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ABSTRACT

Since 1986, the Center for Genetic Engineering and Biotechnology of Havana, Cuba, has produced the recombinant
human interferon alpha-2b, marketed as Heberon® Alfa R. The therapeutic use of this product has accumulated a
high number of researches carried out in the country’s public health network. For the analysis of its safety profile,
28 years of reports of adverse events were reviewed in 5806 individuals, both children and adults, coming from
147 clinical trials or healthy assistances using the product. This review also contains a safety comparison between
lyophilized and liquid formulations. In addition, an analysis of the connection between the occurrence of adverse
events and the demographic characteristics of the patients, an analysis of immunogenicity and another on the varia-
tion of the thyroid function associated to the use of Heberon® Alfa R were included. Finally, a general analysis of the
product’s efficacy based on the number of treated patients and the clinical results obtained are presented. Adverse
events were reported in 4864 subjects (84 %). The main adverse events were those corresponding to the flu-like
syndrome, with higher frequency in male white patients. Hypothyroidism and immunogenicity behaved lower than
similar products in the international pharmaceutical market. Approximately 60 % of the treated patients obtained
a relevant therapeutic response and a liquid formulation offered a better benefit/ risk ratio. The extensive clinical
information evaluated recognizes a Heberon® Alfa R as a safe and effective drug, 30 years after its first production.
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RESUMEN

Interferén alfa-2b cubano. Treinta aifos como un medicamento eficaz y seguro. La produccién por primera
vez en 1986 del interferén alfa-2b humano recombinante cubano, comercializado como Heberon® Alfa R, dio inicio
a la introduccién y comercializacién de diversos tipos y formulaciones de interferones por el Centro de Ingenieria
Genética y Biotecnologia, de La Habana, Cuba. El uso terapéutico de este producto fue evaluado en un gran nomero
de investigaciones clinicas realizadas en el Sistema Nacional de Salud de Cuba. Para el andlisis del perfil de seguri-
dad del Heberon® Alfa R fueron revisados 28 afos de reportes de eventos adversos en 5806 individuos entre nifos
y adulios, procedentes de un compendio de 147 investigaciones clinicas o usos asistenciales con el producto. Este
trabajo contiene, ademds, una comparacién de la seguridad entre las formulaciones liofilizada y liquida; Incluye tam-
bién un andlisis de la relacién de ocurrencia de eventos adversos y las caracteristicas demogrdéficas de los pacientes;
un andlisis de inmunogenicidad y otro sobre la variacién en la funcién tiroidea asociada al uso del Heberon® Alfa
R. Por tltimo, se muestra un andlisis general de la eficacia del producto, a partir del nomero de pacientes tratados y
los resultados clinicos obtenidos. Los principales eventos adversos observados fueron aquellos correspondientes con
el sindrome pseudogripal, con mayor frecuencia en los pacientes masculinos blancos. El hipotiroidismo y la inmu-
nogenicidad se comportaron inferiores respecto a los productos similares en el mercado farmacéutico internacional.
Aproximadamente el 60 % de los pacientes tratados obtuvo una respuesta terapéutica relevante y la formulacién
liquida ofrecié la mejor relacién riesgo beneficio. La amplia informacién clinica evaluada reconoce al Heberon® Alfa
R cubano como un medicamento efectivo y seguro, transcurridos 30 afos desde su primera produccién.
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Introduction

Interferons (IFN) are heterogeneous families of pro-
teins considered as one of the most active biological
substances. The discovery in 1957 was a milestone
in knowledge of the cytokines capable of interfering
with the viral replication [1]. They are present in all
animal species and their multifunctional character al-
lows them to influence several cell processes, either as
a component of the immune system during the defen-
sive response in the presence of a virus [2], parasites
[3] and certain tumors [4], or by inhibition or modula-
tion of cell differentiation and proliferation [5]. Other
actions include the antiproliferative activity on the
splitting cells [6] and the immunomodulating activity
which regulates the production of other cytokines, the
activation of the macrophages, natural killer cells and

T cells cytotoxicity, the increase of the expression of
histocompatibility leukocyte antigens and activities
similar to certain hormones [7]. The most recently de-
scribed actions referred to their antifibrotic [8], neuro-
modulator [9] and antiangiogenic [10] properties.

