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ABSTRACT

Aim. To define the association of CDKN2A4/B deletions in the 9p21 locus with survival of patients with diffuse
large B-cell lymphoma.

Materials and methods. The study included 105 patients with diffuse large B-cell lymphoma who received first-
line therapy with R-CHOP. A deletion of 9p21 was detected by fluorescent in situ hybridization of tumor tissue
biopsy samples. Deletions of CDKN24 and CDKN2B were determined by real-time quantitative polymerase chain
reaction. The overall survival and the progression-free survival were calculated by the Kaplan — Meier method with
plotting of survival curves (the log-rank test). The risk of event occurrence was determined by the Cox regression
analysis with the calculation of the risk ratio (RR) and 95% confidence interval (CI). The differences between the
variables were considered statistically significant at p < 0.05.

Results. The deletion of the chromosomal region 9p21 was detected in the biopsy samples in 16.2% of patients. The
CDKN24 deletions were detected in 23.8% of patients and CDKN2B loss — in 28.6% of patients. The progression-
free survival was significantly lower in patients with the 9p21 deletion than in those without this aberration: 29.4%
vs. 62.5%, respectively (p = 0.012; RR = 2.26; 95% CI = 1.17-4.38). The risk of disease progression at low and
low-intermediate values of the International Prognostic Index was 5.9 times higher in patients with the CDKN2B
deletion than in patients without this abnormality.

Conclusion. Deletion of the chromosomal region 9p21 is associated with low progression-free survival in patients
with diffuse large B-cell lymphoma. Loss of CDKN2B is associated with a high risk of disease progression in
patients with low and low-intermediate risk according to the International Prognostic Index.
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B3sanmocBasb geneuunm reHoB CDKN2A n CDKN2B ¢ BbXNBaemMoCTblo
60nbHbIX ANPPy3HOM B-KpynHoKneTouHo num¢pomon

Capnosa M.B., Tpery6oBa E.B., ibakoHoB [1.A., BaneeBa E.B., PocuH B.A., Camapuna C.B,,

Hasaposa EJ1.

Kupoesckuii nayuno-uccredogamenbckuil UHCIUMYm 2eMamonio2ull U neperusanus Kposu
Dedepanvroco meouro-douonocuieckozo azenmemesay (KHUHUIT ullK @MBA) Poccuu

Poccus, 610027, 2. Kupos, yr. Kpacnoapmetickas, 72

PE3IOME

Heas. Onpenenuts B3anMocBs3pb aenennii reHoB CDKN2A u CDKN2B B nokyce 9p21 ¢ BEDKUBaEMOCTBIO O0ITb-
HBIX TU(dy3HOH B-kpymHOKIETOUHOI THME(OMOIA.

MatepuaJbl 1 MeTOAbI. B uccinenosanue BxmodeHsl 105 mammeHToB ¢ quddysHoil B-kpynmHOKIETOYHOH THM-
(homoii, momy4yaBUIMX Tepanuio nepBoit tuHuu no cxeme R-CHOP. Jlenenuro 9p21 BBIABISIIN C HOMOLIBIO (uTy-
OpECLICHTHOM TMOpUAN3ALHHY i Situ OUONICHITHBIX 00pa3noB omyxosieBol Tkanu. [enenmu B reHax CDKN2A u
CDKNZ2B ycraHaBIuBaIu KOJIWYECTBEHHOW MONMMMEpa3HO LEMHOH peakuuei B peanbHOM BpeMeHu. O0uryo u
OecrporpeccHBHYIO BBDKHBAEMOCTh PACCUUTHIBAJIN 110 MeToy Karmnana — Meiiepa ¢ rpaduyeckum mocTpoeHueM
kpuBbIX (log-rank Tect). Puck HacTymiueHus: coObITHS BBIYHCISUIM METOJOM perpeccuoHHoro anaimmsza Kokca c
pacderom otHomeHHs puckoB (OP) n 95%-ro nosepurensroro unrepsana (95%-ii JI1). Paznnuns mexay nokasza-
TEIAMH CYUTAIIM CTATUCTHYCCKU 3HAYMMbIMHU 11pu p < 0,05.

