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A considerable number of biopharmaceuticals have recently been introduced into clinical
practice. Their role is becoming more and more important in managing various diseases,
including incapacitating and life-threatening diseases. The authors systematically reviewed
literary data from 1990 to 2013 dedicated to studying adverse side reactions to medicinal
proteins. The authors used international databases to search for publications dedicated to this
issue. As a result, this analysis involves studies describing adverse reactions of such
biopharmaceuticals as immunosuppressants and antineoplastic agents. Differences between
biopharmaceuticals and small molecules in the rate of adverse phenomena, structure and
severity of their manifestations are shown. Classification of adverse reactions and possibility of
its use in terms of biopharmaceuticals, recommendations and conclusions for the Russian
pharmacovigilance system are given.
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RELEVANCE

A considerable amount of biopharmaceuticals (BP) used both in treating of various diseases (in
vivo) and diagnostics (in vitro) have been introduced in the clinical practice within the last 10
years [1, 2].Medicinal proteins first became widely used in clinical medicine in 1950s.
Generally, these were vaccines, serums, immunoglobulins and toxoids. To be more consistent,

Koch’s vaccines and tuberculin were probably the first BP (1890). Later, insulins, interferons,
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interleukins (IL), colony-stimulating factors and erythropoietins have been used after that; since
the end of 1990s — monoclonal antibodies and their varieties [3]. It must be noted that now it is
one of the most rapidly developing segments of the pharmaceutical market. There are more than
150 BP now; ca. 370 BP more are on different stages of clinical studies [3]. It is also known
that in 2003-2006 medicinal proteins accounted for more than 20% of all innovative drugs
approved in Europe and the USA by such agencies as the European Medicines Agency (EMEA)
and Food and Drug Administration (FDA) [4]. We must also mention biological analogs, the
role of which is becoming more prominent, especially in the developing countries, given the
expiration of patents on many original medicinal proteins. Interpreting it money terms, given
the current volume of the world pharmaceutical market, the BP share is 30bn dollars, while the
share of biological analogs yet is ca. 10bn dollars [5].

There we must briefly enlarge upon definitions. According to one of the, a BP is a medicinal
protein obtained using biotechnologies: recombinant DNA technology; controllable expression
of genes encoding the synthesis of biologically active proteins; method of monoclonal
antibodies etc. [3].

It is indisputable that such an interest to medicinal proteins is caused by their high clinical
efficacy and broad range of indications to use. Areas of use of them are extremely versatile:
endocrinology, oncology, rheumatology, oncohematology and hematology. The modern leaders
in the group of BP are monoclonal antibodies to various receptors, enzymes and
macroorganism’s cells [6-11]:

e tumor necrosis factor (anti-TNF) — treatment of psoriasis, Crohn's disease and
rheumatoid arthritis [infliximab (Remicade), adalimumab (Humira)];

e pre-B lymphocytes and mature B-lymphocytes — lymphomas, rheumatoid arthritis,
chronic lymphatic leukemia [rituximab (Mabthera), ofatumumab (Arzerra)];

e vascular endothelial growth factor receptors — metastatic colorectal cancer, metastatic
non-small-cell lung cancer, metastatic breast carcinoma and renal cell carcinoma
[bevacizumab (Avastin)];

¢ human epidermal growth factor — disseminating breast cancer [trastuzumab (Herceptin)];

e c¢pidermal growth factor receptor (EGFR) — colorectal cancer and brain tumor
[cetuximab (Erbitux), panitumumab (Vectibix)];

e interleukin 12 and 23 — psoriasis [ustekinumab (Stelara)];

interleukin 6 — rheumatoid arthritis [tocilizumab (Actemra)].
Moreover, a part of proteins aimed at treating oncological and rheumatic diseases has become

an ideological platform for the so called target therapy [12].



At the same time, the issues of pharmacological safety of these drugs, namely the rate and
structure of adverse phenomena or side reactions (AdR), are not always clear and causes
suspicion in many experts. The preparations used as immunosuppressants and antineoplastic
agents deserve great attention in the first place.

