 25% were unchanged after 6-month follow-up 

o 17% worsened after 6-month follow-up 

o No associated side effects 
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 IFNα-2b-treated group 

o Complete response in 25% (4/16) 

o Insignificant relative to untreated controls 

o 36% improvement in liver histology after 6-month follow-up 

o 36% unchanged after 6-month follow-up 

o 27% worsened after 6-month follow-up 

 Untreated patients 

o Complete response in 7% (1/15) 

The data from this trial illustrate an important apparent difference between Zadaxin and interferon 

treatment. With interferon, responses are typically seen during the first 4 months of therapy, with frequent 

relapses in the follow-up period. In this trial, the response rate in the IFNα-2b group declined from 44% at 

the end of 6-month treatment to 25% at the end of 6-month follow-up. With Zadaxin, responses continued 

to occur after treatment was stopped (29% at the end of 6-month treatment and 41% at the end of 6-month 

follow-up). This delayed response to Zadaxin treatment has been seen in other hepatitis B studies. (87,89) 

While interferon is known to promote a quick response during treatment, relapses are common. (90-92) 

Treatment of hepatitis B with IFNα typically results in rapid and significant inhibition of viral replication 

during the treatment phase, but resistant viral variants or residual viruses rebound after therapy is 

withdrawn and the patient relapses. (90) Zadaxin, on the other hand, appears to work more slowly than 

interferon, perhaps by long-term enhancement of the cellular immune system and, thus, provides a greater 

longterm therapeutic value. 

It is likely that Zadaxin is effective in Mediterranean, Asian, and Caucasian patients, since available data 

include all of these populations and the trend in all studies is similar. Zadaxin also has a good response 

rate in both HBeAg+ and HBeAg- patients. (87,88) With IFNα treatment, however, Asian patients, 

HBeAg- or HBeAg+ patients, children, immunodeficient patients, and highly viremic patients are less 

likely to respond. (93) In a randomized controlled trial of chronic hepatitis B in Chinese adults, 15% of 

the patients had sustained clearance of HBeAg after a 6-month course of IFNα- 2b.94 Another trial in 

Chinese chronic hepatitis B patients showed a response rate, including partial responses, of 12.5% in IFN-

treated patients. (95)  

The experience with IFNα in Taiwan in chronic hepatitis B is similar, with up to 24% response to IFNα 

therapy. (96) Interferon response is better in Chinese patients with elevated ALT and comes closer to the 

36% typical response rate seen with Zadaxin. (95) Patients with HBeAb have shown 60% to 80% relapse 

of viremia and disease during follow-up after treatment with IFNα. (93,97) 
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Hepatitis B 

Zadaxin Plus IFNα Combination Therapy for Chronic Hepatitis B 

Although Zadaxin is an effective monotherapy for CHB, a number of studies suggest that Zadaxin can 

work in synergy with other immune modulators or antiviral agents. 

 In cell culture, Zadaxin combined with IFNα enhanced NK activity in human peripheral blood 

lymphocytes and purified large granular lymphocytes to a greater extent than that which would 

have resulted from an additive effect alone (32) 

 In animal studies, Zadaxin in combination with IFNα increased NK activity in immunosuppressed 

mice (28,29) and had greater antiviral and antitumor activity than that which would have resulted 

from an additive effect alone (26,74,78,98) 

As discussed below, Zadaxin works in synergy with INFα for treating hepatitis C. Therefore, human trials 

to improve the effectiveness of other CHB monotherapies by the addition of Zadaxin are being explored. 

Moreover, because of its excellent safety profile, Zadaxin may be combined with other therapies such as 

IFNα or nucleoside analogs to enhance their efficacy without increasing their toxicity. 

Phase 2 Italy trial (IFNα plus Zadaxin) 

This open label study tested the combination of low-dose lympho-blastoid IFNα (L-IFNα) and Zadaxin. 

(99) 

Patients and protocol: 

 15 patients with CHB 

o HBsAg positive 

o HBV DNA positive 

o ALT levels > 1.5 times normal 

 11 treatment failures on standard IFNα-2b therapy 

 4 previously untreated patients 

 Zadaxin (1 mg) subcutaneously on 4 consecutive days, L-IFNα (3 MIU) intramuscularly on the 

fourth day 

 Subsequently, Zadaxin and L-IFNα biweekly for 26 weeks 

 12-month follow-up 

 Response defined as loss of HBV DNA and normalization of ALT at 18 months. 

Results: 

 Overall sustained response of 60% (9/15) 

 Disease remission in 55% (6/11) of previous IFNα-2b treatment failures 

 No reactivation of disease in any sustained responders followed beyond follow-up period 
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It should be noted that in this trial, the dose of L-IFNα (3 MIU BIW) was a fraction of the total standard 

dose (15-30 MIU) usually given in 3 to 6 injections per week. These data suggest that responses of 

patients to the Zadaxin plus IFNα combination may be higher than has been the general experience with 

either Zadaxin or IFNα monotherapy. The results in patients who were previous interferon failures are 

particularly striking, in light of the fact that historical retreatment response rate with a second course of 

IFNα would be expected to be no better than 10%. These results are consistent with studies conducted in 

vitro and in animals (discussed above) that suggest that Zadaxin acts in synergy with other immune 

modulators. 

Phase 2 Turkish trial (Zadaxin and IFNα-2b) 

This trial compared IFNα-2b monotherapy with Zadaxin plus IFNα-2b combination therapy. (100) 

Patients and protocol: 

 31 patients with CHB 

o Treatment naïve 

o Anti-HBe positive 

o HBV DNA positive 

 Group 1 

o 21 patients 

o Weeks 1 to 26: 1.6 mg Zadaxin SC BIW + 10 MIU IFNα-2b SC TIW 

o Weeks 27 to 52: 10 MIU IFNα-2b SC TIW 

o 26-week follow-up 

 Group 2 

o 10 patients 

o Weeks 1 to 52: 10 MIU IFNα-2b SC TIW 

o 26-week follow-up 

 Endpoints 

o Normalization of ALT: weeks 52 and 78 

o HBV DNA negative: weeks 52 and 78 

o Improved liver histology: week 78 

Results: 

 Response at week 52 

o 87.7% HBV DNA negative with normal ALT: Zadaxin + IFNα-2b 

o 70% HBV DNA negative with normal ALT: IFNα-2b monotherapy 

o Response at week 78 

 Response at week 78 

o 76.2% sustained response: Zadaxin + IFNα-2b 

o 40% sustained response: IFNα-2b monotherapy 

o P = 0.002 
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Hepatitis B 

Zadaxin Plus Nucleoside Analogues Combination Treatment for Chronic Hepatitis B 

In contrast to the disease in the West, the natural history of CHB in Asia is characterized by an initial 

active viral replicative state with minimal liver damage (immune tolerance phase). Immune-tolerant 

patients are usually asymptomatic and have normal or near-normal ALT. This phase is followed by an 

active immune clearance phase with chronic active hepatitis. However, most patients do not clear HBV 

DNA, which then becomes integrated into the host’s genome. Many of these patients will eventually 

progress to develop cirrhosis and hepatocellular carcinoma (HCC). 