PesyabTartsl. [lenenus xpoMocoMHoro pernona 9p21 obHapykeHa B OMONCHHHBIX oOpasnax 16,2% OoNbHBIX.
ITonomku B rene CDKN2A BoisiBieHB! y 23,8% nauueHToB, yrpata CDKN2B —y 28,6%. becriporpeccuBHasi BIKU-
BaeMOCTb 3HAYMMO HIKE Y 00CIIeI0BaHHBIX ¢ fenenueid 9p21, yem y nui 6e3 nanHo# adepparun: 29,4% npoTtus
62,5% cootBetctBeHHO (p = 0,012; OP = 2,26; 95%-it I = 1,17-4,38). Puck nporpeccun 3abosieBaHUs MPU
HHM3KOM M HU3KOM ITPOMEKYTOYHOM MOKa3aTele MeXIyHapoIHOTO MIPOrHOCTHUECKOTO HHJIeKea B 5,9 pasa Bblle y
nanueHToB ¢ aeneryeid rena CDKN2B, yem y 60NbHBIX 0€3 yKa3aHHOW aHOMAJIHH.

3akmouenne. [lenenus XpOMOCOMHOTO perroHa 9p21 cBsi3aHa ¢ HHU3KOH OECIpPOrpECCHBHON BBIKHBAEMOCTHIO
60sbHBIX AU Qy3HOH B-kpynHOKIeTOUHON MMMdoMOoit. YTpara rena CDKN2B acconuupoBaHa ¢ BHICOKHM PH-
CKOM IPOTpeccur 3a00JICBaHNs y MAMCHTOB HU3KOTO M HU3KOT'O IPOMEKYTOYHOI'O PHCKA COTJIACHO MEKIYHAPO/I-
HOMY IIPOTHOCTUYECKOMY MHJICKCY.

Kuruerble ciioBa: nenenus jokyca 9p21, nubdysnas B-kpynHokiaerounas tumpoma, CDKN2A/B

KonpaukT nnTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH(IUKTOB HHTEPECOB,
CBSI3aHHBIX C IyOJUKaKEi HACTOSIIEeH CTaThH.

HUcTouHuk (bnﬂchnponamm. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBHUHU (1)I/IHaHCI/Ip0BaHI/IH Ipu OpoOBEACHUU UCCIIE0-
BaHUs.

CooTBeTcTBHe NpHHOMNAM JTHKH. lccremoBanme omoOpeHO JIOKAIBHBIM OJTHYECKUM KOMHUTETOM IIPU
KHUUNT'ulIK ®MBA Poccuu (porokon Ne 34 ot 09.12.2022).

Jist murupoBanusi: Caprniosa M.B., Tpery6osa E.B., [lpsikonos JI.A., Baneesa E.B., Pocun B.A., Camapuna C.B.,
Hazaposa E.JI. B3aumocss3p nenermii reHoB CDKN2A u CDKN2B ¢ BbDKHBAaEMOCTBbIO OONBHBIX D dys3-
HOW B-kpymHokierouHoi mumdomoit. Broanemens cubupcrou meduyunvl. 2023;22(4):100-106. https://doi.
org/10.20538/1682-0363-2023-4-100-106.

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is a
group of heterogeneous tumors with different clinical
manifestations, morphological characteristics, genetic
aberrations, and different responses to therapy and

prognosis [1]. More than half of patients with DLBCL
respond well to the standard R-CHOP chemotherapy
regimen (rituximab, cyclophosphamide, doxorubicin,
vincristine, prednisolone). However, relapses or
refractory forms of the disease leading in most cases
to death develop in 30-40% of cases [2]. Currently,
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the international prognostic index (IPI) and its
modifications are considered to be a simple and
reproducible tool for estimating the individual risk
of early disease progression. However, according
to some authors, its practical application does not
always accurately estimate the individual risk of
therapy failure, since IPI is mainly based on clinical
characteristics, so it is necessary to search for new
markers associated with an unfavorable course of the
disease [3].

Some of the reasons for the heterogeneity of
clinical manifestations in DLBCL are molecular
biological features of tumor cells [4, 5]. Extensive data
on genetic disorders associated with the development
of the disease and (or) neoplastic progression have
been obtained using the next-generation sequencing
methods [6, 7].

