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Choice of immune polychemotherapy regimen  
in B-cell non-Hodgkin lymphoma of high  

and low malignancy based on the identification  
of the mutational c-myc and BCL2 genes

Relevance: Studying gene expression profiles to identify molecular subgroups of B-cell non-Hodgkin lymphomas (B-NHL) 
is a topical issue of cancer hematology. It allows a personalized approach to the treatment of B-NHL using high-dose polyche-
motherapy (PCT) with a monoclonal antibody. Such an approach improves the immediate treatment efficacy and event-free 
survival of patients. In this sense, it is important to determine the expression of c-myc and BCL2 genes in tumors as their pres-
ence controls chemotherapy resistance. In this study, the gene expression profiling served to identify molecular subgroups in 
patients with B-NHL to administer personalized treatment.

The study aimed to analyse the frequency and role of c-myc and BCL2 proteins expression in patients with B-NHL and com-
pare the obtained molecular genetic and immunohistochemical test results to the clinical data.

Results: The use of high-dose PCT in the R+HyperCVAD regimen (6 courses) followed by hemopoietic stem cell autotrans-
plantation in 7 (15,9%) out of 44 patients with co-expression of the c-myc mutational gene and BCL2 and with high Ki 67 values 
has improved the immediate efficacy of treatment; the complete response amounted to 80%; the event-free survival was 22 
months. The patients with no mutational gene but with high BCL2 and Ki 67 values received 6 courses of PCT in the R-CHOEP 
regimen, what resulted in the complete response in 70.0±6.6% of cases and partial response in 30.0±4.0% of cases. No disease 
progression was registered.

Conclusions: The study of molecular genetic features of 44 patients with B-NHL has revealed the expression c-myc muta-
tional gene and BCL2 in 7 out of 44 patients. These cases were characterized by an aggressive course and a “poor” response to 
therapy what predetermined the use of high-dose PCT with autologous stem cell transplantation.

Keywords: B-cell lymphoma, c-myc mutational gene, BCL2 high-dose polychemotherapy with hemopoietic stem cell au-
totransplantation.

Introduction.
Non-Hodgkin B-cell lymphomas are stratified based on 

clinical and laboratory parameters according to the Interna-
tional Prognostic Index (IPI) criteria into low, intermediary, 
and high-risk groups. This stratification correlates with over-
all survival and event-free survival indexes [1]. Among onco-
genic events, c-myc gene recombination is revealed in 5-14% 
cases of diffuse large B-cell lymphoma (DLBCL) and is associ-
ated with an aggressive course and poor prognosis [2].

In 20-30% of DLBCL cases, the chromosomal translo-
cation t(14;18)(q32;q21) is combined with the bcl-2 onco-
gene hyperactivation and an increased accumulation of its 
product, the bcl-2 protein, which is essential in the sup-
pression of apoptosis. Less common is the chromosomal 
translocation t(8;14)(q24;q32) associated with the overex-
pression of the c-myc oncogene which encodes the pro-
tein that regulates proliferation, differentiation, and apop-
tosis. This anomaly is more typical for Burkitt’s lymphoma 
but is also detected in 5-15% of DLBCL. 

BCL2 recombination is found in 17% of B-NHL, BCL 6 re-
combination – in 20-24% of B-NHL [3]. GCB-DLBCL demon-
strates increased expression of bcl-2 and, often, c-myc. 
ABC-DLBCL is accompanied by a translocation involving the 
bcl-6 gene and p53 inactivation, in some cases. The patients 

with GCB-type lymphoma have a better average response 
to standard chemotherapy and a better prognosis [4].

The identification and development of various biolog-
ical markers can give a better view on molecular-biologi-
cal features of NHL and create opportunities for a person-
alized treatment considering characteristics of a particular 
patient’s tumor. Therefore, the main purpose was to study 
the efficacy of B-cell lymphoma molecular genetic profil-
ing to improve and introduce innovative approaches in di-
agnostics and prognosis [5, 6].

The study aimed to analyze the frequency and role 
of c-myc and BCL2 proteins expression in patients with 
B-NHL and compare the obtained molecular genetic and 
immunohistochemical test results to the clinical data.

Materials and Methods.
Forty-four patients with histologically and IHC verified 

B-NHL were FIST-tested and received immune polychemother-
apy followed by hemopoietic stem cell autotransplantation.