The main aim of treatment is to suppress HBV replication before there is any significant irreversible liver 

disease. As most of the liver damage occurs during the immune clearance phase (when HBV replication is 

being suppressed spontaneously), it would be optimal to suppress HBV replication in the earlier, immune 

tolerant phase. Unfortunately, patients in the immune tolerant phase do not respond to current therapies, 

and an effective therapy remains elusive. 

The response rate to interferon in Asian patients is low: Only 15% to 20% will clear HBeAg and HBV 

DNA, and most of these responders are already in the immune clearance phase and, thus, would have 

eventually spontaneously cleared their infection without any treatment. However, in immune-tolerant 

patients, response to interferon is even lower, with less than 5% of patients clearing HBV DNA. One of 

the factors that impair the antiviral effect of immunomodulatory agents is a high pretreatment HBV DNA 

level. Recently, second-generation nucleoside analogues such as lamivudine and famciclovir have been 

shown effective in suppressing HBV replication. It would, therefore, be logical to use a combination of 

immunomodulatory agents and second-generation nucleoside analogues in the treatment of CHB in the 

immune-tolerant phase. 

Pilot Hong Kong study (Zadaxin plus famciclovir) (101) 

This study was populated with patients whose ALT levels made them highly unlikely to undergo 

spontaneous seroconversion to negative HBV DNA and HBeAg. 

Patients and protocol: 

 32 immune-tolerant adult Chinese patients with vertically transmitted CHB 

o ALT <2.5 times upper limit of normal 

o High HBV DNA load: HBV DNA titers > 4000 mEq/mL (Chiron Quantiplex bDNA 

assay) 

 6-month treatment 

o Zadaxin (1.6 mg SC BIW) 

o Famciclovir (500 mg TID) 

 12-month follow-up 

 Complete virological response defined as disappearance of HBV DNA and HBeAg 

 Significant improvement in liver histology characterized by improvement =2 points, Knodell 

hepatitis activity index (HAI) 
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Results: 

 Virological and histological response evaluated 

 3 patients (9.09%) demonstrated a sustained complete virological response after treatment and 

follow-up 

 27.3% patients had significant improvement in liver histology 

 Combination was well tolerated 

 No side effects reported 

These results are highly promising since immunetolerant patients usually do not respond to any available 

drug therapy. 

Unfortunately, therapy with nucleoside analogues leads to the selection of HBV mutants that are resistant 

to these drugs. Lamivudine-treated patients develop lamivudine-resistant mutants at a cumulative rate of 

approximately 20% per treatment year. (82) HBV mutants are also induced by famciclovir therapy. 

However, famciclovir-induced HBV mutants do not show cross-resistance to lamivudine. Therefore, it 

may be possible that the use of a combination of famciclovir and lamivudine may decrease the risk of 

emergence of HBV mutants. 

Pilot Hong Kong study (Zadaxin plus lamivudine plus famciclovir) (102) 

Patients and protocol: 

 11 Chinese patients with vertically transmitted CHB 

o High levels of HBV DNA 

 12-month treatment period 

o Zadaxin (1.6 mg BIW for 6 months) 

o Lamivudine (100 mg/day for 12 months) 

o Famciclovir (500 mg TID for 12 months) 

 12-month post-treatment follow-up 

 Complete virological response defined as disappearance of HBV DNA and HBeAg 

Results: 

 64% (7/11) complete virological response 

 ALT normalized in all patients 

 91% (10/11) HBV DNA negative 

 Drugs were well tolerated 

 No side effects noticed 

These data support the hypothesis that a combination of Zadaxin and nucleoside analogues may be a safe 

and effective therapy for CHB, especially in difficult-to-treat cases such as patients with vertically 

transmitted diseases and nonresponders to previous therapy. 
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Pilot Turkish study (Zadaxin plus lamivudine in pediatric patients unresponsive  

to previous treatment). (103) 

Patients and protocol: 

 10 pediatric patients with vertically transmitted CHB 

 Nonresponders to previous IFNα or IFNα plus lamivudine 

 12-month treatment period 

o Zadaxin (1.6 mg/m2 BIW for 6 months) 

o Lamivudine (3 mg/kg/day for 12 months) 

 12-month post treatment follow-up 

Results: 

 70% (7/10) HBV DNA negative 

 Drugs were well tolerated 

 No side effects noticed 

Key Takeaways 
 

 Zadaxin monotherapy is at least as effective as IFNα in HBV and has more success in populations 

with low response rates to IFNα, eg, vertically transmitted HBV patients and previous 

nonresponders to IFNα or IFNα plus lamivudine. 

 

 Zadaxin-treated patients have fewer relapses. 

 

 Zadaxin has a greater long-term response after treatment is over. 

 

 Patients receiving Zadaxin alone report no serious drug-related toxicities during treatment. 

 

 Zadaxin/IFN combination therapy has a high short- and long-term efficacy rate among previous 

IFN failures. 

 

 Zadaxin/lamivudine combination therapy has a high short- and long-term efficacy rate among 

previous IFN failures. 

 

 Zadaxin/IFN combination therapy almost doubles long-term efficacy compared with IFN 

monotherapy in treatment-naïve patients. 

 

 Zadaxin plus nucleoside analogues are extremely effective in treating HBV, even in 

immunetolerant patients with high HBV DNA levels. 

 

 Zadaxin/lamivudine combination therapy has a high short- and long-term efficacy rate among 

previous IFN or IFN plus lamivudine failures. 
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 Zadaxin can be added to therapies like IFN or nucleoside analogues, enhancing their efficacy but 

not increasing their toxicity. 

 

 Zadaxin is safe and efficacious in pediatric patients. 

 

Hepatitis C 

Clinical Trials 

Hepatitis C is recognized as a global health problem, with an estimated worldwide prevalence of more 

than 170 million and no foreseeable vaccine. As in hepatitis B, Zadaxin is safe and effective for the 

treatment of chronic hepatitis C when used in combination with IFNα. Although the hepatitis B and C 

viruses are not structurally related, they are similar in that they are both associated with a high incidence 

of liver disease, including cirrhosis and hepatocellular carcinoma. They both induce hepatocellular 

damage, whether through direct cytotoxicity or through induction of immune mechanisms that lead to 

hepatocellular necrosis. Clearance of viral infection in both viral diseases requires immune involvement, 

although the exact mechanism for clearance may be different. A much higher percentage of patients (ca, 

85%) infected with the hepatitis C virus go on to chronic infection. 

