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Abstract

This study evaluated the effects of the immunobiological preparation “Interferon inducer bacterial liquid” (IIBI) combined
with chemoradiotherapy (CRT) in patients with refractory Hodgkin’s lymphoma (HL) are presented. The clinical application of
IIBI increases the efficacy of treatment. IIBI in combination with CRT induces the production of highly active endogenous IFN-
a/B, provides a marked regression of the affected lymph nodes in a short period (within 7 to 10 days) of treatment, relieves B
symptoms, and increases by 2 times the length of remission in patients with refractory HL. (Int J Biomed. 2015; 5(4):214-218.)
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Introduction

Hodgkin’s lymphoma (HL) is a heterogeneous
malignancy with a complex etiology and epidemiology.
Therapy for classical HL has considerably improved during
the last two decades [1]. With current therapeutic approaches
consisting of polychemo- and small-field radiotherapy, up
to 80 % of all patients can be cured long term. In refractory
or relapsed HL, intensified treatment including high-
dose chemotherapy (HDCT) and autologous stem cell
transplantation (ASCT) is associated with progression-free
survival (PFS) of 50 %. [2]. The long-term toxicity of current
regimens, however, is still strikingly high, providing a need
for alternative strategies. Evaluating novel drugs in multiple
relapsed or refractory cases and reducing treatment-related
side effects are the focus of modern research.

The blockade of immunological checkpoints has been
successfully employed for the treatment of various solid
neoplasms [3]. A recent study indicates that the vast majority
of patients with advanced, heavily pretreated HL also respond
to a monoclonal antibody targeting programmed cell death 1
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(PD-1)[4]. Thus, checkpoint blockers may soon become part of
our therapeutic armamentarium against hematological tumors.
This would be particularly important as it would spare (at least
some) patients the deleterious toxic effects of combinatorial
chemotherapies and bone marrow transplantation.

Immunotherapy of Hodgkin’s lymphoma, however,
has to take into account that the malignant CD30"Hodgkin/
Reed-Sternberg cells (H/RS) persist in small numbers in
the lymphoma lesion and are accompanied by massive
infiltrations with benign cells [5-9]. H/RS cells secrete a
variety of cytokines and chemokines favoring a T helper-2
(Th2) immune response which likely contributes to disease
progression through restraining cellular reactivity [6], [10-12].

Type I interferons (endogenously produced IFN-0/p) are
important components of the cancer immunoediting process
[13]. The fact that IFNs can bring about long-term remissions
in certain malignancies is well established [14-19].

Type I IFN 1is represented by several partially
homologous genes of IFN-a and a single gene of IFN-f and
those genes can be expressed by almost any type of cell in
response to stimulation of an array of receptors by pathogens
[20]. Regarding that, type I IFN are more than just anti-viral as
they play a major role in linking innate to adaptive immunity
[21-23]. IFN-a is a type of interferon that may be effectively
used to treat lymphoma [24,25]. Yet experts remain uncertain
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about the benefits of interferon, and there are questions about
its suitability in combination with chemotherapy. N. Batty et
al. [25] performed a phase I trial to determine the safety and
effectiveness of IFN-o and standard doxorubicin, bleomycin,
vinblastine and dacarbazine (ABVD) chemotherapy (IABVD)
in patients with newly diagnosed advanced stage classic
Hodgkin lymphoma (HL). Treatment consisted of six cycles
of ABVD with concurrent IFN-a followed by radiation
therapy if indicated. The 3-year event-free survival rate was
71% (95% confidence interval [CI], 56-90%), and the 3-year
overall survival rate was 96% (95% CI, 89-100%). Continued
research is needed to improve the long-term survival of HL
patients and to lessen the toxicities associated with therapy. It
should be noted that many preparations of synthetic interferon
applied in the clinic are quite expensive and not without
side effects. An alternative and more harmless method is
interferonization with the induction of endogenous interferon.
Classically, exposure of cells to type I IFN induces an antiviral
state that prevents productive viral infection. This premise
was postulated by Isaacs and Lindenmann about 60 years
ago when they demonstrated the cell ability to resist a virus
infection. This phenomenon was then attributed to type I IFN
cytokine considered the factor responsible to interfere in the
viral infection [26].

Besides viruses, an increased number of pathogens,
such as bacteria, protozoa, and fungi, have been reported to be
inducers of type [ IFN [21,27-29]. Type I IFN related to prevent
bacterial infection was first demonstrated for pathogens from
Chlamydia genus [30]. The limitation of bacterial infection
by type I IFN induction was also observed in the case of
C. pneumoniae and Legionella pneumophila [31,32]. The
augmentation of pro-apoptotic stimulus in macrophages
and lymphocytes was described in infection with Listeria,
Mycobacteria, and Chlamydia spp [33-35].