Inclusion criteria: primary patients above 18 years with a 
histologically and IHC (BCL2) verified B-cell lymphoma, pro-
liferative activity (Ki 67) and tumor staging. ECOG perfor-
mance status – 0 or 1. Other inclusion criteria: ANC ≥1,000/ μl,  
PLT CNT ≥50,000 / μl, serum creatinine and urea levels 
≤1.5x ULN, ALT, and AST ≤2.5x ULN.
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1. All patients underwent breast CT, abdomen MRI and 
ultrasonography, and PET-CT to register the tumor re-
sponse.

2. All patients with B-cell lymphomas underwent mo-
lecular genetic testing to reveal the c-myc (8;14) and BCL2 
genetic mutation for the choice of personalized treatment.

3. The patients were divided into high and low-risk 
groups. The chemotherapy regimen was chosen, taking 
into account the results of cytogenetic studies.

4. The patients with highly malignant B-NHL with 
co-expression of c-myc gene and BCL2 received 6 cours-
es of high-dose PCT in R+HyperCVAD regimen including 
immune therapy (Rituximab 375 mg/m2 on Day 1, CF 300 
mg/m2, twice a day on Days 2-4, Mesna 600 mg/m2 on 
Days 2-4, an intravenous 72 hourly infusion of  Doxoru-
bicin 16.7 mgm2 on Days 5-7, Vincristine 1.4 mg/m2 on 
Days 5 and 12, and Dexamethasone 40 mg I.V. on Days 
2-5 and 12-15) followed by haemopoietic stem cell auto-
transplantation.

5. The patients with low malignant B-NHL with 
no c-myc mutation but with high BCL2 and Ki 67 val-
ues received PCT in the routine R+CHOP regimen and 
R+CHOЕP regimen with a monoclonal antibody (Ritux-
imab 375 mg m/2 on Day 0, Cyclophosphamide 675 mg/
m2 on Day 1, Doxorubicin 40 mg/m2 on Day 1, Vincris-
tine 1, 4 mg I.V. on Day 1, prednisone 40 mg/m2 I.V. on 
Days 1-5, Etoposide 100 mg m/2 on Days 1-3 I.V.) the 
patients with low BCL2 and Ki 67 values received PCT in 
the R+CHOP regimen.

6. The efficacy of treatment was assessed by the im-
provement of clinical laboratory and instrumental tests 
(CBC, LDH, ALP, X-ray, ultrasound, CT, MRI, and PET-CT).

FISH test. Fluorescence in situ hybridization (FISH) 
is based on the use of fluorescent DNA probes. These 
probes are artificially synthesized DNA fragments (oligo-
nucleotides) with the sequence that is complementary to 
the DNA sequence of the aberrant chromosomes under 
study. We utilized the probe Vysis myc Break-Apart FISH 
Probe Kit by Abbott, namely, Vysis DNA probes RUNX1/
RUNX1T1DF: 2G 2O. Vysis DNA probes IGH /MYC/ CEP 8 
2G2O2A. 

After denaturation, the DNA molecule acquires the 
form of a single-stranded yarn. The DNA probe hybrid-
izes (binds) to its complementary nucleotide sequence 
and can be detected using a fluorescence microscope 
with a double filter (Green/Orange). At least 50 nuclei in 
four different tumor zones are required for evaluation 
purposes. The presence of a “Fusion” signal in chromo-
some 8 in the green-orange spectrum is considered a 
positive result which is expressed as a percentage. The 
detection of c-myc rearrangement during B-cell lym-
phoma diagnostics worsens the prognosis and requires 
an aggressive approach to the first line of treatment. In 
the absence of aberrant chromosomes, unbound DNA 
probes are “washed off” during the reaction. On a flu-

orescent microscope, this is defined as the absence of 
a fluorescent signal (a negative FISH test result). This 
method allows evaluating not only the presence of a 
fluorescent signal but also its intensity and localization. 
Thus, the FISH test provides also a quantitative result. 
The samples were analyzed under a fluorescent micro-
scope using appropriate cubic filters. At least 50 cells 
were counted in each sample.

The primary evaluation points included: the primary tu-
mor size and localization as per the X-Ray examination, ab-
dominal and chest CT, MRI, and ultrasonography of pe-
ripheral and retroperitoneal lymph nodes, CBC, blood 
biochemistry (LDH, ALP), tumor substrate IHC, myelogram, 
cytogenetic data, immunologic examination, and ECOG 
performance status.

