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Abstract
Background: Deletion of 13q14 [del(13q)] is the most common cytogenetic change (50%) in chronic lymphoblastic
leukemia (CLL), and it is a good prognostic factor if it is detected as a sole aberration by FISH. However, it is observed
the clinical course of CLL cases with del(13q) are quite heterogeneous and the responsible for this clinical heterogeneity has not been established yet. Some investigators suggest type II deletion (include RB1 gene) is associated with
more aggressive clinical course. Also, it is suggested that the deletion burden and the deletion type have a prognostic
effect. In this study, we aimed to investigate the effect of RB1 gene deletion, deletion burden and deletion type on
overall survival (OS), disease stage and time to first treatment (TTFT) in patients with isolated del(3q). Sixty eight cases,
detected isolated del(13q) were included in the study. Also, RB1 deletion was analyzed from peripheral blood of them
using FISH.
Results: RB1 deletion was detected in 41% of patients, but there was no statistically significant difference between
RB1 deletion and TTFT, stage and OS (p > 0.05). At same time, statistically significant difference was detected between
high del(13q) (> 80%) and TTFT (p < 0.05).
Conclusion: The statistical analysis of our data regarding to the association between RB1 deletion and deletion type,
TTFT, disease stage, and OS has not confirmed type II deletion or biallelic deletion cause poor prognosis. However,
our data supports the deletion burden has a prognostic effect. More studies are needed to elucidate the cause of the
clinical heterogeneity of CLL cases with del(13q).
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Background
Chronic lymphocytic leukemia (CLL) is a disease characterized by the increase of mature neoplastic B lymphocytes in lymphocytic tissues such as peripheral blood,
bone marrow, lymph node, spleen and liver. One-third
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of the patients need treatment at the time of diagnosis,
one-third of them progress and develop a need for treatment over the time, and one-third never need treatment.
In addition to the Rai and Binet staging systems, there
are many studies aimed at determining the prognosis in
CLL. There are some independent parameters that have
been shown to be important in terms of prognosis other
than staging; lymphocyte count, bone marrow involvement level, atypical lymphocyte ratio and lymphocyte
count doubling time (LDT), LDH, beta-2 microglobulin, thymidine kinase, sCD23 and sCD44, cytogenetic
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changes, IGH mutation status, CD38 expression rate,
ZAP70 expression [1–3]. Although there is no single
specific cytogenetic anomaly in CLL, the most common
anomalies are 13q14 deletion (50%), 11q22–23 deletion
(17–20%), trisomy 12 (15%) and 17p13 deletion. While
deletion 13q14 correlates with long-term survival, trisomy 12 is associated with intermediate prognosis, the
deletions 11q and 17p cause poor prognosis [2, 4].
Deletion of 13q14 [del(13q)] is the most common
cytogenetic change (50%) CLL and it is a good prognostic
factor if it is detected as a sole aberration by FISH. However, it is observed that the clinical course of CLL cases
with del(13q) are quite heterogeneous and the reason for
this clinical heterogeneity has not been established yet.
Some investigators suggest type II deletion (include RB1
gene) is associated with more aggressive clinical course.
Also, it is suggested that the deletion burden and the
deletion type (being homozygous and/or heterozygous)
have a prognostic effect.
The size of chromosome 13 long arm deletions vary
widely [5, 6]. In recent studies, 13q deletions were divided
into two groups based on the size of deletion; Type 1
deletions contain the miR15a/16-1 deletions but not the
The retinoblastoma (RB1) gene. Type 2 deletions, which
are reported to be associated with more aggressive clinics, are defined as 13q deletions in which the RB1 gene
is also deleted [7, 8]. Some of the studies argue that the
more the deletion burden increases, the more aggressive
the disease progresses [9–11]. In addition, studies have
reported that monoallelic 13q deletions are observed in
the early stage and are associated with larger deletions,
but biallelic deletions are associated with more aggressive
clinical trials [6, 12].
The reason for the clinical heterogeneity observed in
isolated del(13q) cases has not been clarified yet. In this
study, we aimed to investigate the effect of RB1 gene
deletion, deletion burden and deletion type on overall survival (OS), disease stage and time to first treatment (TTFT) in patients with isolated del(3q). Sixty
eight cases, where isolated del(13q) was detected,were
included in the study. Also, RB1 deletion was analyzed
from peripheral blood of the cases using FISH.