IFN alpha is recognized as a treatment for wide
range of diseases. The main indication is the infection
by the hepatitis B [11] and C [12] viruses, followed by
different manifestations of human papilloma virus [13]
and Herpes Simplex virus [14]. Other well established
indications are onco-hematologic diseases [15], as well
as skin [16], bladder [17] and kidney [18] carcinomas.
Likewise, its effectiveness is recognized in childhood’s
hemangiomas [19] and solid tumors such as melanoma
[20] and ovaries [21].
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early IFN-gamma response and the IL-10
response in Leishmania mexicana infection.
Parasite Immunol. 2010;32(2):153-60.
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2013;33(4):145-53.
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The Center of Biological Research (CIB), in Ha-
vana, and the Center for Genetic Engineering and
Biotechnology (CIGB) set up a scientific and pro-
ductive complex with IFN experiences accumulated
since 1981. The production of the natural leukocyte
IFN alpha from blood donors, first, and since 1986 the
recombinant [FN alpha-2b, made possible to conduct
therapeutic researches following the Clinical Good
Practices regulations established in Cuba, using hos-
pital institutions throughout the country. Therefore,
the information has been obtained guarantees the ef-
ficacy and safety of products [22].

From 1981 to 2014, IFN alpha from CIGB was used
in more than 8000 individuals among Cuba, Pakistan,
Iran, Ukraine, Brazil and many other countries. Six
therapeutic effects have been evaluated and 14 medi-
cal specialties have applied the product as treatment
for 69 diseases. It has been administered by subcutane-
ous, intramuscular, intralesional, intrathecal, intrave-
nous and intraperitoneal parenteral routes; and locally
applied in the forms of cream, gel and eye drops [22].

Cuban IFN alpha is marketed as lyophilized and
liquid (LQ) Heberon® Alfa R, both with similar phar-
macokinetics and pharmacodynamics profiles to In-
tron A® [23, 24]. Its biological properties have been
meticulously studied in several cell lines [25-29] and
clinically demonstrated since the classic uses [30-34]
up to other such as: asymptomatic carriers of the hu-
man immunodeficiency virus [35], hepatic cirrhosis
[36], Peyronie’s disease [37], multiple sclerosis [38],
schizophrenia [39] and epidemic neuropathy [40].

In 2010, PEG-Heberon® was introduced by CIGB,
an IFN alpha-2b molecule conjugated to two-branched
40 kDa polyethylene glycol molecules, showing in-
creased bioavailability and pharmacokinetics in rab-
bits [41] and further tested in a bioequivalence trial in
healthy human subjects [42]. More recently, a phase
I trial with the formulation was reported containing
IFNs alpha and gamma in synergistic proportions [43].

IFN alpha has been associated with substantial
toxicity in relation to the neurologic, cutaneous, mus-
culoskeletal, gastrointestinal, cardiovascular, renal,
hepatic, and hematologic systems. However, the main
manifestation is the flu-like syndrome, represented by
headache, fever, chills, asthenias, myalgia and arthral-
gia. The incidence and severity of the adverse events
are clearly dose-related; some occur more frequently
and are more severe with longer duration of the thera-
py. Most of them are both predictable and completely
reversible with interruption of therapy [44].

In 2016, a safety and efficacy analysis of Heberon ®
Alfa R was carried out, with data from its clinical use
after 30 years of existence as a leading product of the
Cuban biotechnology.

Materials and methods

According to the evaluation and characterization of
Heberon® Alfa R safety profile 5806 subjects with
evidence of the product administration within 28
years (1986-2014) were considered. The range dos-
age included from 3 to 30 million international units
(MIU) weekly in therapeutic regimens since one week
to five years of extension (Table 1).