The aim of this literary review is to find information on the adverse phenomena observed at the

use of biopharmaceuticals used as immunosuppressants and antineoplastic agents.

METHODS

We conducted a systematic analysis of publications from 1990 to 2013 in order to reveal the
studies dedicated to the research of adverse reactions of medicinal proteins. We searched the
systems “MEDLINE”, “Cochrane Library” and “EMBASE”. The keywords were “biologics”,
“pharmacovigilance”, “biopharmaceutical”, “safety profile of biologicals”, “adverse drug
reactions of biopharmaceuticals” etc.

Inclusion criteria. The analysis involved publications describing AdR of medicinal proteins
from the group of immunosuppressants and antineoplastic agents. We used the anatomical
therapeutic chemical classification (ATC), by which we distinguished “Antineoplastic and
immunomodulating agents” (L), which is subdivided into the following subgroups:
“Antineoplastic agents” (LO1), “Endocrine therapy” (L02), “Immunostimulants” (L03) and
“Immunosuppressants” (L04).

Exclusion criteria. The analysis did not involve publications aimed at analyzing AdR of small
molecules (SM). We excluded data on insulin drugs, vaccines, serums, immunoglobulins and
toxoids. We did not analyze AdR of biological analogs (biosimilars).

We defined AdR as negative reactions connected with the use of a medicinal product in regular
doses, which is used to prevent, diagnose or treat diseases and also to alter physiological
functions [4].

We used the classification of adverse phenomena, which distinguishes between 4 types: A, B, C
and D [13].

e Type A is characterized by reactions caused by the drug’s pharmacological properties.
They are usually predictable, frequent and dose-dependent; they are characterized by
low lethality.

e Type B is characterized by immunoallergic reactions; they are unpredictable, dose-
independent and appear less often. These reactions are often severe and have an
unfavorable outcome.

e Type C — reactions appearing after a prolonged therapy; as a result, a patient may

develop new disease; there may be an increase in the rate of “spontaneous” diseases.



e Type D — delayed reactions (carcinogenic, mutagenic, teratogenic effects, genital
system’s defects etc.). They may appear in months or years after treatment.

RESULTS
The primary analysis of a keyword “biopharmaceutical” revealed ca. 25,000 citations, using the
exclusion criteria — 1,200 reports on AdR of medicinal proteins (from insulins to toxoids).
Manual search considerably decreased number of reports — down to 60 publications.
Most BP, including the ones represented in the pharmaceutical market of the Russian
Federation (RF), belong to the subgroups “Antineoplastic agents” (LO1), “Immunostimulants”
(L03) and “Immunosuppressants” (L04).

We applied the following criteria of significance of differences:

odds ratio (OR) — OR of events in one group to the other;

confidence interval (CI) — range of fluctuations of true values; the 95% CI means that
95% of measures obtained in studies with the same sample size and structure are within
the calculated interval;

e number needed to harm (NNH) — the number of patients, who should receive
experimental treatment to develop and adverse outcome in one more patient, in

comparison with the control group patients; it is quoted together with the 95% CI;

absolute risk (AbR) — absolute arithmetical difference in the rate of adverse outcomes in
the treatment and control groups;

e p criterion — the chance that the observed reactions are accidental.
It was decided to call them true if this parameters was lower than 1:20 (0.05). We deemed study
results statistically different at p<0.05.
Main differences between biopharmaceuticals and small molecules
First of all, we must note that there a several factors distinguishing BP from SM (low-molecular
drugs, chemical compounds and “typical drugs”). Medicinal proteins demonstrate high
pharmaceutical variability mainly because they are synthesized by living systems (e.g., by cell
cultures); as a result, all products are unique. These are undoubtedly more complex compounds,
as BP proteins contain several chains of amino acids with three-dimensional structure.
Molecular weight is also considerably bigger than of chemical compounds [14, 15].
General adverse phenomena
As for adverse phenomena, we should mention several basic ideas. AR are of course revealed in
the preregistration stage of preclinical and clinical studies, which is why it may appear that
there is enough time to observe the action of BP, at least, not less, but sometimes even more
than to observe SM effects. It is true that the overall average BP and SM observation time does