Some of the most frequently mutated genes in
various malignant neoplasms are genes encoding
inhibitors of cyclin-dependent kinases 2A/B (CDKN2A
and CDKN2B), localized in the chromosomal region
9p21. They belong to the tumor suppressor family.
CDKN24 and CDKN2B encode the corresponding
proteins pl6INK4a and p15INK4B, which are almost
identical in structure and biochemical properties. Both
proteins play an important role in the cell cycle control,
blocking it during the G1 to S-phase transition by
binding cyclin-dependent kinases 4 and 6 (CDK4/6).
According to the literature, GI1/S checkpoint
dysfunction leads to uncontrolled proliferation of
tumor cells [8].

Deletions of CDKN2A/B (9p21) occur in 20-30%
of DLBCL cases and, according to some foreign
authors, are associated with an unfavorable course
of the disease [9]. No information was found on the
influence of genetic aberrations in the chromosomal
region 9p21 on the prognosis of the disease in the
domestic literature. Therefore, the study on the
prognostic value of aberrations in the 9p21 locus in
patients with DLBCL is relevant.

The aim of the study was to determine the
relationship of CDKN2A/B deletions at the 9p21 locus
with survival of patients with DLBCL.

MATERIALS AND METHODS

The retrospective study included 105 patients with
newly diagnosed DLBCL who received treatment at
the clinic of KRIHBT in 201-2019. The average age
was 59 (49-67) years. Among them, 50.5% (53/105)
were men, 49.5% (52/105) were women. Stages 1 and
2 of the disease were determined in 40% (42/105) of

the examined patients (according to Ann Arbor staging
classification), stages 3 and 4 were determined in 60%
(63/105) of patients. Half of the patients (52/105)
belonged to high and high-intermediate risk groups
according to IPI. All patients received standard first-
line R-CHOP induction immunochemotherapy. The
immunohistochemical (IHC) subtype of the tumor
was determined based on the IHC algorithm proposed
by C.P. Hans [10]: GCB subtype was found in 27.6%
(29/105) of cases, non-GCB subtype was detected
in 72.4% (76/105) of cases. A complete response to
R-CHOP therapy was achieved in 64.8% (68/105)
of those examined, a partial response was noted in
18.1% (19/105) of cases. Stabilization of the process
and refractoriness to treatment were noted in 17.1%
(18/105) of patients. Five-year overall survival (OS)
was 64.8%, five-year progression-free survival (PFS)
was 57.1%. The median follow-up of patients was 48
(20—60) months.

The deletion of the chromosomal region 9p21 was
determined using fluorescent in sifu hybridization
(FISH) of biopsy samples of tumor tissue using
the Kreatech CDKN2A (9p21) / 9921 FISH probe
according to the standard method in accordance with
the manufacturer’s protocol. The deletions of exons
la, 2 in the CDKN24 gene and exon 1 in the CDKN2B
gene were determined by quantitative real-time
polymerase chain reaction (PCR) [11].

Statistical data processing was performed using
the STADIA software. The frequency of occurrence
of nominal independent variables in the groups,
divided according to the characteristics under study,
was compared using the Pearson’s chi-square test (y?).
The five-year OS and PFS were calculated by plotting
the Kaplan — Meier survival curves. The differences
between survival rates in the groups of patients were
determined using the log-rank test. The risk of disease
progression was calculated using the Cox regression
analysis with the calculation of the hazard ratio (HR)
and 95% confidence interval (CI). The selection of
variables was performed by backward elimination
(Wald’s test). The differences between the parameters
were considered statistically significant at p < 0.05.

RESULTS

A deletion of the 9p21 chromosomal region was
found in 16.2% (17/105) of the examined patients.
All the results of the FISH analysis were confirmed
by PCR, deletions were detected in 31.4% (33/105) of
patients with DLBCL. On the one hand, the obtained
data are due to higher sensitivity of PCR compared
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to FISH in assessing copy number aberrations in
histologic specimens. On the other hand, in some
cases, a significantly smaller DNA area is deleted
compared to the area covered by a commercial DNA
probe. It does not lead to attenuation of the fluorescent
signal. The deletions of exons la and (or) 2 in the
CDKN2A gene were found in the formalin-fixed
paraffin-embedded (FFPE) samples in 23.8% (25/105)
of patients, the deletion of exon 1 in CDKN2B was
found in 28.6% (30/105) of cases. All patients were
divided into groups depending on the presence or
absence of deletions of the chromosomal region 9p21
in the CDKN2A and CDKN2B genes.