In 2005, the first observation that Brucella induces type
I IFN was made by L. Huang et al. [36] when IFN-a was
detected in serum of wild type mice injected with HKBa and
the level was markedly reduced in the TLR9” mice serum,
demonstrating that HKBa induces IFN-a in a TLR9-dependent
manner. Additionally, it has shown that B. abortus is able to
induce IFN-$ in DCs [37].

In 2012, the new bacterial INF inducer IIBI was
developed in the Laboratory of Virology at the Scientific Center
for Hygiene and Epidemiology (Kazakhstan) and included
in the State Register of medicinal products to treat cancer
patients. IIBI contains a unique bacterial substance (Brucella
melitensis) and induces the production of endogenous INF-o/p
[38]. Studies to assess the antitumor properties of IIBI were
performed in the Kazakh Research Institute of Oncology and
Radiology during 2012-2014.

The purpose of this study was to explore the
interferonogenic, anti-inflammatory, and detoxifying properties
of IIBI on the background of CRT in patients with refractory
HL.

Materials and methods

The study included 138 patients with refractory HL

(from 30 to 55 years). The disease duration ranged from 1 to
11 years. The diagnosis of HL was confirmed histologically
via an endoscopic biopsy of the mediastinal or abdominal
lymph nodes. Patients had Ann Arbor stage II (54.3%), III
(41.3%) or IV (4.3%) disease. B symptoms were observed in
77.5% of patients.

Histological sub-classification was performed in
line with WHO classification [39]: nodular lymphocyte
predominant HL (NLPHL) and classic HL (nodular sclerosis
HL, lymphocyte rich classic HL, mixed cellularity HL, and
lymphocyte depleted HL).

Immunohistochemistry (IHC) was performed using an
antibody panel for Reed-Sternberg cells (RSCs). Sections
were analyzed by a semi-quantitative method, which differed
depending on the antibody used. Antibodies against CD15,
CD30, CD3, CD20, CD45, EMA and EBV LMP-1 were used
for paraffin section IHC. Of the panel of antibodies, CD30
was the most useful in identifying RSCs in classical HL. IHC
was also used for differential diagnosis between non-HL and
NLPHL [40].

According to the therapy regimen, patients were divided
into 2 groups. Study group patients (Group 1, n=70), after 6
months of their last CRT course (6 cycles of ABVD/MOPP
and radiation therapy), were assigned to intramuscularly IIBI
(10MM IU/ml) injections every other day (first 3 injections),
and after that one injection per week for 4 weeks. Immediate
and 2-year outcomes of treatment were identified. In the
control group (Group 2, n=68), IIBI was not administered
according to protocol.

After each IIBI injection, we determined serum IFN-o/
activity. Serum IFN-o/pB was defined by the micromethod in
plastic 96-well microtiter trays with a monolayer of RD cells,
according to A. Novokhatskii et al. [41]. Determination of T-
and B-lymphocytes was performed by an E-rosette test and
EAC-rosette test, respectively. Side effects of IIBI therapy
were analyzed.

The study was conducted in line with the requirements
of the World Medical Association Declaration of Helsinki
“Ethical Principles for Medical Research Involving Human
Subjects” (2008). It was approved by the Kazakh Research
Institute of Oncology and Radiology Ethics Committee.
Written informed consent was obtained from all participants.

Statistical analysis was performed using StatSoft
Statistica v6.0 Baseline characteristics were summarized as
frequencies and percentages for categorical variables and
as mean+SEM for continuous variables. Student’s unpaired
and paired t-tests were used to compare two groups for data
with normal distribution. Group comparisons with respect to
categorical variables are performed using chi-square tests or,
alternatively, Fisher’s exact test when expected cell counts
were less than 5. A probability value of P<(.05 was considered
statistically significant.

Results

As can be seen from Table 1, both groups were
comparable in terms of Ann Arbor stage, histological type of
HL, and B symptoms (fever, night sweats, and weight loss).
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Table 1.
Clinical characteristics of HL patients
HL characteristics Group 1 Group 2
(CRT+IIBI) (CRT)
n=70 n=68
Ann Arbor stage:
I 39 (55.7) 36 (52.9)
11 28 (40.0) 29(42.6)
v 3(43) 3(4.4)
Histological classification:
lymphocyte rich classic HL 13 (18.6) 16 (23.5)
nodular sclerosis HL 18 (25.7) 18 (26.5)
mixed cellularity HL 20 (28.6) 20 (29.4)
lymphocyte depleted HL 19 (27.1) 14 (20.6)
Stage A 16 (22,9) 15 (22,1)
Stage B 54 (77,1) 53(77,9)

In both groups, most patients (81.9%) received
radiotherapy according to the radical program. The total
focal dose on the struck zones was 38-42Gr, on the
subclinical zones it was 30-36Gr. Ten and more ABVD
(doxorubicin, bleomycin, vinblastine, dacarbazine) or MOPP
(mechlorethamine, vincristine, procarbazine, prednisone)
regimens were ineffective. In addition to chemoradiotherapy,
patients received antitoxic therapy: the antiemetic preparation
ondem (12 mg/day), prednisone (10 mg/day), and a weekly
infusion of physiological saline during the CRT course. Tumor
regression was observed only in 20%-30% of cases. Relapses
of the disease occurred after 4-5 months following CRT.