not significantly differ in these stages: 7.4 years (2.5-11.4 years) and 5.0 years (2.5-10.0 years),



respectively [16]. Type A adverse reactions, characterized by the 1-10% rate of manifestations,
are revealed in this stage [13]. However, there are several factors that do not allow doing this to
the full extent on the preregistration stage exactly in respect of biopharmaceuticals.

Firstly, medicinal proteins are more often indicated for managing severer diseases (oncological
and oncohematological immunodeficiencies), which in their turn may significantly influence
the drug’s safety profile and the patient’s condition, than SM. That is why it is more difficult to
reveal the cause-effect relation [6-8, 17]. It is also important that it is not always possible to
track these phenomena through time, namely, efficacy [effect obtained in “ideal conditions” of
randomized placebo-controlled trials (RCT)]. In the RCT stage in this category of patients,
researchers rarely wait until there are all disease outcomes, both positive and negative [18]. The
way the product will act in the real clinical practice conditions, in a potentially more versatile
population of patients, with other drugs, may only be modeled [19].

Secondly, BP is a foreign protein, which is why there is a risk of an immunological response
developing with the antibody formation (type B AR). It is well known that the risk of
development of type B reactions is 0.1-1%. Thus, they may be diagnosed only with
spontaneous reports, i.e. in the postregistration stage.

Thirdly, AR may result from inner properties of molecules and be built directly into their action
mechanism. Many BP are immunosuppressants and their efficacy directly correlates with the
immunosuppression level, i.e. with the risk of development of opportunistic infections (caused
by opportunistic flora [20]. Thus, the risk of development of type C AR, which are also
characterized by low rate of manifestations, is revealed only with the “case-control” trials in the
postregistration stage.

As medicinal proteins interfere with complex physiological processes on the level of organellae
and the human cell biology is not always clear, there is a theoretical risk of development of the
delayed type D adverse phenomena with low detection rate (less than 0.1%). Diagnostics also
requires “case-control” trials on the postregistration stage.

Thus, the postregistration observation stage — pharmacovigilance — plays a special role in
respect of medicinal proteins [16]. We restate that pharmacovigilance is a science and branch of
practical activity connected with detection, evaluation, interpretation and prevention of adverse
consequences of pharmacotherapy or any other issue related to medical intervention. The main
application of pharmacovigilance is the postregistration level of drug application [21].

It is in this stage that the significant difference of AR of medicinal proteins and SM was
demonstrated (earlier it had only been theoretically assumed) [22, 23]. It was definitely
revealed that the main adverse phenomena are immunological reactions (type B), infections

(type C) and neoplasms (type D) [23].



Tumors (type D adverse reactions)

A meta-analysis of RCT regarding this issue was conducted in 2006. The authors used
databases “EMBASE”, “MEDLINE”, “Cochrane Library”, electronic base of abstracts of
annual scientific conventions of the European League Against Rheumatism and the American
College of Rheumatology [24]. The most complete information in this stage was about 2 anti-
TNF [infliximab (Remicade), adalimumab (Humira)], which were prescribed for 12 and more
weeks to patients with rheumatoid arthritis. After all trials were processed using
inclusion/exclusion criteria, the analysis included 9 trials. As a result, 3,493 patients received
anti-TNF therapy, 1,512 patients — placebo. The authors calculated OR and the 95% CI as
statistical tools. As a result, total OR for the development of malignant tumors was 3.3 (95% CI
— 1.2-9.1). Malignant neoplasms were considerably more often revealed in patients receiving
high doses than in patients receiving low doses of anti-TNF. In the treatment period of 6-12
months, the NNH was 154 (95% CI — 91-500). The data of this and a range of other meta-
analyses made the FDA to complex manufacturers of anti-TNF (such drugs as infliximab,
etanercept, adalimumab, certolizumab pegol, golimumab) to include additional information into
drug package leaflets. The changes concerned the warning of the risk of development of cancer
diseases in children and adolescents taking these drugs to treat juvenile rheumatoid arthritis,
inflammatory intestinal diseases, Crohn’s disease and other inflammatory diseases. Analysis of
oncopathology in children and adolescents, who have been taking anti-TNF, demonstrated the
risk of development of cancer diseases after 30 treatment months (on the average). Ca. a half of
the revealed diseases is lymphomas [25].