Current management of hepatitis C is centered on the use of interferons. Unfortunately response occurs in 

a minority of patients and sustained response in fewer. IFNα-2b and ribavirin, a new combination, has 

been approved to treat chronic hepatitis C in naïve patients and in patients who have relapsed following 

standard interferon treatment. The new combination shows fewer relapses than interferon alone but with 

additional side effects. In addition to the typical side effects from interferon, ribavirin causes anemia in up 

to 25% of patients, (104) which can be serious especially in patients with underlying cardiovascular 

disease. Depression, suicidal intention, and suicides have occurred in patients treated with the 

combination of ribavirin and IFNα. 

More recently, PEG-IFNα, a covalent conjugate of recombinant IFNα with a PEG polyethylene glycol 

(PEG) moiety, has been approved as monotherapy and in combination with ribavirin for the treatment of 

naïve patients with chronic hepatitis C. Pegylation involves the attachment of polyethylene glycol to the 

interferon molecule. Pegylation results in slower clearance of the interferon molecule, allowing it to 

remain in the bloodstream longer, thereby providing a more convenient, once-weekly dosing schedule for 

patients and maintaining its ability to consistently suppress the hepatitis C virus over the 1-week dosing 

period. In vitro and in vivo studies suggest that the biological activity of PEG-IFNα is derived from its 

interferon alfa moiety. Despite the recent improvements, the sustained response rate remains around 50%. 

The dissatisfaction with the treatment response rate and the sustained response rate has led to studies of 

interferon combined with other modalities, such as Zadaxin. 
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Hepatitis C 

Zadaxin Plus IFNα Combination Therapy for Chronic Hepatitis C 

Three studies have investigated the therapeutic effect of Zadaxin in combination with IFN for treatment of 

chronic hepatitis C. These are a phase 3 study in the United States (105) and two phase 2 studies in Italy. 

(106,107) These studies have been analyzed independently and using pooled and meta-analysis 

techniques. The data in combined and individual analyses show that Zadaxin in combination with IFN is 

safe, effective, and significantly superior to IFN alone at the end of treatment. Using Zadaxin plus IFN 

combination therapy, both the end-of-treatment and sustained responses are twice those obtained 

with IFN alone.  

Pooled and meta-analysis 
The three hepatitis C studies listed were included in the pooled and meta-analyses. (108) An end-of-

treatment response was defined as normalization of serum ALT (biochemical response) or negative HCV 

RNA by PCR (virologic response) at the end of treatment. Sustained response (SR) was also subdivided 

into biochemical and virologic outcome parameters. A total of 136 patients (67 Zadaxin plus IFN 

combination therapy, 54 IFN monotherapy, and 15 monotherapy historical controls) were included in the 

meta-analysis. A total of 121 patients (67 Zadaxin plus IFN combination therapy and 54 IFN 

monotherapy) were included in the pooled analysis.  

Figure 11. Pooled intent-to-treat analysis of end-of-treatment biochemical response.  

P = 0.0096. (108) 

 

 

 

 

 

 

Pooled intent-to-treat analysis results: 

 End-of-treatment biochemical response (ALT) (Figure 11) 

o 45% in the Zadaxin plus IFN combination treatment group 

o 22% in the IFN monotherapy group 

o P = 0.0096 

 Sustained biochemical response (normal ALT 6 to 12 months after completion of treatment) 

o 22% in the Zadaxin plus IFN combination therapy 

o 9% of patients treated with IFN alone 
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In both of these pooled analyses, end-of-treatment and sustained biochemical response, the Zadaxin plus 

IFN combination treatment response more than doubles that to IFN alone.  

Meta-analysis results: 

 Biochemical response odds ratio > 1 

o 95% confidence interval (CI) > 1 

o Odds ratio of 3:1 

o Zadaxin and IFN combination: > 3 times more likely to normalize ALT at end of treatment 

o Statistically significant result 

 Sustained response odds ratio > 1 

o 95% CI slightly overlapping 1 

o Zadaxin plus IFN combination therapy superior to IFN monotherapy for sustained 

biochemical response 

 Virological response: end of treatment and sustained (undetectable HCV RNA by PCR 6 to 12 

months after end of treatment) 

o Response odds ratio with 95% CI > 1 for combined studies 

o Combination therapy statistically significantly superior to IFN monotherapy 
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Hepatitis C 

U.S. Hepatitis C Trial 

This was a randomized, placebo controlled, double-blind, multicenter trial comparing Zadaxin plus  

IFNα-2b combination treatment to IFNα-2b monotherapy or placebo. 

Patients and protocol: 

 110 patients enrolled and randomized 

o IFNα-2b alone 

o Zadaxin (1.6 mg SC BIW) plus IFNα-2b (3 MIU SC TIW) combination 

o Placebo 

o 107 patients considered evaluable 

o 109 patients used in investigator’s intent-to-treat analysis 

o 110 patients used in sponsor’s intent-to-treat analysis 

o 103 patients considered evaluable by investigator 

o 107 patients considered evaluable by sponsor 

 6-month treatment period 

o Treatment identities unblinded after treatment 

 6-month follow-up of responders 

 Nonresponders to monotherapy and combination therapy offered 6-month combined regimen of  

Zadaxin plus IFNα-2b 

 Primary clinical endpoint: complete biochemical response defined as normal ALT level on last 

two study visits at the end of the 6-month treatment period 

It should be noted that the primary clinical endpoint definition in this study was more stringent than what 

was reported in the literature with IFN monotherapy at the time, where the single last ALT is used to 

determine end-of-treatment response. 

Results: 

 Evaluable patients 

o Combination response of 42% was significantly greater than IFNα-2b response of 19% (P 

= 0.04) 

o Combination response of 42% was significantly greater than placebo response of 5% (P < 

0.001) (Figure 12) 

 Partial responders were considered as nonresponders in efficacy analysis 

 

 

 

 



 

Copyright protected.  www.SciClone.com  39  

 

Figure 12. Results in the US hepatitis C trial at 6 months. The figure shows the complete 

biochemical response (ALT) at the completion of the 6-month treatment for the three treatment 

groups. Patients were treated with either Zadaxin plus IFNα-2b, IFNα-2b, or placebo. N = 107 

evaluable. Data on file. (159) 

 

 

 

 

 

 

Figure 13. Time to first ALT normalization in the US hepatitis C trial. The figure shows that 

Zadaxin plus IFNα-2b combination therapy enhances later treatment response for a longer 

duration than typically seen with IFN alone. This cumulative biochemical response accounts for 

the observed differences in end-of-treatment response between Zadaxin plus IFNα-2b combination 

and IFNα-2b alone. (105) 