The 5806 individuals were subdivided in 5332
adults (92 %) and 474 children (8 %). The information
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Table 1. Distribution of patients and Heberon® Alfa R therapeutic schemes

Patients per treatment

Doses  Frequency Up to Up to More than
(MIU) (times/week) 24 weeks % 48 weeks % 48weeks % Total %
1 5 2 0.07 0 0 0 0 2 0.03
1 1 0 0 0 0 159 20.5 159 2.7
2 5 119 4.2 0 0 0 0 119 20
3 3 664 235 2005 90.7 400 51.5 3069 53.0
3 2 219 7.8 62 2.8 190 24.5 471 8.1
3 1 40 1.4 0 0 0 0 40 0.7
5 3 171 6.1 0 0 0 0 171 3.0
6 5 16 0.6 0 0 0 0 16 0.3
) 3 483 17.1 44 2.0 0 0 527 9.0
6 1 9 0.3 0 0 0 0 9 0.2
6 2 1 0.04 0 0 27 35 28 0.5
9 3 70 2.5 0 0 0 0 70 1.2
9 2 22 0.8 0 0 0 0 22 04
10 5 66 2.3 0 0 0 0 66 1.1
10 3 276 9.8 85 3.8 0 0 361 6.2
10 2 138 4.9 0 0 0 0 138 24
10 1 447 15.9 0 0 0 0 447 7.7
20 2 47 1.7 0 0 0 0 47 0.8
20 1 30 1.1 14 0.6 0 0 44 0.8
Total 2820 48.6 2210 38.0 776 13.4 5806 100

MIU: Million of International Units.

was collected from 147 clinical reports, conducted
128 (87 %) in adults and 19 (13 %) in children. The
trials were Phase I studies in healthy volunteers, Phase
II exploratory, Phase III confirmatory and Phase IV
clinical studies of national extension in Cuba; also,
several reports of treated cases were used. Fifty-two
different therapeutic indications were covered by 13
medical specialties.

It was considered an adverse event any unfavor-
able medical incident presented in individuals to
whom there was administrated the pharmaceutical
product and who necessarily did not have a causality
relation with the treatment. There was also considered
any involuntary unfavorable sign (including an abnor-
mal laboratory find), symptom or disease temporarily
present, related or not with IFN alpha.

Adverse events were classified by intensity, ac-
cording to the following grading scale: mild (if they
did not require treatment), moderate (if they implied
the administration of a specific therapy) and severe
(if a modification of the original therapeutic scheme
was necessary). Besides, they were also classified by
consequence as: serious adverse event whatever un-
toward medical occurrence that at any dose resulted in
death, required admission or prolongation of hospital
stay, or persistent significant disability or life threat-
ening [45].

For the nomenclature of adverse events, we used
the terminology established by the World Health Or-
ganization (WHO) for the codification of the clini-
cal information with respect to medicinal treatments
(WHO Adverse Reaction Terminology, WHO-ART).
This methodology is based on the classification ac-
cording to a defined list of the different systems and
organs of the human body [46]. The frequency of ad-
verse events was classified according to the criteria of
the Council of International Organizations of Medical
Sciences (CIOSM), based on the number of individu-
als affected [47].
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We studied the presence of anti-IFN alpha anti-
bodies in serum samples collected from patients and
processed in biological laboratories in the CIGB. A
simple immunoenzymatic assay (ELISA) ‘sandwich’
type (IFN alpha-2b/sample/protein A—peroxidase con-
jugate) was used with specificity confirmation, devel-
oped and validated by the CIGB [48]. A second bio-
assay was implemented in cells, to assess the ability
of antibodies to neutralize the antiviral activity of IFN
[49]. Both steps were in line with the patterns recom-
mended by WHO and the International Society for IFN
and Cytokine Research [50].

Thyroid function was evaluated every three months
by clinical laboratories in the hospitals using ELISA
systems and commercial kits for the determination of
thyroid hormones T3, T4 and TSH.

Descriptive statistics were used to present the char-
acteristics of the patient population studied. Dichoto-
mous qualitative variables were used and frequency
tables were designed for categorical data. Contingen-
cy tables and Pearson’s Chi square test (y°) was used
with a 95 % confidence level (5 % significance level)
in order to determine the relation of dependence or
independence between the type of Heberon® Alfa R
formulation and the occurrence of adverse events.

Results

Up to 147 clinical reports were analyzed for safety and
efficacy profile of Heberon® Alfa R and 103 (70 %)
were conducted with the lyophilized formulation and
38(26%)usedtheliquid formulation. The other 6 (6 %)
was conducted with eye drops or gel preparations.