According to the data of Canadian researchers, all medicinal proteins for treating
rheumatoid arthritis (adalimumab, anakinra, etanercept, infliximab and rituximab) registered in
Canada had an increased risk of malignant neoplasms, including lymphomas and skin cancer
[26]. However, it is still unclear to what degree does each of the BP increases the risk of
malignant neoplasms. It is also unknown which of the drugs is the “leader”. This requires
further large-scale transnational trials (“case-control” trials or analyses of patients’ records).
Immunological reactions (type B adverse reactions)

It is true that the experts assumed from the very appearance of medicinal proteins that they will
be characterized by unique AR. They assumed, in particular, that composition and molecular
weight of proteins will provoke immunological reactions, i.e. synthesis of antibodies against the
introduced proteins that the macroorganism recognizes as foreign [16]. One of the first large
literary reviews on immunogenicity was published in 2002 [27]. The authors analyzed data
concerning this issue of 12 years (1990-2002). The review demonstrated that all exogenous

proteins, including medicinal proteins, are capable of inducing synthesis of antibodies in a



human body. The rate of antibody formation varied depending on proteins and studies
(depending on methods that the authors used for analysis and the laboratory facilities in whole).
BP immunogenicity depended on many factors, including the patient’s genetic background,
type of the primary disease (managed by the drug), type of protein (human or animal),
medicinal protein’s introduction route and treatment duration. According to these authors’ data,
immunogenicity rate for insulins was ca. 44%, for growth hormones — 16%, for erythropoietins
— 1 per 10,000 patients, for factor VIII — 35%, for recombinant interferons — 2% and for
interleukins — 20% [27].

The authors note that the technology of BP production, processing and storage (potential risk of
contamination, which may alter the three-dimensional protein’s structure by oxidizing or by
forming aggregates) also significantly affected immunogenicity.

Later, these authors were studying clinical manifestations of immunogenicity of medicinal
proteins in more detail [28]. They demonstrated that formation of antibodies to BP led to classic
immune reactions — from loss of efficacy to systemic immune effects, such as allergy,
anaphylaxis or serum sickness with/without adverse outcome. In this aspect, the “breakout” of
pure red cell aplasia (Diamond-Blackfan anemia) — autoimmune hemolytic anemia with
antibodies to bone marrow erythrokaryocytes (antibody-mediated pure red cell aplasia — PRCA)
— in 2002 (AR population peak) among the patients who were taking one particular drug
formula of recombinant human erythropoietin — epoetin alfa (Eprex, Johnson & Johnson) —
attracts attention [29]. Rise in PRCA morbidity concurred with the replacement of human
serum albumin, which the drug had included, to glycine and polysorbate 80. The investigation
showed that molecular structure of epoetin alfa and clinical characteristics of patients were of
no significant role. Introduction route did not matter as well, as most PRCA-patients received
the BP subcutaneously. It was assumed (most probably, correctly) that replacement of albumin
to other substances may have forwarded protein denaturation or aggregate formation.
Moreover, the cork vial lids were replaced by resin lids; this may also have affected PRCA.

The possibility of “reverse” response to target impact (e.g., at IL blockade) by the functional
system of immune homeostasis and macrophage activation syndrome were only slightly taken
into consideration.