The secondary evaluation endpoints included: tumor re-
gression rate (complete, partial regression) based on the 
tumor size reduction data,  the relief of intoxication symp-
toms, the improvement of X-ray, CT, MRI, PET-CT, ultra-
sound, CBC and biochemical test results (LDH, ALP), the 
myelogram data after 4-6 courses of PCT, as well as the 
ECOG performance status and event-free survival of the 
patients.

Results and Discussion: 
1. The efficacy of B-NHL treatment based on the 

study of the mutational gene c-myc 
We have analyzed the treatment outcome of 44 pa-

tients with B-cell lymphomas stages II-IV A & B treated 
at the Center for Hematological Malignancies and Bone 
Marrow Transplantation of Kazakh Institute of Oncolo-
gy and Radiology (KazIOR, Almaty, Kazakhstan). Of these, 
three patients had Burkitt’s lymphoma stage IVB, and 41 
had DLBCL, including four patients with primary brain 
damage.

The patients (18 men and 26 women) were aged 27 to 
58 years, with an average age of 42 years. B-cell lymphoma 
was confirmed in all cases; all patients had CD20 antigen 
expression confirmed by IHC test. Five patients had high 
Ki 67 values ranging 70 to 98% (average 83.0 ± 4.6%), i.e., 
their tumors tended to be aggressive.

The FISH test revealed a co-expression of the mutated 
c-myc gene and BCL2 in 7 out of 44 patients with B-NHL 
(Figure 1). Therefore, their tumors were classified as high-
ly malignant and required high-dose PCT with a mono-
clonal antibody Rituximab followed by stem cell auto-
transplantation. The threshold levels of c-myc (40.0%) 
and BCL2 (70.0%) in those patients indicated adverse 
treatment outcomes.

35 out of 44 patients had no mutational gene c-myc; 
therefore, their tumors were classified as low malignant.

High Ki 67 values in tumors with co-expression of the 
mutational gene varied from 80 to 100%, medium values –  
60 to 76%, and low values – 35 to 57%; BCL2 values var-
ied from 50 to 66%, 37 to 46%, and 25 to 32%, respective-
ly (Table 1).
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Table 1 – Co-expression of Ki 67 and BCL2 genes in patients 
with B-cell NHL

Threshold 
levels

Level of 
expression

Ki 67, in % BCL2, in %

High  80.0 – 100.0 50.0 - 60.0 

Medium  60.0 – 76.0 37.0 -  46.0 

Low  35.0 – 57.0 25.0 – 32.0 

S. Hu et al. reported 3-year total survival of 43 and 86% 
and the event-free survival of 39 and 75% in the patients 
[7] with the co-expression of the mentioned genes after 
treatment in the R-CHOP regimen.  

Seven out of 44 patients, including three patients with 
primary brain damage and three patients with Burkitt’s 
lymphoma, have received 6 courses of high-dose PCT in 
the R+HyperCVAD regimen. Afterward, five patients un-
derwent stem cell autotransplantation of 4-4.8 million 
stem cells. 

By the end of the 6th PCT course, three patients with 
Burkitt’s lymphoma showed partial regression of the tu-
mor process (over 80%), significant regression of the con-
glomerate of peripheral lymph nodes (by 75-80%) and 
the relief of intoxication and pain symptoms. One patient 
with Burkitt’s lymphoma stage IVB had manifestations of 
all intrathoracic lymph nodes on CT followed by a partial 

regression of the tumor after 6 PCT courses in the R+Hy-
perCVAD regimen and hemopoietic stem cell autotrans-
plantation.

1 2 3 4

Figure 2 – Multi-layer spiral CT before treatment. Patient M., 56 y.o.

1 2 3 4

Figure 3 – Multi-layer spiral CT after treatment. Patient M., 56 y.o.

Figure 1 – c-myc gene amplification on the FIST image of 
histological sections of the patient M, 56 years.  Probe Vysis 

MYC Dual Color

All patients with Burkitt’s lymphoma had marrow bone 
damage. Three patients with primary B-NHL of the brain 
had the 70% regression of the primary focus compared 
with its original size, and the 80% regression of the periph-
eral lymph nodes. The marrow bone was intact.
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The lab tests have shown the relief of intoxication and 
anemia symptoms, and ESR reduction up to 18mm/h in all 
cases. Before treatment, the protein-forming and detoxifi-
cation functions of the liver were significantly depressed 
in patients with DLBCL in both arms. The patients also suf-
fered from hypoproteinemia; after treatment, the protein 
content has equally increased in both arms by an aver-
age of 10 g/L. AST, ALT, total bilirubin and creatinine lev-
els were quite high before treatment and decreased af-
ter treatment by an average of 3 times compared with the 
control arm, while LDH and alkaline phosphatase have de-
creased by 2-3 times vs. the baseline (p = 0.05) (Table 2). 
Blood chemistry tests have shown positive dynamics after 
treatment. Thus, total bilirubin was 13.1 μmol/L; total pro-
tein – 65 g/L; creatinine – 80 mmol/L; LDH –131mmol/L; 
ALP – 85mmol/L; ALT and AST levels were within the per-
missible limits. Repeated myelogram registered no bone 
marrow damage after three courses of PCT.