The population studied was heterogeneous in terms
of dose, frequency and duration of treatment with
Heberon® Alfa R (Table 1). From 5806 individual
analyzed, 4401 (76 %) received daily doses or cyclic
administration (3 times per week on alternate days),
while 1405 (14 %) were treated with intermittent
(once or twice per week). Long-term regimens were
applied in 2575 (44 %) patients and consisted in 9 to
30 million of international units (MIU) weekly during
48 or more weeks of treatment.

Adverse events were reported in 4864 subjects (84
%). There were compiled 18 234 reports of adverse
events, with 211 different types of manifestations,
where 185 (88 %) were detected by physical examina-
tion, while 26 (12 %) corresponded to alterations in the
normal levels of the hematologic, biochemical and en-
docrine parameters evaluated by the clinical laboratory.

Table 2 shows thirty-three adverse events presented
in more than 1 % of the patients evaluated; in which
the main ones corresponded to flu-like syndrome, rep-
resented by fever, headache, myalgia, chills, arthral-
gia and asthenia, reported by more than a thousand
patients (= 20 %). Among hematologic events, the
most frequent was anemia in approximately 15 %,
while a smaller number of individuals were affected
by thrombocytopenia and neutropenia. In the clas-
sification by WHO-ART, the highest incidences cor-
responded to six general disorders, followed by four
gastrointestinal and four psychiatric disorders.

Frequency classification by CIOSM is presented in
Table 3, showing that 84 % of adverse events were un-
related to Heberon® Alfa R; most of them were con-
sidered as rare and another part infrequent ones. There
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Table 2. Distribution of patients treated with Heberon® Alfa R by adverse events classified
according to WHO-ART *

Adverse N 9 System-organ classes for disorders
No. events (patients) % 4 gC'CISSi'ﬁCGﬁOI‘I
1 Fever 2877 49.6 General
2 Headache 2094 36.0 Central & peripheral nervous system
3 Myalgia 1852 32.0 Muscle-skeletal system
4 Arthralgia 1467 25.0 Muscle-skeletal system
5 Chills 1436 24.7 General
6 Asthenia 1155 20.0 General
7 Anemia 846 14.6 Red blood cell
8 Anorexia 571 9.8 Psychiatric
9 Leucopenia 552 9.5 White cell and reticuloendothelial system
10  Malaise 447 7.7 General
11 Nausea 314 5.4 Gastro-intestinal system
12 Fatigue 275 4.7 Metabolic and nutritional
13 Weight loss 271 4.7 General
14 Vomiting 246 4.2 Gastro-intestinal system
15 lIrritability 230 4.0 Psychiatric
16  Hair loss 227 3.9 Skin and appendages
17  Depression 221 3.8 Psychiatric
18 Thrombocytopenia 189 3.3 Platelet, bleeding & clotting
19  Insomnia 186 3.2 Psychiatric
20  Injection site pain 153 2.6 Application site
21 Diarrheas 148 2.5 Gastro-intestinal system
22 Dizziness 148 2.5 Central & peripheral nervous system
23 Burning at the 144 2.5 Application site
injection site
24  Dry mouth 131 2.3 Gastro-intestinal system
25 Tremors 117 2.0 Central & peripheral nervous system
26  Pruritus 101 1.7 Skin and appendages
27  Body pain 104 1.8 Muscle-skeletal system
28  Neutropenia 92 1.6 White cell and reticuloendothelial system
29  Erythema at the 92 1.6  Application site
injection site
30 Abdominal pain 85 1.5 General
31  Somnolence 86 1.5 Psychiatric
32  Skin rash 82 1.4 Skin and appendages
33  Hyper-menstrual 71 1.2 Female reproductive system
bleeding

* Adverse events with more than 1 % of affected patients. WHO-ART: World Health Organization -

Adverse Reaction Terminology.

were 29 events reported in two subjects and 60 were
single. Each event occurred in less than half of patients.

Data from 541 patients (111 children and 430
adults) included in three trials with administration
of Heberon® Alfa R; during 48 or more weeks, are
shown in Table 4. This subpopulation had 7886 re-
ports of adverse events, 79 % of them were classified
as mild intensity, mainly during the first administra-
tions. Less than 1 % was reported with severe inten-
sity, the majority were hematologic manifestations as
anemia, leukopenia or neutropenia in patients with
chronic hepatitis C. No adverse events were classified
as serious.