Infections (type C adverse reactions)

Infections are another adverse phenomenon,; it is the most often diagnosed phenomenon in the
setting of BP intake (may be classified as type C). Researchers used 2 directions to determine
clear interconnection: postregistration meta-analysis of RCT and analysis of the real clinical

practice observation trials’ data, mainly based on the registers of patients.



Meta-analysis and systemic literary review

Systematic search of literature was conducted in 2005 [24] concerning RCT of 2 anti-TNF
(infliximab and adalimumab), which patients with rheumatoid arthritis had been taking for 12
weeks and more. As a result, total OR of development of opportunistic infections was 2.0 (95%
CI — 1.3-3.1). NNH was 59 (95% CI — 39-125) during the BP treatment period. All adverse
phenomena required anti-infectious therapy.

Another systematic literary review was conducted later [30]. It used databases “PUBMED”,
“EMBASE”, “Cochrane Library” and a database of theses (the American College of
Rheumatology and the European League Against Rheumatism). The analysis included 20 RCT
with 6,879 patients; 745, 1,960, 2,062 and 2,112 patients were receiving rituximab (antibodies
to B lymphocytes), abatacept (blocker of costimulation of T Ilymphocytes), anakinra
(recombinant antagonist of receptor IL 1) and placebo, respectively. In whole, no statistically
significant increase in the risk of development of a serious infection was revealed in the group
of antibodies to B lymphocytes and in the blocker of costimulation of T lymphocytes in
comparison with placebo. At the same time, high doses of recombinant antagonist of receptor
IL 1 were leading to the increase in the risk of infections.

Prospective and retrospective observation trials of real practice

70 confirmed cases of tuberculosis after infliximab treatment, 12 weeks after its beginning on
the average, had been registered by 2001 [31]. More than a half of these patients had
extrapulmonary tuberculosis forms, 17 — generalized forms. Out of the 70 episodes, almost all

patients came from countries low rate of tuberculosis morbidity.

Listeriosis is another complication of anti-TNF treatment [32]. At any rate, according to the
FDA data, 15 infection cases had been registered in the USA by 2001 in the setting of
infliximab and etanercept intake. The average age of the patients was 69.5 years (ranging from
17 to 80 years); 53% of the infected were women. Adverse outcome (death) was registered in 6

patients.
Use of registers of patients

A prospective observation trial was conducted in order to compare the rate of infections in
patients with rheumatic diseases receiving anti-TNF with patients receiving traditional therapy
[33]. According to the national registers of patients with rheumatic diseases in Great Britain,
7,664 patients received anti-TNF, 1,354 — traditional SM therapy. The analysis included all
infection cases, including serious cases. It showed that 525 opportunistic infections were
registered in the group of patients receiving anti-TNF and 56 — in the control group (in

observation man-years — 9,868 and 1,352, respectively) — in 2001-2005. The rate of serious



infections of skin and soft tissues was considerably higher in the anti-TNF group — 4.28 (95%
CI — 1.06-17.17). As a result, the authors concluded that anti-TNF intake does not lead to
considerable increase in the total rate of opportunistic infections. However, the rate of serious

infections of skin and soft tissues increased considerably.

The rate of infections in the setting of intake of medicinal proteins in patients>65 years of age
(average age — 76.5 years) was analyzed in the USA in 2007 on the basis of the “Medicare”
database [34]. The study altogether included 16,000 patients with rheumatic arthritis who
underwent BP therapy in 1995-2003. It has been one of the largest studies, which would use
such a methodological approach. Such parameter as AbR was used for statistical processing.
The average rate of serious bacterial infections was 2.2 per 100 patient-years. The corrected
model, which took into account glucocorticoid therapy, did not show an increase in the rate of
serious bacterial infections among the patients, who received anti-TNF [AbR — 1.0 (95% CI —
0.6-1.7)], not SM (methotrexate).