The side effects of PCT, which included deep cytope-
nia, febrile neutropenia, and the emetic syndrome, were 
stopped after a symptomatic therapy. The post-treat-
ment activity of the patients on the ECOG-WHO scale was 
1 point. In all cases, the event-free survival exceeded 18 
months.

Table 1 – Blood chemistry in patients after PCT (R+Hyper-
CVAD)

Indicators Before  
treatment

After 3 courses 
of PCT

Total protein, g/L 56.5+3.4 65.0+4.6

ALT, U/L 7.8+0.8 1.76+0.08

AST, U/L 6.6+0.05 1.9+0.03

LDH, U/L 356+4.3 131+12.9

Alkaline phosphatase, U/L 198.0+2.0 85.0+4.2

Creatinine, mmol/L 130+2.8 80+0.8

Five patients with identified С-МУС mutational gene 
underwent stem cell autotransplantation of 4-4.8 million 
stem cells and received 6 PCT courses in the R+Hyper-
CVAD regimen. The partial remission by 80% of all groups 
of peripheral lymph nodes and more than 60% of the left 
mandibular formation was achieved. The patient will con-
tinue receiving PCT in the mentioned regimen. The quali-
ty of life after treatment was 1 point by ECOG -WHO scale.

2. The efficacy of B-cell lymphoma stages II-IV A&B 
treatment without the identified c-myc gene

This arm included 35 patients with B-NHL stages II-IV 
A&B without the identified c-myc gene. Of them, 25 pa-
tients had low malignant NHL (indolent form) (Ki 67 – 35-
57%, BCL2 – 25-32%), and the other 14 patients had high-
ly malignant NHL with Ki 67 ranging from 80 to 100%. All 
those patients had II-IVA and B stages of the process. The 
myelogram showed bone marrow damage in 40% of pa-
tients. 

The patients with low aggressive tumor received 6 

PCT courses in the R+CHOP 21 regimen for the process 
consolidation. At that, 20 patients (80.0±10.0%) had a 
complete remission of the tumor; the remaining 5 pa-
tients (20.0±5.3%) had partial remission.  No tumor pro-
gression was observed during treatment. It can be as-
sumed that immune polychemotherapy is more efficient 
in B-NHL with low proliferative index vs. B-NHL with high 
proliferative index.

The remaining 14 patients with high levels of Ki 67 
(87.0%) and BCL2 (53.0%) without the identified muta-
tional gene have received 6 PCT courses in the R-CHO-
EP 21 regimen. At that, 70.0±6.6% of patients had a com-
plete remission of the tumor vs. 30.0±20.0% of cases of 
partial remission. No tumor progression was registered.

Thus, the preliminary outcome of 7 patients with DLB-
CL and the identified c-myc gene who received treatment 
in the R+HyperCVAD regimen, including immunotherapy 
shows the efficacy of high-dose chemotherapy. The com-
plete tumor response to treatment was achieved in 80% of 
cases, and the event-free survival has exceeded 22 months.

Gene expression profiling reveals several subtypes 
of B-cell lymphoma: those that originate from the germi-
nal center B-cells and those that originate from activated 
B-cells. The c-myc, bcl 6, and BCL2 genes are the key regula-
tors of B-lymphocyte development at the level of germinal 
(follicular) differentiation. Determination of abnormalities 
of these genes and the quantitative parameters of expres-
sion of proteins they code will allow identifying risk groups 
among patients with DLBCL with high probability. About 
5-14% of cases of DLBCL are associated with c-myc gene 
recombination [8-9]. We have shown that such c-myc gene 
recombination is associated with an aggressive course and 
worse survival of patients with DLBCL. According to the lit-
erature data, in most cases, DLBCL with c-myc recombina-
tion manifests with extranodal lesions, a late stage of the 
disease (stage III-IV by Ann-Arbor classification). Tumor 
cells are characterized by a high proliferative index Ki-67 
(> 80%). Such patients have lower overall survival, a worse 
response to R-CHOP therapy compared with cases without 
c-myc recombination; the relapses involving CNS are more 
frequent [8, 10].