13. Foldvari M, Badea |, Kumar P, Wettig S,
Batta R, King MJ, et al. Biphasic vesicles for
topical delivery of interferon alpha in hu-
man volunteers and treatment of patients
with human papillomavirus infections. Curr
Drug Deliv. 2011;8(3):307-19.

14. Papan C, Hagl B, Heinz V, Albert MH,
Ehrt O, Sawalle-Belohradsky J, et al. Ben-
eficial IFN-alpha treatment of tumorous
herpes simplex blepharoconjunctivitis in
dedicator of cytokinesis 8 deficiency. J Al-
lergy Clin Immunol. 2014;133(5):1456-8.

Table 3. Adverse events distributions of patients treated with Heberon® Alfa R according

to scale CIOSM

Adverse events (%) Affected patients

Classification

CIOSM scale for the
amount of affected patients

7 (3 %) = 581 Very frequent
26 (12 %) 58-580 Frequent
51 (24 %) 6-57 Infrequent

127 (60 %) <6 Rare

CIOSM = 1/10
1/100 = CIOSM < 1/10
1/1000 < CIOSM < 1/100
1/10 000 = CIOSM < 1/100

CIOSM: Council of International Organizations of Medical Sciences.
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The relation between demographic characteristics
and the incidence of adverse events was analyzed in
1660 patients. A statistically significant relation by
chi-squared was found for sex (p < 0.010), skin color
(p < 0.000) and for intrathecal, intralesional, intra-
muscular and subcutaneous routes of administration
(p < 0.000). The higher frequency of adverse events
was observed in male white patients with a fever as
unique events related.

Thyroid function was evaluated by the clinical
laboratory in 79 patients (Table 5) and detected 34
(43 %) with thyroid hormones induced by Heberon®
Alfa R. Hypothyroidism found in 25 patients was the
most common event and chronic hepatitis C the most
associated disease.

The immunogenicity profile of the lyophilized for-
mulation of Heberon® Alfa R was analyzed in 952
patients from 23 clinical investigations (Table 6).
Antibodies with antiviral action neutralizing capacity
were detected in 22 (2.3 %) individuals. This percent-
age was lower than 2.7 % reporting for the other IFN
alpha-2b and also inferior than 25.7 % described for
the IFN alpha-2a from the international market. A sig-
nificant dependence was found between the type of
product and the induction of antibodies when Heber-
on® Alfa R was compared against the Roferon A®.

The statistical analysis revealed that the type of He-
beron® Alfa R preparation had a significant influence
in their safety profile (Table 7). There were 85 different
adverse events reported for the liquid formulation and
176 with the lyophilized formulation. Meanwhile the
comparative analysis of the six most frequent clinical
adverse events found highest significant incidences of
fever, myalgia, arthralgia and chills associated with the
lyophilized formulation while only headache and asthe-
nia predominated with the liquid formulation (Table 7).

Comparison between Heberon® Alfa R and PEG-
Heberon® (pegylated IFN alpha-2b produced by
CIGB) similarly revealed that the occurrence of ad-
verse events depended on the product administered
(Table 8). The use of pegylated reduced from 211 to
80 the different types of adverse events reported and
also evidenced a decrease in the percentage of patients
reporting flu-like symptoms (Table 8).

Table 9 summarizes the efficacy of Heberon® Alfa
R from 110 clinical trials performed in their differ-
ent biological effects described. Nearly 60 % of the
treated patients obtained a direct benefit from the use
of Cuban IFN alpha as treatment for their disease; this
includes disappearance of any clinical, histological or
virological evidence.

Discussion

We considered that a review of a large number of
patients and trials was pertinent because data from
a broad group of physicians were compiled; and the
comparisons between different formulations and routes
of administration will be useful to facilitate improving
and maintaining the use of Heberon® Alfa R in the
treatment of viral and malignant diseases in the future.

The methodology used for the nomenclature of
events in safety profile of Heberon® Alfa R was
correct because WHO-ART is the most commonly
alternative recommended by regulatory agencies and
pharmaceutical companies. Moreover, the CIOMS

1214

Table 4. Adverse events classification by intensity in patients treated with Heberon® Alfa R

Intensity (%)

N No adverse

Disease events (%) Mild Moderate Severe Total
RRP 162 62 (38.3%) 143 (62.7%) 75(33.0%) 10 (4.4%) 228 (2.9 %)
CHB 33 5(152%) 86 (100 %) 0 0 86 (1.1 %)
CHC 346 18(5.2%) 5993 (79.1%) 1538 (20.3 %) 41 (0.5 %) 7572 (96.0 %)
Total 541 85(15.7 %) 6222 (78.9 %) 1613 (20.5%) 51 (0.65%) 7886

RRP: Recurrent Respiratory Papillomatosis. CHB: Chronic Hepatitis B. CHC: Chronic Hepatitis C.