At approximately the same time a retrospective cohort study of patients with rheumatoid
arthritis, who had been receiving either anti-TNF or methotrexate, was conducted in the USA
on the basis of insurance companies [35]. As a result, bacterial infections were registered in
2,393 patients (observation period — 3,894 human-years), who had been receiving anti-TNF,
and in 2,933 (4,846 human-years), who had been receiving methotrexate. The rate of
hospitalizations with the confirmed bacterial infection within the observation period (17
months) was 2.7% in patients, who had been receiving anti-TNF, in comparison with 2.0% in
patients, who had been receiving only methotrexate. The infectious morbidity was the highest
within the first 6 months after anti-TNF therapy beginning (2.9 and 1.4. cases per 100 human-
years). Thus, the authors concluded that the rate of bacterial infections is ca. 2-4 times higher

among patients receiving anti-TNF than in patients receiving only methotrexate.

Another retrospective study analyzed 100 cases of infectious complications of etanercept and
infliximab treatment of rheumatic diseases [36]. 2 patients were diagnosed with pulmonary
tuberculosis and hepatitis B, 9% - with herpetic infection (zoster). In the end, total infectious
morbidity after anti-TNF treatment was 0.122 or 0.201 per 1 human-year. Herpetic infection is
indeed one of the most frequent infections appearing in the setting of BP intake. Thus, 86 zoster
cases were registered among 5,040 patients in the setting of infliximab, etanercept and
adalimumab treatment in 2001-2006 [37]. Total morbidity rate per 1,000 human-years was 11.1
(95% CI —7.9-15.1) for monoclonal antibodies and 5.6 (95% CI — 3.6-8.3) for SM.

Large-scale studies



Perhaps the first large-scale study of AR of medicinal proteins was conducted in 2010. The data
for 1995-2008 were taken from the international database of adverse phenomena (VigiBase)
supported by the World Health Organization [22]. The analysis did not include information on
vaccines and toxoids. Medicinal proteins were divided into several classes: monoclonal
antibodies, cytokines, enzymes, growth factors and interferons. As a result, the analysis
included 191,004 AR reports. It revealed that 2/3 of all averse phenomena were registered for 5
drugs: etanercept (receptor blocker) — 20.3%, interferon -1a — 15.6%, infliximab (antibodies) —
11.6%, teriparatide (receptor blocker) — 10.7% and adalimumab (antibodies) — 9.0%.
Comparison of the safety profile of biopharmaceuticals with the SM (hormones) control group
showed that AR of medicinal proteins were most often interpreted as “infections” (8.7%) and
“benign, malignant or unspecified neoplasms” (2.3%), rarely — as “mental disorders” and

“vascular disorders” (pic. 1). Thus, type C and type D AR were the most frequent.
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Pic. 1. Rate of adverse reactions within the group of biopharmaceuticals (%).

One of the latest studies dedicated to the issue of safety of medicinal proteins in comparison
with SM was conducted by H. Ebbers et al. in 2013 [38]. The authors analyzed the AR revealed
in the postregistration life cycle stage of the drugs of the same ATC classification group
“Antineoplastic and immunomodulating agents” (‘L’), which were approved in the European
Union in 1995-2011. Total rate of adverse reactions in medicinal proteins and chemical

substances was not significantly different — 361 and 386 episodes, respectively. The structure



was different; it was best manifested in the subgroup of immunosuppressants (pic. 2). Out of all
AR (747 cases), BP were significantly more often characterized by neoplasms (20 and 2%,
p<0.01) and severe infections (22 to 9%, p<0.01). 58% out of 38 infectious episodes were
registered in the setting of anti-TNF intake. The immune system disorders in the subgroup of
antineoplastic agents were more often associated with BP than with SM as well — 6 to 1%,
respectively (p=0.04). 4 infections out of 7 were connected with rituximab. Moreover, 85% out

of 35 AR, classified as neoplasms, were associated with anti-TNF.
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Pic. 2. Rate and structure of the most frequent adverse reactions (n=747) (%) [38].

The spread according to the AR localization was as follows: adverse reactions in kidneys and
urinary tracts (7 to 0%, p<0.01), blood and lymphatic system (10 to 3%, p=0.04) and vascular
disorders (7 to 1%, p=0.02) were revealed more often with chemical substances than with

medicinal proteins [38].