 

 

 

 

 

 

ZDX + IFN vs IFN, P = 0.007 

ZDX + IFN vs PBO, P = 0.0001 

IFN vs PBO, P = 0.009 

Intent-to-treat analysis: 

 Viral clearance defined as end-of-treatment viral load compared with viral load at baseline 

 Significant difference between Zadaxin plus IFNα- 2b and placebo groups (P < 0.001) 

 Statistical trend in the difference between Zadaxin plus IFNα-2b and IFNα-2b (P = 0.1) in HCV 

RNA levels 
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 Patients with histological activity index (HAI) score improvement >2 points 

o Zadaxin plus IFNα-2b group: 47% (16/34) 

o IFNα-2b group: 36% (12/33) 

o Placebo group: 14% (5/36) 

o P = 0.01 among the three treatment groups 

o P = 0.004 between Zadaxin plus IFNα-2b combination and placebo 

 Concordance in both active treatment groups between improved HAI and response on the basis  

of ALT (data on file) 

After 6 months of therapy, 11 patients who did not respond to IFNα-2b were placed on a 6-month 

combined regimen of Zadaxin plus IFNα-2b. Ten of the 11 patients (one patient dropped out after 12 

weeks secondary to pre-existing coronary artery disease) completed 6 months of the combined regimen. 

Re-treatment results: 

 40% showed normalization of ALT 

 80% demonstrated at least a 50% decrease in viral titer 

 30% classified as complete virological responders (viral titers below assay’s detection limit) 

Following 6 months of treatment, patients were followed for 6 months to evaluate sustained response. 

Patients who relapsed were offered an additional 6 months re-treatment with the same treatment: 

combination IFNα-2b plus Zadaxin or IFNα-2b monotherapy. Re-treated relapsers were then followed for 

6 months to evaluate sustained response. 

Sustained response results: 

 Analysis included patients treated for 6 months and relapsers retreated for a total of 12 months 

 Sustained biochemical response 

o 19.2% for Zadaxin plus IFNα-2b 

o 9.4% for IFNα-2b 

 Zadaxin plus IFNα-2b combination therapy was superior to single-agent IFNα-2b in treatment of 

patients with CHC 

 Treatment was generally well tolerated 
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Hepatitis C 

Italian Hepatitis C trial and Thailand Hepatitis C trial, Interim Results 

Italian hepatitis C trial #1 (106) 

This was an open-label, phase 2 study of CHC patients using a combination of Zadaxin and 

lymphoblastoid IFNα (L-IFNα). 

Patients and protocol: 

 Enrolled patients had biochemical-, histological-, and serological-confirmed CHC 

 15 patients entered into the study 

o 4 previous IFNα-2b therapy failures 

o 13/15 patients were genotype 1b (least responsive to interferon therapy) 

o 6 patients with active cirrhosis 

 Initial treatment of 1-week inductive therapy (1 mg Zadaxin SC, days 1 to 4; 3 MIU L-IFNα IM, 

day 4) 

 Maintenance treatment weeks 2 to 52 (1 mg Zadaxin SC, BIW; 3 MIU L-IFNα, IM, TIW) 

 6-month follow-up after completion of 12-month treatment period (18 months total) 

 Response defined as negative serum HCV RNA by PCR at 12 months 

 Sustained response defined as negative serum HCV RNA by PCR after a 6-month follow-up 

Results: 

 After 12-month treatment period 

o 73% (11/15) had loss of serum HCV RNA 

o 2 (of original 4) were IFNα-2b failures 

o 8 also responded with normal ALT 

 69% (9/13) with HCV type 1b responded to therapy 

 6 months post treatment 

o 39% (5/13) responders with HCV type 1b still negative for serum HCV RNA 

o 50% (3/6) with active cirrhosis responded with loss of HCV RNA 

o 33% (2/6) with active cirrhosis still negative 

o 40% (6/15) overall sustained response 

o 5/6 HCV RNA negative patients at 18 months also had normal ALT levels 

o Patients with sustained response to treatment showed significant improvement in HAI after 

treatment (Knodell HAI; P < 0.05) 

o No major toxicity observed 

o No patient reduced IFNα-2b dosage or suspended treatment 

  

In this study, combination treatment for 12 months resulted in a greater sustained response rate over that 

seen with 6-month treatment. 
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Italian hepatitis C trial #2 (107) 

This was a randomized study to compare the efficacy of Zadaxin plus IFNα-2b combination treatment 

with IFNα-2b monotherapy. 

Patients and protocol: 

 34 patients 

 Treatment naïve 

 Histologically proven HCV-positive chronic active hepatitis 

 Persistent mean ALT = 2 times upper limit of normal 

 17 patients randomized to receive IFNα-2b (3 MIU TIW) and Zadaxin (2 mg BIW) for 6 months 

 17 patients received IFNα-2b alone (3 MIU TIW) 

 12-month post-treatment follow-up 

 Complete response defined as normal ALT 

Results: 

 After 6-month treatment period 

o 71% (12/17) complete response in patients treated with Zadaxin plus IFNα-2b combination 

o 35% (6/17) complete response in patients treated with IFNα-2b alone 

o P = 0.04 

 After 12-month follow-up 

o 29% (5/17) in Zadaxin plus IFNα-2b combination group 

o 18% (3/17) in IFNα-2b monotherapy group 

Thailand hepatitis C trial, interim results (109) 

This is an ongoing, single-arm study to investigate the efficacy of Zadaxin plus IFNα-2a combination 

treatment in Thai patients with chronic HCV infection. 

Patients and protocol: 

 12 patients 

 8 treatment naïve 

 4 nonresponders to previous IFN therapy 

 Histologically proven HCV-positive acute chronic active hepatitis 

 Patients received IFNα-2a (3 MIU TIW) and Zadaxin (1.6 mg BIW) for 48 weeks 

Results: 

 At 24 weeks 

o 33.3% virological response (HCV RNA negative) 

 At 48 weeks 

o 45.5% overall virological response (HCV RNA negative) 

o 80% virological response in naïve patients 



 

Copyright protected.  www.SciClone.com  43  

Hepatitis C 

Summary & Key Takeaways 

Hepatitis C Summary 

The United States National Institutes of Health (NIH) Consensus Meeting held in March 1997 reviewed 

new data in the treatment of CHC. The NIH CHC conference concluded that Zadaxin, when used in 

combination with IFNα, is ―the most promising of the cytokines or immunomodulators tested thus far.‖ 

(110) 

Key Takeaways 

 Zadaxin added to IFN more than doubles the efficacy rate of IFN alone in end-of treatment 

and sustained response. 

 

 Zadaxin plus IFN is effective in IFN nonresponders and in cases of relapse after IFN treatment. 