mean (median) TTFT and OS durations were 28 and
52 months, had no treatment, 23 cases were receiving
treatment but treatment information of 4 cases could not
be reached. While the rate of 13q deletion was below 80%
in 77% (52/68) of the cases, the rate of 13q deletion was
found to be above 80% in 23% (16/68). In addition, deletion burden is included in Table 1 according to the cut off
values of 60% and 70% in our case numbers.
When we analysed the deletion type, a biallelic deletion
13q was detected in 6 cases. As a result of the FISH study,
with the probe targeting the RB1 region, RB1 gene deletion was detected in 27 (40%) of the cases (Table 1).
As a result of the statistical analysis, no statistically significant relationship was found between the RB1 gene
deletion positive and negative cases in terms of time to
start treatment, disease stage, treatment status, and β2
microglobulin levels (p > 0.05) (Fig. 1). In addition, there
was no statistically significant relationship between RB1
gene deletion and the percentage of 13q deletion and the
type of 13q deletion. The data of the cases are included in
Table 2.

Results
Sixty eight CLL patients with isolated del(13q) detected
by CLL FISH panel (ATM, TP53, 13q14 and trisomy 12)
between 2006 and 2019 were included in our study, in
which we aimed to investigate the cause of the clinical
heterogeneity of CLL cases with del(13q).
At the time of enrollment, 46 patients (70.58%) were at
RAI stage 0, I and II, 14 (20.58%) at stage III and stage
IV. Rai stage status could not be determined in eight
(11.76%) patients. While analysis 41 of the cases, whose

13q deletion rate

Table 1 Clinical data and deletion 13q pattern of 68 CLL
cases with isolated del 13q
Frequency

Percent

Gender
Female

28

41

Male

40

59

RAI stage
Low (0, 1, 2)

46

70

High (4, 5)

14

20

Treatment
Positive

23

33

Negative

41

60

< 3.5

18

55

> 3.5

15

45

Beta2 microglobulin

RB1 deletion
Positive

27

40

Negative

41

60

< 80%

52

77

> 80%

16

23

< 70%

46

68

> 70%

22

32

< 60%

40

59

> 60%

28

41

58

96

2

4

Deletion type
Monoallelic
Biallelic
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Fig. 1 Relationship between RB1 gene deletion (del) and TTFT (time
to first treatment)

Table 2 Relationship between RB1 gene deletion
and disease stage, treatment status, β2 microglobulin
level, 13q deletion rate and type
RB1 gen deletion

Total

p value

p > 0.05

Negative n (%)

Positive n (%)

0, 1, 2

25 (54)

21 (46)

46

3, 4

9 (64)

5 (36)

14

Total

34

26

60

Positive

15 (62)

8 (35)

23

Negative

24 (58)

17 (42)

41

Total

39

25

64

< 3.5 mg/dl

11 (61)

7 (39)

18

> 3.5 mg/dl

9 (60)

6 (40)

15

Total

20

13

33

< 80%

33 (63)

19 (37)

52

> 80%

8 (50)

8 (50)

16

Total

41 (60)

27 (40)

68

< 70%

23 (60,5)

15 (39,5)

38

> 70%

8 (42)

11 (58)

19

Total

31 (54)

26 (46)

57

< 60%

19 (59)

13 (41)

32

> 60%

12 (48)

13 (52)

25

Total

31 (54)

26 (46)

57

Monoallel

37 (59)

26 (41)

63

Biallel

4 (80)

1 (20)

5

Total

41

27

RAI stage

Treatment
p > 0.05

When we grouped our cases by determining 3 different
cut-offs for 13q deletion rates (60%, 70% and 80%), it was
found that the time to initiate treatment was statistically
significantly shorter in the cases with deletion rate over
80% compared to the cases with less than 80% (p < 0.05)
(Fig. 2).
As a result of the analysis, there was no statistically significant relationship between the 13q deletion rate and
the RAI stages and β2 microglobulin levels (p > 0.05), but
a statistically significant relationship was found between
the cases with a 13q deletion rate above 80% and the
patients receiving treatment (p < 0.05). The findings of
the cases regarding the 13q deletion percentage rates are
given in Table 3.
Furthermore, as a result of the statistical analysis, no
relationship was found between the 13q deletion type
(mono and/or biallelic) and the disease stage (p = 0.051)
(Table 4).