In conclusion it should be noted that in the beginning of 2000s it was assumed that the AR
detection time for proteins may differ from the detection time for SM [23, 39]. It was not
confirmed in later years. The conducted analysis showed that there is no statistically significant
difference in the realization time of an adverse phenomenon (the first episode): for BP — 18

months, for SM — 17 months [38].

DISCUSSION
Medicinal proteins are a crucial element of treating various severe and even life-threatening

diseases [40]. The modern leaders are monoclonal antibodies. At the same time, a wide range of



indications to their use is suspicious. They may take the same historical route as interferons
(alfa, beta and gamma). We remember that scientists were setting great expectations on
interferons from the moment they had been introduced in clinical practice — from managing
(preventing and treating) infections to treating oncological diseases. As is well known, it has
never come true to the expected extent, and now the international acknowledged indications to
their use are extremely narrow: for interferons alfa — a range of oncological and
oncohematological diseases, out of viral infections — only viral hepatites; for interferons beta —
disseminated sclerosis; interferon gamma is not used in clinical practice. However, Russian
scientific thought “got stuck in the 70s” in terms of this aspect and still features multiple
indications.

In comparison with the traditional chemically synthesized SM, biological pharmaceuticals have
special characteristics affecting their safety profile. E.g. BP are more complex molecules with
special production and limited predictability of clinical outcomes [16, 41, 42]. These and other
peculiarities may lead to the increase in uncertainty in terms of safety profile of biological
pharmaceuticals at the moment of registrations; this has been confirmed by a range of studies.
We restricted our study to the most interesting BP group — monoclonal antibodies and their
variations. The best studied AR associated with these proteins are their immunological
reactions and infections. This mainly concerns the use of anti-TNF in rheumatologic patients.
Infections in the group of patients with oncohematological disease have been poorly studied.
Such AR as potential carcinogenicity have been studied insufficiently, just as the group of
patients receiving BP to treat oncological diseases. This is most probably caused by the fact that
it is extremely difficult to track and diagnose carcinogenicity from the causal-effect point of
view.

A clear tendency is observed: the AR rate is significantly lower in the meta-analysis of RCT
than in the real clinical practice observation trials. At any rate, is very vivid in the analysis of
such phenomenon as infection.

Given the specific AR profile of medicinal proteins, several experts suggest rather radical
measures — to change the classic classification of adverse phenomena. It has historically been
established that AR are classified into 4 types — A, B, C and D. This classification has a range
of restrictions and is criticized more and more [13]. The conducted studies showed that the most
frequent adverse phenomena were of type B (immunoallergic reactions) and type C (infections).
Type D (carcinogenic effects) takes the 2" place. Types C and D may probably remain the
most frequent for medicinal proteins in the future. Many authors suggest new BP classifications
based on immunological reactions [43-45]. Thus, they suggest differentiating between 5

different types [46, 47]:



¢ clinical reactions caused by the high level of cytokines (type alfa);

e hypersensitivity due to immune reaction to biological agents (type beta);

e immune and cytokine imbalance syndrome (type gamma);

e cross-reactivity syndrome (type delta);

e symptoms affecting immune system indirectly (type epsilon).
The second strategic approach is the change of traditional registration and safety monitoring
measures for medicinal proteins. It is especially vivid in new directives of the European Union,

which significantly extend the pharmacovigilance responsibility area [48].

Foundation of a new scientific committee within the EMEA — pharmacovigilance risk
assessment committee — is a fundamental change. It is responsible for a big number of
functions, but the ability to approve or reject protocols of postregistration safety studies,
determination of periodical safety reporting frequency for product marketing authorization
holders, development and publication of a list of medical products requiring additional
monitoring attract special attention [49, 50]. The directive introduces a fundamentally new
notion — pharmacovigilance system’s base file, i.e. detailed description of the
pharmacovigilance system in respect of the product. The file may be available upon request at
any time. Gathering of spontaneous reports is facilitated by the registration of all reports in the
common database of the European Union — “Eudravigilance”. It is also necessary to make a list
of drugs subject to the additional postregistration monitoring. All new substances and biological
products, including biological analogs, will belong to such products. Another novelty is the fact
that the information list of such products will contain a black square, their list will be constantly

updated and available on the Internet.