 

 Response rates increase during a full 48 weeks of therapy. 

 

 Zadaxin combination therapy has a high response rate even in genotype 1 patients. 

 

 No major toxicity has been observed in patients receiving combination therapy. 
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Human Immunodeficiency Virus 

Clinical Trials 

Stimulation of the immune system, especially in combination with antiviral agents has received 

considerable interest as a potential means to treat acquired immunodeficiency syndrome (AIDS)- and 

HIV-infected patients. Both preclinical and clinical studies have shown a high degree of immune 

restoration from the combined administration of Zadaxin and IFNα. Thus, Zadaxin in combination with 

AZT and IFNα has been investigated for treatment of HIV-infected patients. 

Phase 2 Italian HIV trial (111) 

This open-label, initial phase 2 study investigated the combination of Zadaxin, IFNα, and AZT for 

treatment of HIV-infected patients with CD4 counts of 500 or lower. 

Patients and protocol: 

 7 patients in each of four treatment groups 

o Zadaxin (1.0 mg BIW) plus IFNα (2 MIU BIW) plus AZT (500 mg/day) 

o Zadaxin (1.0 mg BIW) plus AZT (500 mg/day) 

o IFNα (2 MIU BIW) plus AZT (500 mg/day) 

o AZT (500 mg/day) 

o 12- to 18-month treatment period 

Results: 

 Zadaxin plus IFNα plus AZT group 

o CD4 cells increased from 309 ± 77 before treatment to 496 ± 230 (P = 0.029) 

o The addition of Zadaxin stimulated lymphocyte cytotoxic activity against NK-sensitive 

target cells compared with other treatment groups 

  

Phase 3 Italian HIV trial (84) 

This was a larger, multicenter, randomized, phase 3 study to determine the safety and efficacy of Zadaxin 

plus IFNα plus AZT combination therapy in HIV-infected patients. 
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Patients and protocol: 

 92 HIV-infected patients 

o Asymptomatic or with AIDS-related complex 

o CD4 counts 200 to 500/mm³ 

o No more than 1 month previous AZT 

 3 treatment groups 

o AZT (500 mg/day) 

o AZT plus IFNα (3 MIU IM BIW) 

o AZT plus IFNα plus Zadaxin (2 mg SC BIW) 

 1-year treatment period 

Results: 

 Sustained increase in CD4 counts in Zadaxin plus IFNα plus AZT combination group 

 Decreased CD4 counts in other treatment groups 

 Median CD4 counts at 12 months relative to baseline 

o Zadaxin plus IFNα plus AZT combination group: +69 cells/mm³ 

o IFNα plus AZT combination group: -52 cells/mm³ 

o AZT group: -65.5 cells/mm³ 

 Greatest CD4 effect seen in patients with baseline CD4 <350 mm³ (Figure 14) 

o +115 cells/mm³, Zadaxin plus IFNα plus AZT 

o -18 cells/mm³, IFNα plus AZT 

o -71 cells/mm³, AZT 

Figure 14. Results from the HIV trial in Italy at 12 months. The figure shows the median change 

in CD4 cells/mm³ at the end of 12 months of treatment relative to baseline for patients with 

baseline CD4 =350 mm³. The three treatment groups were Zadaxin plus IFNα plus AZT, IFNα 

plus AZT, and AZT. (84) 

 

 

 

 

 

 

 

 

 

 

In this trial, plasma HIV RNA and p24 antigenemia data also suggested the superiority of the triple 

combination therapy. 
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Plasma HIV RNA changes: 

 Mean change from baseline at 5 months 

o Zadaxin plus IFNα plus AZT: decrease of 16,000 copies/mL 

o AZT monotherapy: decrease of 5,000 copies/mL 

 Mean change from baseline at 12 months 

o Zadaxin plus IFNα plus AZT: decrease of 15,000 copies/mL 

o AZT monotherapy: increase to 7,000 copies/mL above baseline 

p24 antigenemia results at 12 months:  

 Zadaxin plus IFNα plus AZT: maximum change from baseline of -232 pg/l 

 IFNα plus AZT: increase above baseline of +1.6 pg/l 

 AZT monotherapy: increase above baseline of +33 pg/l 

  

Key Takeaways 

 Zadaxin plus IFNα plus AZT treatment leads to sustained increases in CD4 counts. 

 

 Zadaxin plus IFNα plus AZT combination therapy triples the reduction of HIV RNA copies  

relative to AZT monotherapy. 

 

 Zadaxin’s superior safety profile makes it ideally suited for special patient populations, 

 including immune-epressed patients. 

 

 Zadaxin does not compound the side effects of IFNα or AZT. 
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Vaccine Adjuvant in Immunocompromised 

Patients 

Introduction 

Immune senescence, a normal aging process, has been related to a gradual decline in thymus function and 

thymic hormone production. The lack of thymic hormones may contribute to the decline in immune 

function, particularly the T-cell component. (112-114) In the elderly, quantitative and qualitative analysis 

of a specific antibody response after vaccination has been shown to be compromised when compared with 

response in young subjects. (115,116) 

Decreased antibody response to T-cell dependent antigens may be one factor that accounts for insufficient 

efficacy of certain vaccination programs (eg, influenza). Diminished antibody responses have also been 

reported in patients with end-stage renal disease. The evidence for impairment of cellmediated immunity 

in hemodialysis patients has been attributed to incompetence in T-cell–mediated immune responses. (117-

121) Several studies have reported poor antibody response after hepatitis B vaccination in hemodialysis 

patients. (122-124) 

Since Zadaxin can enhance T-cell-dependent specific antibody production, the addition of Zadaxin to 

vaccination programs for immunocompromised individuals should be effective. In vaccinated elderly 

individuals, in vitro influenza antibody synthesis was augmented with the addition of Zadaxin. (115) 

Enhancement of specific antibody responses to tetanus toxoid and sheep red blood cells also was observed 

by the in vivo administration of Zadaxin to older mice or mice immunosuppressed with cocaine. 

(125,126) These experimental data support that Zadaxin, when appropriately administered with a vaccine, 

can enhance immune function and enhance an antibody response in individuals with a compromised 

immune system. 

Six clinical studies have been completed that evaluated the efficacy of Zadaxin as an adjuvant for 

influenza and hepatitis B antiviral vaccines in subjects immunocompromised due to age or hemodialysis. 