Discussıon
Chronic lymphocytic leukemia is a genetically heterogeneous disease, and has been defined as a genetic anomaly
having recurrent prognostic effects through the course of
time. While some of the del(13q) cases, which are most
frequently observed and associated with good prognosis
when observed in isolation, have been followed without treatment for years, it is revelaed that some of them
have a much more aggressive clinic and resulted in death
even if the treatment started at the time of diagnosis [2,
11]. In routine, the FISH method is used for the detection of 13q14 deletions and the deletion load can be calculated with FISH. In a study, comparing the efficiency
of MLPA with cytogenetic and FISH, it was shown that

β2 microglobuline
p > 0.05

13q deletion rate
p > 0.05

p > 0.05

p > 0.05

Deletion type

68

p > 0.05
Fig. 2 Relationship between deletion 13q (13q del) burden and TTFT
(time to first treatment)
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Table 3 Relationship between 13q deletion rates and treatment status, β2 microglobulin levels and RAI stages
13q deletion rate
< 80% n (%) > 80% n (%) Total p value   70% n (%) > 70% n (%) Total p value < 60% n (%) > 60% n (%) Total p value
Treatment
Positive

13 (56)

10 (44)

23

p < 0.05 14 (61)

9 (39)

23

11 (48)

12 (52)

23

Negative

35 (85)

6 (15)

41

29 (71)

12 (29)

41

25 (61)

16 (39)

41

Total

48 (75)

16 (25)

64

43 (67)

21 (33)

64

36 (56)

28 (44)

64

<3.5 mg/dl 14 (78)

4 (22)

18

14 (78)

4 (22)

18

12 (67)

6 (33)

18

>3.5 mg/dl 12 (80)

3 (20)

15

11 (73)

4 (27)

15

10 (67)

5 (33)

15

Total

26 (79)

7 (21)

33

25 (76)

8 (24)

33

22 (67)

11 (33)

33

p > 0.05

p > 0.05

β2 microglobuline level
p > 0.05

p > 0.05

p > 0.05

RAI stage
0, 1, 2

37 (80)

9 (20)

46

31 (67)

15 (33)

46

28 (61)

18 (39)

46

3, 4

8 (57)

6 (43)

14

p > 0.05

9 (64)

5 (36)

14

p > 0.05

6 (43)

8 (57)

14

Total

45 (75)

15 (25)

60

40 (67)

20 (33)

60

34 (57)

26 (43)

60

p > 0.05

Bold value indicate statistically significant p < 0.05

Table 4 Relationship
and disease stage

between

deletion

13q Deletion type
Monoallelic

13q

type
p value

Biallelic

Total

RAI stage
0, 1, 2

46 (100)

0 (0)

46

3, 4

12 (86)

2 (14)

14

Total

58 (97)

2 (3)

60

0.051

Bold value indicate statistically significant p < 0.05

patients with del(13)(q14.3q14.3) > 70% had an unfavorable prognosis and it was stated that FISH studies were
also necessary for CLL patients with del(13q) in MLPA
[13]. Hernandez et al. found in their study that isolated
del(13q) CLL cases with a deletion load of more than
80% had a statistically significantly shorter TTFT and OS
than those with a deletion burden of less than 80%, and
showed 13q deletion burden had an effect on the prognosis [10]. In another study, a statistically significant difference was found in terms of TTFT between CLL cases
with deletion burden above 65% and below 65%, but no
difference was observed in terms of OS [14]. In a study
conducted in 2013, it was reported that isolated del(13q)
detected above 90% cannot be associated with good
prognosis and are an independent prognostic marker
[15]. In another study, statistically significantly shorter
TTFT was found in cases with more than 70% deletion
rate [16]. Miao et al. accepted the cases with more than
80% 13q deletions as high deletions and reported that
high deletion rate was associated with short TTFT, Binet
A and B IGHV mutation positive and caused poor prognosis [11]. Working with a much larger number of cases,