Table 5. Thyroid function evaluation in patients treated with Heberon® Alfa R

Hypothyroidism Hyperthyroidism

Disease Patients Maintained Induced Maintained Induced
CHC 54 14 (26 %) 21 (39 %) 4 (7 %) 7 (13%)
MM 13 0 3 (23 %) 0 1(7.7 %)
FM 1 0 1(9 %) 0 1(9 %)
CML 1 0 0 0 0
Total 79 14 (18 %) 25 (32 %) 4 (5 %) 9 (11 %)
Total induced 34 (43 %)

Maintained: Thyroid dysfunction existing before and during treatment. Induced: Treatment-induced
thyroid dysfunction. CHC: Chronic hepatitis C. MM: Multiple myeloma. FM: Fungoid mycosis. CML:
Chronic myeloid leukemia.

Table 6. Immunogenicity profile in patients treated with Heberon® Alfa R, compared to
Roferon A® and Intron A®*

Anti-IFN
HSA content Evaluated i
Interf t k : tral 9
nterferon (trademark) (mg/mL) patients nuer:JﬁL%:iz;:sg %
IFN alfa 2a (Roferon A®) 5.0 548 141 25.7
IFN alfa 2b (Intron A®) 1.0 9911 268 2.7
IFN alfa 2b (Heberon® Alfa R) 1.5 952 22 2.3

*The three products were produced in Escherichia coli as a host organism and marketed as lyophilized
formulations. Data for Roferon A® and Intron A® were from the Schering-Plough Research Institute,
2001. Heberon® Alfa R data was compared by the 2 test to that of Roferon A® (p< 0.05) and Intron
A® (p = 0.47). HSA: human serum albumin.

Table 7. Comparison of safety profiles of Heberon® Alfa R liquid and lyophilized formulations*

Adverse event Occurrence Lyophilized Liquid
Patients % Patients %

Fever Yes 1974 54.76 903 41.02
No 1631 45.24 1302 58.98
Myalgia Yes 1336 37.05 516 23.44
No 2269 62.95 1685 76.56
Arthralgia Yes 1080 29.96 387 17.58
No 2525 70.04 1814 82.42
Chills Yes 1076 29.85 360 16.36
No 2529 70.15 1841 83.64
Headache Yes 1018 28.24 1076 48.89
No 2587 71.76 1125 51.11
Asthenia Yes 629 17.45 526 23.90
No 2976 82.55 1675 76.10
Al Yes 3247 90.07 2170 98.59
No 358 9.93 31 1.41

Total 3605 2201

*Heberon® Alfa R lyophilized and liquid formulations’ data showed statistically significant differences (y2 test;
p < 0.05) in the number of patients showing each adverse event and in general, with less patients
having them with the liquid formulation.

had functioned, since 1977, as a forum for discussion
between international drug regulatory authorities and
pharmaceutical companies; and in 1994 an unambigu-
ous international medical terminology for regulatory
purposes [51] was established.

Entirely expected in any safety analysis of IFN
alpha, including some previous studies performed
with Heberon® Alfa R [52-54], the most frequent

15. Kiladjian JJ, Giraudier S, Cassinat
B. Interferon-alpha for the therapy of
myeloproliferative neoplasms: target-
ing the malignant clone. Leukemia.
2016;30(4):776-81.

16. Ismail A, Yusuf N. Type | interferons:
key players in normal skin and select cu-
taneous malignancies. Dermatol Res Pract.
2014;2014:847545.
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adverse events were those related to pseudoinfluenzal
syndrome. Administration of exogenous IFN alpha
releases a cascade of cytokines, including tumor ne-
crosis factor alpha (TNF alpha), interleukin (IL)-1,
IL-2, IL-6, IFN gamma and IFN-inducible protein-10
[55]. Many of the cytokines are mediators of the cel-
lular and inflammatory immune response to a viral
infection; consequently, they can cause similar consti-
tutional symptoms and activate another complex cas-
cade of processes responsible for several IFN alpha
toxicities. For example, the neurologic effect com-
prising fatigue, mood disorders, cognitive changes,
depression and anorexia appear as the result of the
interaction of IFN with the opioids receptors located
at hypothalamic level [56].