Most experts assign a special role to the so called risk management [4, 45]. Risk management is
defined as the combination of activity and measures in the area of pharmacovigilance aimed at
detection, prevention and reduction of risks connected with drugs. It is based on the risk
management plan, which includes the description of potential risks, pharmacovigilance stages
and evaluation of the need in additional measures to reduce risks. E.g. ca. 4 of BP package
leaflets (41 out of 174) registered in the countries of the European Union and the USA were
altered in the middle of 2000s in the post-approval period. Risk reduction measures included 46
warning letters, 10 warnings highlighted by black frame and 17 direct meetings with

professionals [4].

This work did not aim at analyzing situation with biological analogues (biosimilars). However,

we must mention that the system of monitoring AR of biological analogues cannot be applied



on the basis of the requirements imposed on the patented drugs. Although a biological analog
and a comparator may have similar efficacy, analogs may have various adverse reactions in
terms of their nature, seriousness and frequency [51, 52]. Biological analog’s pharmacosafety
must be thoroughly controlled on the regular basis in the postregistration period, using the risk
management techniques as well. Risk management plan for bioanalogs should focus on the
reinforcement of pharmacovigilance measures. According to many experts, all medicinal

proteins should only have a trade name, a brand name and an indication of manufacturer [51].

CONCLUSIONS AND RECOMMENDATIONS

Medicinal proteins indisputably require an optimized pharmacovigilance system with AR
planning or management (risk management). The new directive of the European Union
introduced in July 2012 inspires a particular hope. If it is actually introduced and starts
working, this will signify a considerable progress in the BP safety. Unfortunately, the drug
safety monitoring system in the RF remains an outsider of international processes.

Perhaps, a new classification of adverse phenomena must be developed to interpret AR of
biological pharmaceuticals, which will be based on the macroorganism’s immunological
response mechanisms. It is extremely important to improve prognostication of delayed
reactions, especially of carcinogenicity. Such areas of pharmacology as pharmacometrics may
help to do this.

An increase in the number of Russian biological analogs in the RF practical health care causes
particular suspicion. In the setting of clear doctoral understanding that bioanalog is not a
generic of a chemical substance, but often an absolutely new biological pharmaceutical, the RF
encounters with a unique problem. Given an extremely weak RF pharmacovigilance system, we
obtain information on the adverse reactions of drugs from the data of our foreign colleagues, as
the original drugs are used in other countries as well. We must admit that we know almost
nothing about the situation in the RF. Introducing Russian bioanalogs, we encounter with
“Pandora’s box” given that they are not used anywhere else in the world. It is impossible to
predict what will happen to patients, what AR will develop; it is also impossible yet to monitor
them in the RF. The situation will probably improve and people responsible for the health care
system will finally draw their attention to the pharmacosafety system. We would like that to be
a relevant ministry; not departments responsible for the construction of factories, support of
pharmaceutical clusters or departments influencing public purchases. It appears that their
functional responsibilities do not involve provision of the RF citizens with efficient and safe
drugs in the belief that this will increase life expectancy (and improve life quality) of the

citizens.



Study restriction

We initially excluded data on vaccines, serums, immunoglobulins and toxoids from this review.
We deem extremely interesting an analysis of AR of insulins, especially in the setting of the
modern Russian tendency of replacing original drugs with biological analogs. The analysis
involved only few data on interferons and interleukins; this seems to be the weakest part of the
work. The main reason for this is that we used international databases, starting usually with the
1990s, whereas data on AR of interferons had already been published by that time. It is likely to

be our next work.
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