When compared with vaccine plus placebo, administration of Zadaxin in conjunction with vaccine 

increased and sustained the specific antibody response, increased protection against illness, and overcame 

previous lack of specific antibody response and age-associated decline in specific antibody response. The 

studies also show that Zadaxin is safe for administration to immunocompromised subjects, and no serious 

adverse effects were observed in any of the studies. 
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Vaccine Adjuvant in Immunocompromised 

Patients 

Cornell Medical Center (Ithaca, New York) and University of Wisconsin Trials 

The immunoenhancing effect of Zadaxin for influenza vaccination was examined by Gravenstein et al at 

the University of Wisconsin and Cornell Medical Center. (127) 

Patients and protocol: 

 9 elderly subjects (age range 65 to 99 years) 

 Subjects nonresponsive to influenza vaccination 1 year earlier 

 Initial administration of influenza vaccine 

 Subsequent biweekly Zadaxin (0.9 mg/m2) injections for 5 weeks 

Results: 

 67% (6/9) of Zadaxin subjects responded with high levels of anti-influenza antibodies 

 10% typical response rate to revaccination in elderly subjects 

Figure 15. Clinical response to influenza vaccination. There was a lower incidence of influenza in 

subjects who received 8 doses of Zadaxin compared with placebo (6/100 [5.5%] vs 21/110 [19%]; P = 

0.002). (129) 

 

 

 

 

 

 

This trial was followed by a double-blind, randomized, placebo-controlled study at the Wisconsin 

Veterans’ administration Medical Center, Madison, conducted by the same group of researchers. (128) 
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Patients and protocol: 

 90 male veterans > 64 years of age 

 Mean age 77.3 years 

 Age range 65 to 99 years 

 45 subjects randomized to Zadaxin 0.9 mg/m2 SC BIW for 4 weeks following vaccination IM 

with trivalent influenza vaccine 

 45 subjects randomized to placebo injections SC BIW for 4 weeks following vaccination IM with 

trivalent influenza vaccine 

 Groups were similar with respect to age, underlying disease, and medications 

 Effective immunization defined as fourfold or greater rise in antibody titer over 3 to 6 weeks as 

measured by ELISA 

Results: 

 69% (31/45) of Zadaxin subjects effectively immunized 

 52% (21/40) of placebo subjects effectively immunized 

 P = 0.023 

 Differences were greater in subjects older than 77 years 

 Relationship between antibody levels and age (P < 0.039) 

 Antibody levels declining with age in placebo subjects 

 Antibody levels remaining stable with age in Zadaxin-treated subjects 

 Antibody levels in Zadaxin-treated older subjects comparable to levels in younger subjects 
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Vaccine Adjuvant in Immunocompromised 

Patients 

George Washington University Trial (129) 

Patients and protocol: 

 330 subjects 

 Initial vaccination with trivalent influenza vaccine (B/Ann Arbor, A/H3N2 Leningrad, A/H1N1 

Taiwan) 

 Subsequent treatment 

o 4 SC injections of Zadaxin (0.9 mg/m²) 

o 8 SC injections of Zadaxin (0.9 mg/m²) 

o Placebo SC injections 

Results – All Age Groups 

 A/H1N1 Taiwan antigen 

o Greater antibody levels in patients receiving 8 doses of Zadaxin than either other group (P 

= 0.015) 

 Lower incidence of influenza in patients receiving 8 doses of Zadaxin versus placebo (P = 0.002) 

(Figure 15) 

o Zadaxin: 6% (6/100) 

o Placebo: 19% (21/110)  

Results – Subjects 80 years or older 

 Fourfold increase in specific influenza antibody levels (considered clinically effective) in patients 

who received 8 doses of Zadaxin relative to placebo 

 P = 0.031 for B/Ann Arbor 

 P = 0.044 for A/H3N2 Leningrad 

 P = 0.027 for A/H1N1 Taiwan 

  

Greatest effect on augmentation of antibody levels by Zadaxin observed in subjects ≥ 80 years with 

prevaccination antibody levels < median level for this age group (Figure 16) 
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Figure 16. Results from US influenza trial. This figure shows the percent of subjects aged 80 to 

101 years with baseline antibody levels less than the median who responded with a fourfold rise in 

antibody levels for each antigen strain at 6 weeks post vaccination. The three treatment groups 

were Zadaxin (8 doses following vaccination), Zadaxin (4 doses following vaccination), and 

placebo (8 doses following vaccination). P < 0.05 Zadaxin (8 doses) compared with placebo, all 

influenza strains. (129) 
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Vaccine Adjuvant in Immunocompromised 

Patients 

Hemodialysis Patients 

Two separate randomized, double-blinded, placebocontrolled trials evaluated the adjuvant effect of 

Zadaxin on two different vaccines in subjects immunocompromised by chronic renal failure and 

undergoing hemodialysis. (85,130,131) 

Study 1 (130,131) 

Patients and protocol: 

 23 hemodialysis patients 

 Nonresponders to a course of Heptavax B vaccination ≥ 3 months earlier 

 3 vaccine injections (Heptavax B) given 1 month apart 

 Each followed by 5 biweekly injections of Zadaxin 0.9 mg/m² or placebo 

3-month results: 

 375% increase in patients producing clinically significant (P < 0.002) HBsAb titers (>10 mIU/mL) 

o 64% (7/11) of Zadaxin-treated patients 

o 17% (2/12) of placebo-treated patients 

12-month results: 

 45% of Zadaxin-treated patients achieved sustained, clinically significant HBsAb titers (P < 

0.002) 

 0% of placebo-treated patients developed sustained, clinically significant HBsAb titers 

 Higher antibody levels in Zadaxin-treated patients 
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Figure 17. Antibody response to influenza vaccine with Zadaxin adjuvant in hemodialysis patients. 

The figure shows the percent response (defined as fourfold or greater increase in specific anti-

influenza antibody) of hemodialysis patients to influenza vaccination treated with Zadaxin adjuvant 

therapy or placebo. The Zadaxin-treated patients exhibited a statistically significantly greater fourfold 

antibody response compared with placebo (4 weeks post vaccination P < 0.002; 8 weeks post 

vaccination P < 0.001). (85) 

 

 

 

 

 

 

 

 

 

 

Study 2 (Figure 17) (85)  

Patients and protocol: 

 97 hemodialysis patients 

 Vaccination with monovalent A/Taiwan/1/86 (H1N1) influenza vaccine 

 8 subsequent injections (2 per week) of Zadaxin 0.9 mg/m² or placebo 

Results: 

 4 weeks post vaccination 

o 71% (34/48) of Zadaxin-treated patients developed a fourfold or higher titer of specific 

antibody 

o 43% (21/49) of placebo-treated patients developed a fourfold or higher titer of specific 

antibody 

o P < 0.002 

 8 weeks post vaccination 

o 65% (31/48) response rate in Zadaxintreated patients (fourfold or higher titer of specific 

antibody) 

o 24% (12/49) response rate in placebotreated patients (fourfold or higher titer of specific 

antibody) 

o P < 0.001 
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Vaccine Adjuvant in Immunocompromised 

Patients 

Key Takeaways 

 Zadaxin adds power to hepatitis B and influenza vaccines. 