In Group 1, IIBI therapy was well tolerated with no
patients requiring IIBI dose reduction or discontinuation
because of side effects. The serum IFN-0/f activity increased
after the first IIBI administration compared to the initial
background values (<2IU/ml) (Table 2). With increasing
frequency of IIBI administration (from first to third injection),
the serum IFN-a/p activity increased up to the highest level
(more than double) after the third injection (152+25.8 IU/ml).
INF activity induced after 5 to 7 IIBI injections remained on
the therapeutic level (within 60 IU/ml).

Table 2.

The serum IFN-o/p activity after the IIBI administrations

Number of |Quantity of] Activity of serum IFN-o/
IIBI injections | patients (IU/ml)
Before 1IBI After six hours of
administration | IIBI administration
1 10 <2 52.0+8.6
2 9 48.4+6.4 84.0+14.0
3 10 67.2+12.0 152.0+25.8
4 8 62.0+6.6 68.4+8.2
5 8 50.2+6.8 59.8+7.4
6 8 54.6+6.2 64.8+6.8
7 8 51.2+54 62.2+8.4

After treatment, B symptoms disappeared, affected nodes
decreased in size, and laboratory parameters were normalized
in 22.5% of the patients. Clinical improvement was associated

with an increase in serum IFN-o/f activity. In the remaining
77.5% of patients with severe symptoms of intoxication, IIBI
administration had no significant therapeutic action. In these
patients, the serum IFN-a/B activity remained low (39 + 9.34
IU / mL) during treatment.

Hematologic parameters were improved during the
first week of therapy. In particular, we noted an increase in
the number of lymphocytes (3.3 + 0.17 vs. 4.5+ 0.26x10%/1,
P<0.05) and a decrease in ESR level (29+ 2.3 versus 13£1.9
mm/h, P<0.05).

The levels of T- and B-lymphocytes in peripheral blood
were evaluated in Group 1 patients (n=57) after 4 injections
and the full course of IIBI therapy, in Group 2 patients (n=37),
and in healthy donors (n=10) (Table 3). IIBI application had
a positive influence on the quantitative content of T- and
B-lymphocytes and reduced the side effects of CRT.

Table 3.

The levels of T- and B- lymphocytes in peripheral blood of HL
patients during treatment

Group of patients Quantity TLC BLC
of patients % %
Group 2
Before treatment 37 21+ 3.8 14£2.3
After treatment 35 25442 22437
Group 1
Before IIBI administration 57 18+3.0 12+2.0
After the 4th IIBI injection 56 38 +6.0% | 28 + 6.0%*
After full course of IIBI therapy 54 46£7.7* | 37+6.2%
Healthy donors 10 55+£34 | 22+£2.7

TLC-- T-lymphocytes; BLC-- B-lymphocytes, *- P<0.05 compared
to data before IIBI administration

When evaluating the antitumor activity of IIBI in
combination with CRT, we noted that the efficacy of this
treatment was inversely related to the initial tumor size. The
majority of patients (62.9%) had lymph nodes (LNs) up to 5cm
in diameter. The highest percentage of complete regression of
tumors was observed in lymph nodes with a small size (<5cm)
(Table 4). The most significant decrease in the size of lymph
nodes was observed after the 3 injections of IIBI (within 7-10
days of treatment). The rate of lymph node regression during
the subsequent IIBI injections was less pronounced.

Table 4.

Regression of lymph nodes in HL patients during treatment
(CRT+IIBI)

Average size[Before treatment| After treatment
of LN (number of (number of P, y2
LNs) LNs)
<2 cm 19 4 x2=11.706; P<0.001
>5cm 33 17 x2=7.964, P<0.005
>10 cm 7 4 ¥2=0.888, P>0.05

In conclusion, the clinical application of IIBI increases
the efficacy of treatment. IIBI in combination with CRT
induces the production of highly active endogenous IFN-a/j3,
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provides a marked regression of the affected lymph nodes in
a short period (within 7 to 10 days) of treatment, relieves B
symptoms, and increases by 2 times the length of remission in
patients with refractory HL.
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