As in our study, S. Hu et al. [7] have compared the IHC, 
FISH, and gene profiling results with clinical data to show 
that DLBCL cases with MYC/NCL2 co-expression (thresh-
old level of 40.0% for c-myc and 70.0% for BCL2) have the 
most adverse treatment outcomes. In the study of the re-
sults of 193 patients with DLBCL made by T.M. Green et al. 
[11], MYC/ML2 co-expression correlated with an adverse 
prognosis when using R-CHOP regimen (3-year over-
all survival 43 vs. 86%, event-free survival 39 vs. 75%). 
In the group with MYC/ML2 co-expression, FIST-tests 
have shown genetic abnormalities of the relevant genes 
in 54% of patients. The prognostics factor of MYC/ML2 
co-expression was statistically significant when taking 
into account other factors (for example, IPI, belonging to 
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the GCB / non-GCB subtype, the presence of C-MYC/BCL2 
rearrangements) [12, 13].

In our study of molecular genetic features of B-cell lym-
phomas, we have revealed biological varieties and identi-
fied several genetic subtypes of this disease which differ in 
their course and prognosis. B-cell lymphoma subtypes de-
velop from genetic disorders in the process of B-cell lym-
phocyte differentiation/maturation and are characterized 
by blocking apoptosis, impaired bcl-2 regulation, loss of 
bcl-6 function, p53 deletion, and increased cell prolifera-
tion, as well an interrupted c-myc adjustment. GCB-DLBCL 
is characterized by impaired adjustment of increased ex-
pression of bcl-2 and, often, c-myc. ABC-DLBCL is accom-
panied by a translocation involving the bcl-6 gene and, in 
some cases, by p53 inactivation. Patients with GCB-type 
lymphoma have a better average response to standard 
chemotherapy and a better prognosis. We consider that 
in aggressive B-cell lymphomas, the classical NF-kB activa-
tion and the impaired c-myc regulation lead to refractori-
ness towards standard chemotherapy. The solution to that 
could be a high-dose polychemotherapy with a monoclo-
nal antibody (R+HyperCVAD).

The empirical approach to the choice of anticancer 
therapy is getting out of date. The new knowledge about 
the tumor cell functioning along with the identification 
of drug targets and insufficient effectiveness of cytostat-
ics motivate to look for options for individual-specific 
therapy based on molecular markers. 

This paper mainly focuses on the analysis of chro-
mosomal changes in tumor elements. Without this data, 
modern diagnostics of blood diseases of tumor nature, 
their prognosis and choice of rational therapy are either 
impossible or prone to significant errors.

In their studies of DLBCL molecular genetic prop-
erties, many authors have revealed biological variet-
ies and identify several genetic subtypes of this disease 
that differ in their course and prognosis. Therefore, our 
study focused on the efficacy of molecular genetic pro-
filing of lymphoid system tumors to improve and intro-
duce innovative approaches in diagnosis and treatment 
prognosis [1, 12, 13].

Our study of molecular genetic features of B-cell lym-
phoma has revealed the co-expression of c-myc and 
BCL2 genes in 7 out of 44 patients with B-NHL. The use 
of high-dose immune chemotherapy has identified sev-
eral genetic subtypes of this disease which differ in their 
course and the response to treatment. The use of high-
dose PCT followed by hemopoietic stem cell autotrans-
plantation in patients with co-expression of the c-myc 
gene and BCL2 has shown high efficacy of the therapy 
and justified our prognosis of treatment effectiveness.

Conclusions: 
1. We have identified a correlation between the pro-

liferative activity of the tumor (Ki 67) and the c-myc gene 
detectability. 

2. High-dose PCT in the R+HyperCVAD regimen (6 
courses) in patients with identified mutational gene has 
improved the immediate efficacy of therapy. The com-
plete response amounted to 80.0%; the event-free sur-
vival has exceeded 22 months.

3. In patients with high BCL2 and Ki 67 levels with-
out an identified mutational gene, 6 courses of PCT in the 
R-CHOEP 21 regimen resulted in complete remission in 
70.0±6.6%, and partial remission – in 30.0±20.0% of pa-
tients. No disease progression was registered.

4. The event-free survival of patients with c-myc and 
BCL2 co-expression was 22 months.
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