Meanwhile, fever is associated with a stimulated
basic mechanism of temperature increase because the
cytokines released in response to exogenous IFN are
important endogenous pyrogens capable of activating
receptors on thermosensitive neurons in the preoptic
area of the hypothalamus (i.e., the fever center of the
brain). Moreover, IL-1 and TNF alpha trigger produc-
tion of prostaglandin E2 by glial cells, which can reset
the central thermostat [57].

Alterations in the hematological parameters were
caused by myelosuppression after the interaction be-
tween IFN and specific receptors at the cellular level
[58]. Anemia, one the most frequent events, was in-
fluenced by the hemolytic effect of ribavirin received
by 404 patients from those treated for chronic hepa-
titis C [59].

It was confirmed that IFN alpha toxicities affect
numerous organ systems and are associated with the
individual dose regimen [60]. In the subject popula-
tion studied, most of them were analyzed after long-
term treatment regimens and with high cyclic doses
weekly of Heberon® Alfa R administered, only the
flu-like symptom classified as very frequent events.
This finding corroborates that the events are mainly
acute and often demonstrate progressive blunting
within days on continued therapy [60]. This phenom-
enon known as tachyphylaxis is triggered because the
first parenteral administrations of Heberon® Alfa R
inhibit the [FN-alpha-specific IgG antibody response
and induced peripheral tolerance to subsequent paren-
teral administration [61]. Clinically means that acute
toxicity occurs at the beginning of the treatment and
later diminishes in number and intensity until disap-
pears. Another positive finding for Heberon® Alfa R
was the low incidence of chronic toxicities such as
weight loss, bone marrow depression, drowsiness and
psychiatric depression, considered in association with
cumulative dose or therapy duration [62].

All authors agree that the majority of IFN alpha
side effects can be managed with appropriate support-
ive care [60-62]. Our experience confirmed the utility
of prophylactic administration of non-steroidal anti-
inflammatory drugs for reduce flu-like symptoms and
improve adherence of patients to treatment.

We confirmed that thyroid dysfunction (TD) is
the most common endocrinopathy associated with
hepatitis C and may be a condition exacerbated or
induced by the treatment with IFN alpha [63]. Stud-
ies have shown that in patients who developed TD,
immune markers levels such as IL-6 and TNF alpha
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Table 8. Comparison of safety profiles of Heberon® Alfa R and PEG-Heberon®*

Adverse event Occurrence Lyophilized Liquid
Patients % Patients %

Fever Yes 2877 50.40 148 27.00
No 2929 49.60 400 73.00
Myalgia Yes 1852 31.90 104 18.98
No 3954 68.10 444 81.02
Arthralgia Yes 1467 25.27 103 18.80
No 4339 74.73 445 81.20
Chills Yes 1436 24.73 44 8.03
No 4370 75.27 504 91.97
Headache Yes 2094 36.07 124 22.63
No 3712 63.93 424 77.37
Asthenia Yes 1155 19.89 160 29.20
No 4651 80.11 388 70.80
Al Yes 5417 93.30 524 95.62
No 389 6.70 24 4.38

Total 5806 548

*Heberon® Alfa R lyophilized and liquid data showed statistically significant differences (2 test;
p < 0.05; p = 0.04 for the overall data comparison) in the number of patients showing each adverse
event and in general, with less spatients having among those treated with PEG-Heberon®. PEG-
Heberon® is a liquid formulation, while data of Heberon® Alfa R comprise patients treated with both
formulations (3605 with lyophilized and 2201 with liquid formulations).

Table 9. Efficacy profile of Heberon® Alfa R

Patients Respondent

Biological effect  Trials treated  patients %
Antiviral 56 2902 1511 52
Anti-proliferative 31 657 509 81
Anti-angiogenic 4 131 94 77
Anti-fibrotic 4 139 95 68
Immunomodulatory 3 47 38 81
Central Nervous 17 696 418 60
System
General 115 4572 2665 58

are relatively higher, the condition consistent with
a phenomenon secondary to the administration of
exogenous IFN alpha [64]. Our results were in cor-
respondence with many similar studies with high fre-
quency of hypothyroidism [65].