There were no significant associations of the 9p21
deletions with clinical and laboratory characteristics
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of patients (age, disease stage, IHC subtype, IPI risk
group) (data not shown).

The relationship between deletions of CDKN2A/B
(9p21) and OS of patients has not been established
(data not shown). The five-year PFS of patients
with del9p21 was significantly lower compared to
that of patients without this aberration: 29.4% (Me
= 19 months) versus 62.5% (Me was not reached),
respectively (p = 0.012; Fig. 1, a). The risk of disease
progression in the patients with the 9p21 deletion
in the FFPE samples was 2.26 times higher than in
patients without genetic damage (HR = 2.26; 95%
CI = 1.17-4.38). Associations between the presence
or absence of CDKN2A deletions and PFS were not
found (data not shown).
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Fig. 1: Progression-free survival of patients: a — with a deletion of the chromosomal region 9p21 (n = 17, dotted line) and without
aberrations (n = 88, solid line); b — with CDKN2B deletion (n = 30, dotted line) and without aberrations (n = 75, solid line)

The five-year PFS in patients with a CDKN2B
deletion was lower than in patients without this
anomaly: 40% (Me = 21 months) versus 63.9% (Me
was not reached), respectively (p = 0.036; Fig.1, b).
The risk of disease progression in patients with
delCDKN2B was 1.9 times higher than in patients
without the deletion (HR = 1.87; 95% CI = 1.03-3.42).

According to the results of the univariate Cox
regression analysis, predictors of low PFS in patients
with DLBCL were IPI > 2 (p < 0.001; HR = 6.22;
95% CI = 3.05-12.68), non-GCB subtype (p = 0.058;
HR = 2.10; 95% CI = 0.98-4.51), deletion of the
chromosomal region 9p21 (p = 0.016; HR = 2.26;
95% CI=1.17-4.38) or CDKN2B deletion (p = 0.041;
HR = 1.87; 95% CI = 1.03-3.42).

The multivariate Cox proportional hazard model
(Table 1) includes parameters that have passed
selection by the significance level (IP1 > 2, non-GCB

subtype, del9p21). A loss of the chromosomal region
9p21 was identified as an independent predictor of low
PFS along with IPI> 2. The risk of disease progression
was 1.95 times higher in patients with a 9p21 deletion
than in those without aberrations at the study locus
(»=0.031; HR = 1.95; 95% CI = 1.07-3.56).

Table 1

Multivariate Cox regression analysis of predictors
of progression-free survival in patients with diffuse large
B-cell lymphoma, » =105

Parameter HR 95% CI p
IPI >2 5.82 2.85-11.91 <0.001
del 9p21 1.95 1.07-3.56 0.031

The relationship between the presence of genetic
aberrations at 9p21 and the survival rates of patients
with low or low-intermediate risk (according to IPI)
was studied. In patients with CDKN2A4 or CDKN2B

Bulletin of Siberian Medicine. 2023; 22 (4): 100-106 103



Sarpova M.V., Tregubova E.V., Diakonov D.A. et al.

Association of CDKN2A/B deletions with survival of patients with diffuse

deletions, the PFS was lower than in those with an
intact locus: 66.7 vs. 86.1% (p = 0.109; Me was not
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reached; Fig. 2, a) and 60 vs. 88.9%, respectively (p =
0.009; Me was not reached; Fig. 2, b).
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Fig. 2. The progression-free survival in patients with low or low-intermediate risk in the presence of a deletion: @ — in the CDKN2A
gene (n =15, dotted line), b — CDKN2B (n = 15, dotted line) and without aberrations (n = 38, solid line)