Dal Bo et al. determined the cut off value as 70% in their
study with 342 isolated del(13q) CLL cases, and found a
relationship between deletion load over 70% and short
TTFT and OS [9]. In another study aiming to reveal the
cause of clinical heterogeneity in cases with Del(13q),
significant differences were found in the expressions of
some genes and some microRNAs that affect apoptosis and proliferation in cases with a deletion rate above
80%. It has also been stated that gene expression patterns
of cases with high del(13q) could be similar to those of
deletion 11q and 17p cases [17]. When we reviewed the
literature data, we observed that the cut off values determined for deletion burden varied (65.5–90%). In our
study, we determined three different cut off values as 60,
70 and 80%. When we investigated whether there was a
difference between the groups below and above the cutoff values in terms of TTFT and disease stage, it was
found that the TTFTs of the cases with del(13q) above
80% cut-off values were significantly shorter and a relationship between deletion rate above 80% and receiving
treatment was shown. In line with all these data, genetic
analysis results in CLL cases should be evaluated not only
with del(13q), but also by considering the deletion burden. The results of our study suggest that it is important
to evaluate the del(13q) burden as a prognostic marker.
RB1 gene is a tumor suppressor gene located in the
13q14 band on the 13th chromosome. Retinoblastoma
protein (pRB) is a tumor suppressor protein that controls
the G1/S checkpoint of the cell cycle. Loss or mutation
in the RB1 tumor suppressor gene; contributes to the
development of many cancers, including cancers such as
breast, bone, lung and bladder [18]. In a study conducted
with CLL patients in 2008, type 2 del(13q) was found to
be associated with high Rai stage and aggressive clinic [6].
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In 2011, Parker et al. found RB1 deletions to be associated with disease progression [8]. In another study, while
RB1 deletions were found to be associated with short
OS, no relationship was found with TTFT [19]. In later
microarray studies, type 2 deletions were found to be
associated with short TTFT [10, 20]. However, there are
some studies stating otherwise, where RB1 deletions to
be associated with TTFT and OS were not found [21, 22].
As a result of the data obtained in our study, no clinical
difference was found regarding RB1 gene deletion positive and negative cases in terms of TTFT, disease stage,
and whether or not they received treatment. Therefore,
our study support that RB1 gene deletions have no prognostic effect.
However, as we mentioned above, Dal Bo et al. who
found that 13q deletion load above 70% was associated
with short TTFT and OS, stated that deletion size and
deletion load should be evaluated together. In their study,
it was reported that if del(13q) was below 70% and type
1, it had a good prognostic effect, if the deletion burden
was above 70% (type 1 or 2) or less than 70% but type 2
deletion was associated with short TTFT [9]. In addition, in the studies of Huang et al. only RB1 gene deletion
was evaluated and no significant relationship was found
between RB1 gene deletion and TTFT and OS. However,
the deletion load being higher than 60% and the presence
of RB1 gene deletion were found to be associated with
short TTFT [23]. In our study, when the deletion burden
and RB1 gene deletion were evaluated together, it was
found that RB1 gene deletions had no prognostic effect.
Ouillette et al. detected the frameshift mutation of
RB1 in 2 of 53 cases with type II 13q deletions [19]. It
is also known that copy neutral loss of heterozygosity
(Uniparental disomy) occurs in the 13q14 chromosome
region [21]. RB1 null (made by mutations, epigenetic
mechanisms etc.) may cause clinical heterogeneity. The
deficiency of our study is that RB1 mutations were not
examined. We are planning to perform mutation analyzes
including the RB1 gene and microarray analyzes in the
continuation of the study in the future.
There are conflicting data in the literature about the
effect of deletion type on the clinical heterogeneity of
cases with isolated del(13q). A study conducted in 2008
suggested that biallelic 13q deletions were associated with
more aggressive clinical presentation (high disease stage,
high lactate dehydrpgenase level, short TTFT) and that
biallelic deletions may have developed from monoallelic
13q deletions by clonal evolution [24]. In 2012, Orlandi
et al. found that biallelic deletions were found to be associated with short TTFT and binet C phase. However,
they stated that the deletion type cannot be defined as an
independent prognostic factor, since biallelic dell3q cases
also had a high deletion burden [16]. In another study
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conducted with 323 isolated del(13q), it was reported
that the deletion type had no effect on TTFT and OS
[14]. In another study investigating the prognostic effect
of deletion type in 176 isolated del(13q) CLL patients,
no difference was observed between the biallelic and
monoallelic del(13q) groups in terms of TTFT and disease stage [25]. As a result of our study, it was observed
that the biallelic deletion type did not have an effect on
TTFT, β2 microglobulin level and disease stage, whether
treatment was received or not. However, as a result of the
statistical analysis investigating the relationship between
deletion type and disease stage, as the p value was 0.05,
it was thought that a significant relationship could be
found between biallelic 13q deletion and high RAI stage
by increasing the number of cases (Table 4). In our study,
the number of biallelic del(13q) cases were 6 (3%), and
they all showed a mosaic biallelic deletion pattern with
monoallelic clones. It has been found in the literature
that the biallelic deletion rates (mosaic and/or nonmosaic) vary between 5.5 and 39% [14, 16, 24, 25]. In addition, unfortunately, the disease stage information of the
eight cases was not found in our study.
In conclusion, based on the data of our study, it was
concluded that high deletion burden was associated with
short TTFT in del(13q) CLL cases, but RB1 deletion and
deletion type did not have a prognostic effect. Considering the literature data, it is observed that there are conflicting data among the studies investigating the cause of
the clinical heterogeneity of CLL cases with del(13q). It is
concluded that further studies with larger case series are
needed to clarify the cause of this heterogeneity.