Heberon® Alfa R showed the lowest immunoge-
nicity. The comparison between different products of
the same biological molecule is usually controversial
because many factors may be involved. We consider
that the manufacturing and purification procedure of
the Cuban IFN alpha-2b has contributed to a signifi-
cant reduction in contaminating immunogenic mo-
lecular species [66].

The three formulations compared were lyophilized
and contained human serum albumin (HSA) as a sta-
bilizer. Since the HSA can covalently interact with
other proteins, a formation of heterotypic IFN-HSA
aggregates has been described. Furthermore, during
lyophilization a homotypic IFN-IFN aggregates can
be formed. Both types of protein aggregation are con-
sidered impurities contributing to the formation of
antibodies [67]. Marketed IFN alpha products contain
10 to 5000 times more HSA than IFN, depending on
the formulation; therefore it is feasible to consider fur-
ther formation of IFN-HSA complexes; consequently
ROFERON® with 5-fold more HSA is 10-fold more
immunogenic [68].

Heberon® Alfa R with 1.5 mg/mL HSA content
was slightly less immunogenic than Intron A® with

Biotecnologia Aplicada 2017; Vol.34, No.1

17. Shepherd AR, Shepherd E, Brook NR.
Intravesical Bacillus Calmette-Guerin
with interferon-alpha versus intravesical
Bacillus Calmette-Guerin for treating non-
muscle-invasive bladder cancer. Cochrane
Database Syst Rev. 2017;3:CD012112.

18. Rini Bl, McDermott DF, Hammers H,
Bro W, Bukowski RM, Faba B, et al. Society
for Immunotherapy of Cancer consensus
statement on immunotherapy for the
treatment of renal cell carcinoma. J Im-
munother Cancer. 2016;4:81.

19. Jimenez-Hernandez E, Duenas-Gon-
zalez MT, Quintero-Curiel JL, Velasquez-
Ortega J, Magana-Perez JA, Berges-Garcia
A, et al. Treatment with interferon-al-
pha-2b in children with life-threatening
hemangiomas. Dermatol Surg. 2008;
34(5):640-7.

20. Malczewski A, Marshall A, Payne MJ,
Mao L, Bafaloukos D, Si L, et al. Intrave-
nous high-dose interferon with or without
maintenance treatment in melanoma at
high risk of recurrence: meta-analysis of
three trials. Cancer Med. 2016;5(1):17-23.

21. Ingersoll SB, Ahmad S, McGann HC,
Banks RK, Stavitzski NM, Srivastava M, et
al. Cellular therapy in combination with
cytokines improves survival in a xenograft
mouse model of ovarian cancer. Mol Cell
Biochem. 2015;407(1-2):281-7.



Nodarse-Cuni H, et al.

Cuban IFN alpha proven safe and effective for 30 years

1.0 mg/mL HSA. Although this finding could be relat-
ed to minimal post-transcriptional changes and small
differences in their three-dimensional structures, it is
much more probable to consider the possible forma-
tion of aggregates favored by inadequate storage con-
ditions, the pH used for the formulation, as well as for
the process of INTRON A® lyophilization [69]. The
development of HSA-free Heberon® Alfa R liquid
formulation was a very important contribution to the
clinical safety profile and to the reduction of immuno-
genicity by eliminating the two sources of IFN-HSA
and IFN-IFN aggregates formation [70].

The lower incidence of adverse events reported by
individual studies [71] with PEG-Heberon® is one
of the traditional advantages reported for pegylated
versus conventional formulation [72]. The new IFN

alpha & gamma formulation is expected to demon-
strate clinical results that coincide with the reduction
in number and intensity of adverse events with respect
to both individual products [73].

In summary, from the large number of trials re-
viewed and the low percentage of patients with clini-
cally relevant adverse events, we consider the Cuban
IFN alpha produced by CIGB a well-tolerated, effec-
tive and safe drug. In particular, the HAS-free liquid
formulation of Heberon® Alfa R offers a positive
benefit/risk ratio safety profile.
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