 

 The exemplary safety profile of Zadaxin allows for use in renally compromised and elderly 

patients. 

 

 Zadaxin provides more than 6 times the typical response to revaccination in previous 

nonresponders. 

 

 Zadaxin has shown the greatest effect in patients older than 80 years and has been used safely in 

patients as old as 101 years. 
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Cancer 

Introduction 

The therapeutic usefulness of Zadaxin has been examined in several types of cancers. Zadaxin has 

efficacy in several animal cancer models and has been shown to improve immune function in these 

models. Many cancer patients have depressed cellular immunity, and progression of some cancers appears 

to be related to impaired suppression of the tumors by the immune system. This has been shown to be the 

case for melanoma, hepatocellular carcinoma (HCC), and renal-cell carcinoma. (132) 

Immune modulation (eg, with IL-2) has shown promising results for treatment of human cancers, (133-

135) and the results summarized below suggest that Zadaxin may have usefulness in treating certain 

forms of cancer. 
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Cancer 

Hepatocellular Carcinoma 

Hepatocellular carcinoma is the most prevalent malignant disease in the world, killing up to 1.25 million 

people per year. HCC accounts for more than 80% of all primary liver tumors and has a worldwide annual 

incidence of approximately 1 million new cases, (136) with a male to female ratio of about 3-8:1. (137) 

HCC is a common malignancy in Africa and Asia, and it accounts for approximately 4000 to 6000 cases 

per year in the USA. (138) 

Eighty to ninety percent of patients with HCC have underlying cirrhosis; alcoholic cirrhosis is the 

predominant type in Western countries, whereas in southeast Asia, posthepatitis cirrhosis is more 

common. There is a strong correlation between HCC and chronic hepatitis B. High incidence rates in 

Africa and Asia have been associated with high endemic HBsAg carrier rates. (139) In these areas highly 

endemic for hepatitis B, an association between HCC rates and mycotoxin contamination of food has been 

detected. (138) One of the identified mycotoxins is one of the most potent natural chemical carcinogens 

known: aflatoxin B1. This toxin, produced by Aspergillus flavus and Aspergillus parasiticus, is usually 

associated with grains and food products such as peanuts and rice. (140) 

More recently, an association between HCC and chronic hepatitis C has been determined. Antibodies to 

hepatitis C virus are found in as many as 80% of patients with hepatocellular carcinoma in countries 

including Japan, Spain, and Italy. (141) HCC carcinogenesis has also been associated with radiation, 

thorotrast, smoking, alpha-1 antitrypsin deficiency, hemochromatosis, Budd-Chiari syndrome, porphyria, 

oral contraceptives, and anabolic androgenic steroids. 

When identified in its early stages, HCC can be treated with surgical resection or liver transplantation, and 

some patients may be cured. However, the disease is often not amenable to surgical treatment, either 

because of tumor size or because of poor liver function. In these situations, the prognosis is dire. 

Other treatment approaches have been tried when surgery or liver transplantation are not feasible. 

Systemic chemotherapy results are at best dismal. Conversely, a large number of reports have provided 

encouraging perspectives for regional chemotherapy. (138) Transcatheter arterial chemoembolization 

(TACE) is a combination of regional chemotherapy and some form of hepatic artery occlusion. 

Consistently higher response rates have been reported for TACE when compared with systemic 

chemotherapy. Combining immunomodulatory therapy with TACE was expected to increase the efficacy 

level even higher. 
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Italian trial of Zadaxin in HCC (142) 

This phase 2 trial examined the efficacy and safety of Zadaxin for treatment of HCC. 

Patients and protocol: 

 12 patients 

 11 patients with Child class A or B cirrhosis, Okuda stage I or II tumors 

 1 patient with Child class C cirrhosis, Okuda stage III tumor 

 Diagnosis based on ultrasonography and histology 

 6 months treatment with 0.9 mg/m2 Zadaxin (SC, BIW) 

 TACE (40 to 60 mg of doxorubicin) 

 Historical control group matched for gender, age, Okuda staging, Child score, a-fetoprotein  

serum levels, and viral infection, treated with TACE alone  

Results: 

 Longer survival times in Zadaxin-treated patients 

o Statistical significance achieved 7 months after end of treatment 

o 82% versus 41% survival 

o P < 0.05 

 Significant increase in cytotoxic T cells (CD8) in Zadaxin-treated patients at 3 months after  

end of treatment 

 Significant increase in NK cells (CD16 and CD56) in Zadaxin-treated patients at 1 month after 

end of treatment 

The delayed after-treatment effect of Zadaxin observed in this study is concordant with studies in hepatitis 

B where it is common to see patients respond to Zadaxin during the follow-up period. 

Chinese Trial of Zadaxin in HCC 

This open-label, historically controlled trial evaluated the efficacy and safety of adding Zadaxin therapy 

to TACE. (143) 

 

Patients and protocol: 

 32 patients 

 TACE procedure 

o 5 to 15 mL iodinized oil 

o 40 to 60 mg doxorubicin HCI 

o 100 to 200 mg carboplatin 

o 1 g 5-FU 

o Zadaxin: 1.6 mg SC days 1 to 10 after TACE treatment 

 26 historical controls 

o Matched for gender, age, Okuda staging, Child’s score, serum a-fetoprotein, viral hepatitis 

infection 

o Treated with TACE alone 

 HCC tumor variants: massive, nodular, diffuse 
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Results (Figure 18) — Zadaxin + TACE: 

 Significantly lowered AFP levels from baseline (512 ng/mL): 

o 354 ng/mL after treatment 

o ng/mL 2 weeks post therapy 

 Significantly increased CD3 count and NK-cell activity 2 weeks post treatment (P < 0.05) 

 Significantly increased CD4/CD8 ratio 

o 1.07 ratio value before therapy 

o 1.55 ratio value 2 weeks post therapy 

Figure 18. Zadaxin+TACE: HCC survival. (143) 

 

  

 

 

 

 

 

Results: 3-month survival 

 96% Zadaxin + TACE 

 96% TACE 

 

Results: 9-month survival 

 88% Zadaxin + TACE 

 58% TACE 

 P < 0.05 

 

Results: 6-month survival 

 91% Zadaxin + TACE 

 77% TACE 

 P < 0.05 

 

Results: 12-month survival 

 78% Zadaxin + TACE 

 46% TACE 

 P < 0.05 
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Cancer 

Non–Small-Cell Lung Cancer 

Zadaxin has been used to treat NSCLC in several different trials. This cancer accounts for approximately 

75% of lung cancer cases, and current therapies such as radiation therapy and chemotherapy give 

disappointing results, with 5-year survival for stage III tumors ranging from 0% to 12% after a 

combination of radiation and chemotherapy. (144-146) 

George Washington University trial (147) 

This was a double-blind, randomized trial.  