Materıal and methods
To investigate the cause of clinical heterogeneity in CLL
patients with isolated deletion 13q, sixty-eight CLL cases
with isolated 13q deletion (68 men, 28 women; mean age
675,970 ± 9.44 years) were enrolled. These patients were
previously examined by FISH test for ATM, TP53, 13q14
deletions and trisomy 12 between 2006 and 2019 and
were found to be positive for 13q14 deletion and negative
for other anomalies. The diagnosis of CLL was based on
the finding of peripheral lymphocytosis of 5 × 109/L presenting the CD19, CD5, CD23 phenotype and kappa or
lambda monoclonality.
This study was conducted according to the guidelines
that were decelerated in the Declaration of Helsinki, and
approved by the Clinical Practice Ethics Committee.
Each individual provided signed consent form.
Sample preperation

Peripheral blood (PB) samples from 68 CLL cases with
isolated 13q deletion were directly cultured for in RPMI1640 medium without mitogen stimulation. After the
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planting, standard harvest procedure (0.075 M KCl treatment and fixation with Carnoy’s fixative) was performed
immediately.
Slide pretreatment and FISH

Slides were prepared by dropping cell suspensions onto
frozen microscopic slides and then left to dry overnight
at room temperature before use.
In the FISH analysis probe; RB1 Deletion Probe (Cytocell); for RB1 gene region and 13qter as a control for
chromosome 13 were used.
FISH was performed according to manufacturer’s
specifications. Probes were denatured at 73 °C ± 1 °C for
5 min and then they were applied immediately to the previously determined regions of the slides. Following overnight hybridization at 37 °C, post hybridization washes
were performed and air-dried in darkness. The slides
were counterstained by using DAPI (4′-6′-diamidine2-phenylindole) and were stored at − 20 °C in the dark.
Also, in the previous FISH study, D13S319 Plus Deletion Probe (Cytocell) (part of DLEU1 gene and DLEU2
gene and the D13S319 and D13S272 markers, LAMP1
gene and 13q subtelomere) targeting the 13q14 region
was used.
Microscopy

Slides were analyzed with Olympus BX61 fluorescence
microscope and images captured with a CCD camera
using image analysis system (CytoVision Leica Biosystems). At least 200 nuclei using areas of the slides on
which the cells were spread were analyzed. The cut-off
points for positive values were determined for each probe
from five bone-marrow samples collected from individuals with iron deficiency anemia.
The cut-off values for each probe are as following:
D13S319 Plus Deletion Probe 8%, RB1 Deletion Probe
10%.
Statistical analysis

RB1 deletion, deletion type and deletion burden were
compared with clinical features using Fisher’s exact test
and Kruskal–Wallis rest. TTFT was defined as the time
from diagnosis to date of initial treatment or last follow up. The association between TTFT and RB1 deletion, deletion burden and deletion type were evaluated
by Kaplan–Meier method. For these analyses, Statistical
Packege for the Social Sciences version 25 was used. For
all tests, p < 0.05 was regarded statistically significant.
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