Only CDKN2B deletion showed  statistical
significance in the univariate Cox regression analysis
for PFS (p=0.018; HR =4.67; 95% CI=1.30-16.81).
Assessing the effect of several predictors on disease
progression, such as age > 60 years (p = 0.140;
HR = 2.6; 95% CI = 0.73-9.21), del CDKN24 (p =
0.124; HR =2. 65; 95% CI=0.76-9.22), del CDKN2B
(p=0.018; HR = 4.67; 95% CI = 1.30-16.81), it was
found (Table 2) that patients with del CDKN2B had a
higher risk of disease progression (by 5.9 times) than
those without the gene loss (p =0.010; HR =5.9; 95%

Cl=1.54-22.61).
Table 2

Multivariate Cox regression analysis of predictors
of progression-free survival in patients with low
and low-intermediate risk, n =53

Parameter HR 95% Cl p
del CDKN2B 5.90 1.54-22.61 0.010
Age >60 years 3.25 0.87-12.08 0.079
DISCUSSION

DLBCL is a heterogeneous lymphoid neoplasm
with variable gene expression patterns and genetic
abnormalities that contribute to different clinical
courses of the disease and responses to therapy.
CDKNZ2A/B aberrations can disrupt various biological
programs, in particular DNA damage response (via
the p14-ARF/p53 pathway) and cell cycle regulation
(via the RB/p16 tumor-suppressive pathway). When
the latter is impaired, neoplastic cells accumulate

additional mutations, contributing to clonal tumor
evolution, genome instability, and, as a result, drug
resistance and disease progression [8]. So, B. Chapuy
et al. identified a subset of DLBCL variants with
biallelic inactivation of 7P53 and a loss of CDKN2A,
characterized by genomic instability and low survival
rates, regardless of the gene expression profile [7].

According to the obtained data, the deletion of the
chromosomal region 9p21, established by the FISH
method, was found in 16.2% of patients. The results
of molecular cytogenetic studies were confirmed by
PCR. The loss of CDKN24 was found in 23.8% of
patients, the loss of CDKN2B —in 28.6% of individuals.
The obtained data generally correspond to the data
mentioned in the literature [9]. The high frequency
of genetic disorders determined by PCR is probably
due to the high sensitivity of the applied analysis,
in contrast to FISH. Although FISH does not detect
deletions of smaller regions (microdeletions) and
small subclones, the method is considered as specific
and indicative. The simultaneous use of technologies
is complementary and minimizes errors.

Several studies have shown the association of
del9p21 with the prognostically unfavorable ABC
subtype of DLBCL [12, 13]. In our study, no similar
pattern was found. Perhaps the differences are due
to the methods of determining the subtype: the
analysis based on the gene expression profile and
immunohistochemical methods.

It was found that the deletion of the chromosomal
region 9p21, along with IPI > 2, was an independent
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predictor of low PFS in patients with DLBCL. The
risk of disease progression was two times higher in
patients with the 9p21 deletion than in patients without
aberrations at the locus under study. It was determined
that the PFS of patients belonging to low or low-
intermediate risk groups with a CDKN2B deletion was
significantly shorter than in the individuals without
the genetic damage. The risk of progression was more
than five times higher in patients with IPI <2 with a
deletion of CDKN2B compared to the same parameter
in patients without the gene loss. The results are
partially in line with the data obtained by F. Jardin
et al., who found that CDKN2A4 and (or) CDKN2B
deletions were associated with shorter overall and
disease-free survival of patients [9]. At the same time,
we did not reveal any differences in the OS of patients
depending on the presence or absence of deletions of
the chromosomal region 9p21 and (or) CDKN2B.

Associations between the presence of del CDKN2A4
and survival rates of patients with DLBCL were not
found. The results are similar to those reported by C.R.
Bolen et al. [12] and K. Karube et al. [13]. At the same
time, researchers have shown that complex changes in
the TP53/CDKN2A biological pathway are associated
with low survival rates (OS and PFS), regardless of
IPI and the molecular subtype of the disease [13].

CONCLUSION

The deletion of the chromosomal region 9p21 is
associated with low PFS rate in patients with DLBCL.
The deletion of the CDKN2B gene is associated
with a high risk of disease progression in low- and
low-intermediate risk patients (IPI). Aberrations in
the chromosomal region 9p21 (del CDKN2A/B) are
determined using both PCR and FISH. The obtained
results can be used as additional molecular genetic
criteria for assessing the unfavorable course of
DLBCL.
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