Patients and protocol: 

 42 patients with localized, unresectable NSCLC 

 Treatment after radiation therapy up to 1 year or until relapse 

o Placebo biweekly 

o Zadaxin 0.9 mg/m2 biweekly 

o Zadaxin 0.9 mg/m2 daily for 14 days followed by biweekly maintenance treatments 

Results: 

 Improvement of absolute T-cell levels that had been depleted by radiation in  

Zadaxin-treated patients 

 Increase in the percentage of lymphocytes expressing the pre–T-cell and helper–/inducer–T-cell 

o Zadaxin treated patients: 90% retention of both OKT3- and OKT4-positive cells surface 

markers in Zadaxin-treated patients 

o Placebo-treated patients: OKT3-positive cells decreased to 78% of original value; OKT4-

positive cells decreased to 64% of original value) 

 Statistically significant improvement in relapse-free survival in both Zadaxin-treated groups  

(P = 0.04) 

 Statistically significant improvement in overall survival in both Zadaxin-treated groups  

(P = 0.009) 

Italian trials  

Trial #1 (148) 

 

 60 patients 

 Zadaxin in combination with chemotherapy (cisplatin and etoposide) and IFNα 

 55 evaluable patients 

 2 complete responses 

 22 partial responses 

 Overall response rate of 44% 

 Median survival was 12.6 months 
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Trial #2 (25) 

 22 patients 

o 10 patients randomized to chemotherapy (ifosfamide) 

o 12 patients randomized to chemotherapy followed by Zadaxin (1 mg) and low-dose IFNα 

(3 MIU) 

 Enhanced response rate of 33% in Zadaxintreated patients 

 10% response rate with chemotherapy alone 

 Increased time to progression in Zadaxintreated patients 

o Zadaxin-treated patients: 18 weeks, range 9-53 weeks 

o Ifosfamide alone: 9 weeks, range 6-18 weeks 

o P = 0.006 

 CD4 and CD8 cell counts significantly depressed after 2 cycles of chemotherapy alone 

 No difference in cell count in Zadaxin group 

 50% of patients treated with ifosfamide alone presenting with grade 3 or 4 myelosuppression 

 0% of Zadaxin patients presenting with grade 3 or 4 myelosuppression 
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Cancer 

Malignant Melanoma 

Malignant melanoma is resistant to most forms of therapy, with response rates to dacarbazine (DTIC), the 

most active single agent, of approximately 17% to 20%, without impact on patient survival. (149-151) 

The effects of Zadaxin in combination with chemotherapy and cytokine therapy for treatment of 

malignant melanoma were examined in 3 trials in Italy with comparisons to historical controls. 

Trial #1 (152) 

 26 patients 

 Zadaxin used following DTIC therapy in combination with IFNα 

 World Health Organization (WHO) evaluation criteria 

 Overall response rate of 50% 

 Mean duration of response of 13.5 months 

Trial #2 (153) 

 20 patients 

 Stage III or IV unresectable metastatic melanoma 

 Zadaxin used following DTIC therapy in combination with IFNα 

 Up to 9 cycles of therapy 

 50% overall response to therapy 

o 25% complete response 

o 25% partial response 

 Median survival time 11.5 months (range 6 to 83+) 

 Median time to progression 5.5 months (range 3 to 83+) 

 35% survival >12 months (7/20) 

 15% disease free after more than 3 years (3/20) 

Figure 19. Effect of Zadaxin on metastatic melanoma. The trials involving Zadaxin were Lopez, 

(148,154) Favalli, (152) and Rasi. (153) Percent response is as defined in each study. (148-

150,152-155) 
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Trial #3 (154) 

 42 evaluable patients 

 Zadaxin administered following DTIC therapy in combination with IL-2 

 36% objective response rate 

o 2 complete responses 

o 13 partial responses 

 Median time to progression 5.5 months 

 Median survival 11 months 

Historical controls have shown response rates of about 27% with DTIC and IFNα (149) and about 22% 

with DTIC and IL-2. (155) Thus, the Zadaxin-treated patients showed greater overall response over these 

other regimens, namely DTIC with IFN or IL-2 (Figure 19). 

Cancer 

Key Takeaways 

 In HCC, Zadaxin in combination with TACE doubles survival rate at 7 months. 

 

 Zadaxin plus TACE significantly increases survival post treatment compared with TACE alone. 

 

 In NSCLC, Zadaxin treatment following radiation therapy increases T-cell levels and significantly 

improves overall survival. 

 

 Zadaxin helps to maintain CD4 and CD8 cell counts during and after chemotherapy. 

 

 In malignant melanoma, Zadaxin plus IFN more than doubles the response rate to DTIC alone. 

 

 Zadaxin has not been shown to add to side effects from front-line cancer treatments. 
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Toxicity and Safety 

Toxicity in Animals and in Vitro 

In vivo preclinical studies have included single dose toxicity, 2-week, 13-week, and 26-week multiple-

dose toxicity, special immune toxicity, and reproductive toxicity. Zadaxin has also been tested for 

genotoxicity in in vivo and in vitro systems. In these studies, Zadaxin has not demonstrated any drug-

related adverse toxicity at the doses tested. A maximum tolerated dose has not yet been achieved in single 

or repeat-dose studies. 

Single-dose toxicity studies in mice, rats, and marmosets tested subcutaneous doses up to 20 mg/kg – over 

800 times the currently used daily human dose (23 to 25 µg/kg for a 1.6-mg dose). Repeat dose studies in 

mice, rats, and marmosets tested daily SC injections up to 6 mg/kg/day (over 200 times the daily human 

dose of 1.6 mg) for 13 weeks or up to 1 mg/kg/day for 26 weeks. 

Safety in Humans 

Since 1979, Zadaxin has been evaluated in more than 3,000 patients in over 70 clinical studies. 

Administration has been in daily doses ranging from 0.6 to 9.6 mg/m² and 1 mg to 16 mg, primarily 

administered subcutaneously on a biweekly schedule, for treatment periods ranging from 1 day to 18 

months. No serious adverse experiences have been observed. Zadaxin has been shown to be well tolerated 

even in patients with poor performance status, including those with decompensated liver disease, renal 

disease requiring hemodialysis, primary immunodeficient individuals, and elderly patients as old as 101 

years.  

The lack of significant side effects with Zadaxin is in sharp contrast to other major immune response 

modulators such as IFN and IL-2. The side effects and toxicities of the latter drugs make them difficult for 

most patients to tolerate. For example, IFN results in flu-like side effects (fever, chills, malaise, and 

headaches) and IL-2 causes significant edema in the lungs and elsewhere. 
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