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A higher percentage of cells with 13q deletion predicts worse
outcome in Chinese patients with chronic lymphocytic leukemia
carrying isolated 13q deletion
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Abstract

Previous studies showed that, in chronic lymphocytic leukemia (CLL) patients with isolated 13q deletion (13q-), those carrying
higher percentage of leukemic cells with 13g- had more aggressive diseases. However, the prognostic value of the percentage of
leukemic cells with 13g- in Chinese CLL patients with isolated 13- remained to be determined. Using interphase fluorescence in
situ hybridization (FISH), we identified 82 patients (25.4%) with isolated 13q deletion from a cohort of 323 untreated CLL
patients. Among patients with isolated 13q deletion, cases of 13qg- cells >80% (13q-H) had significantly shorter time to first
treatment (TTT) than those of < 80% 13q- cells (13g-L) (median 11 vs. 92 months, p =0.0016). A higher lymphocyte count (p =

0.0650) was associated with 13q-H, while other clinical, immunophenotypic, or molecular features did not differ between
patients with 13q-H and 13g-L. Although 13g-H only showed marginal significance in multivariate analysis of TTT (hazards
ratio 2.007; 95% confidence interval 0.975-4.129; p=0.059), it helped refine the risk stratification based on Binet stage or
immunoglobulin heavy chain variable gene (IGHV) status. In cases in Binet A or B stage, patients with 13q-H had a significantly
shorter TTT (median TTT 18 months vs. undefined, p =0.0101). And in IGHV mutated patients, 13q-H was also associated with
reduced TTT (median TTT 13g-H. 18 months vs. 13g-L undefined, p =0.0163). In conclusion, the prognosis of CLL patients
with isolated 13q deletion was heterogeneous with 13q-H identifying patients with worse outcome.
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Introduction

Chronic lymphocytic leukemia (CLL) is the most prevalent
leukemia in adults in western countries [1]. CLL has a highly
variable clinical course, with some patients progressing rapid-
ly within several months of diagnosis and others living with-
out treatment for years [2]. The study by Doéhner et al. has
proposed a hierarchical model of classification of CLL pa-
tients based on cytogenetics [3]. Isolated 13q deletion (13g-)
is the most common cytogenetic aberration detected by fluo-
rescence in situ hybridization (FISH) with favorable progno-
sis. However, more aggressive diseases with shorter time to
first treatment (TTT) and worse overall survival (OS) can be
seen in CLL patients with higher percentage of cells harboring
13q14 deletion in recent reports [1, 4-6]. However, in these
studies, TP53, SF3B1, and NOTCH1 mutations were not in-
vestigated. Moreover, it remains unclear whether or not the
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negative impact of higher percentage of 13g- cells could be
attributed to its association with other prognostic factors.

CLL is relatively rare in Asians [7]. Previous studies re-
vealed that Chinese patients with CLL displayed different
clinical and molecular features from CLL patients in western
countries [8, 9]. A prospective multicenter study reported that
13q- was the most frequent cytogenetic abnormality (47.6%)
in Chinese patients with CLL, which was also associated with
early stage disease [10]. One study from our center demon-
strated that patients with isolated 13q- had significantly better
outcome than others [11]. However, whether the percentage of
leukemic cells with 13g- has a clinical impact in Chinese
patients with isolated 13q- is still elusive. In this study, we
systemically described the frequency of 13q- as well as isolat-
ed 13g- in a cohort of untreated patients with CLL in China;
further, the prognostic role of the percentage of cells with 13q-
and its relationship to other prognostic markers were exam-
ined in patients with isolated 13q-.

Materials and methods
Patients

Three hundred twenty-three patients with CLL diagnosed be-
tween January 2001 and April 2017 who have available pre-
treatment cytogenetic statuses [del (13ql14), +12, del
(11g22.3) and del (17p13)] from the First Affiliated hospital
of Nanjing Medical University were included in this study.
The diagnosis of CLL was established based on the
International Workshop on CLL-National Cancer Institute
(IWCLL-NCI) [12]. Among 323 patients, 198 (61.3%) re-
ceived treatments for CLL with 91 being treated immediately
after diagnosis, and 107 received treatments during follow-up.
The most common first-line regimens included fludarabine
and cyclophosphamide (N =41; 20.7%); chlorambucil (N=
38; 19.2%); fludarabine, cyclophosphamide and rituximab
(N =32; 16.2%), and bendamustine (N =24; 12.1%), and
other regimens were summarized in supplemental Table 1.
All the samples were collected prior to treatment. Follow-up
data were retrieved from medical records or by interviewing
(directly or by phone) the patients, their family members, or
their physicians in the local hospitals.

Fluorescence in situ hybridization (FISH)

Interphase FISH was analyzed in peripheral blood (PB)/bone
marrow (BM) samples using commercially available probes for
del (13q14), + 12, del (11g22.3), and del (17p13), and the re-
sults were interpreted following Dohner H' hierarchical model
[3]. The methods and probes used for FISH analysis of our
study have been described elsewhere [9, 13]. The probes includ-
ed LSI ATM for detection of del (11g22.3), CEP12 (centromere
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12) for detection of + 12, LSI D13S319 for detection of del
(13q14), and LSI p53 for detection of del (17p13) with the
cutoffs for positivity 7.7, 3.0, 10, and 5.2%, respectively.

Analyses of NOTCH1, SF3B1, and TP53 mutations
and IGHV gene sequencing

Sanger sequencing of TP53 (exons 4-9), NOTCHI1 (pest do-
main), and SF3B1 (exons 14—16) was conducted as previously
described [9, 13]. Sequence analysis of IGHV was performed
as previously reported and germline IGHV was defined as >
98% germline homology [8].

Immunophenotyping

Immunophenotyping of CD38 and ZAP70 was performed as
previously described [1, 14]. The cutoffs for CD38 positivity
and ZAP-70 positivity were 30 and 20%, respectively.

Statistical analysis

The Student’s # test or Mann-Whitney U test was carried out to
compare continuous variables between two groups.
D’ Agostino-Pearson omnibus normality test was used to exam-
ine if the values came from Gaussian distribution. If the values
passed normality test, we used Student’s ¢ test, or Mann-Whitney
U test was used. Categorical variables were compared by
Fisher’s exact test. Survival was defined as time from diagnosis
until death or last follow-up. TTT was calculated as time from
diagnosis until first treatment. Survival curves were constructed
using Kaplan-Meier method and log-rank test was used for com-
parison. Multivariate analysis was done by multivariate Cox
model. All statistical analyses were performed using Graphpad
Prism 6 (GraphPad Software, San Diego, CA) software, SPSS
(version 19.0) software (IBM Corporation, Armonk, NY, USA),
and Microsoft Office 2010 software for Windows. p values were
two-sided, and p < 0.05 was defined as significant.

Results

Clinical and biological characteristics of CLL patients
carrying 13qg-

The clinical characteristics of the 323 patients are summarized
in Table 1. There was a predominance of males (67.2%), and
the median age was 61 (range 16-92 years), and the the me-
dian follow-up was 45.0 months (interquartile range [IQR]
24.0-70.0 months). According to the Binet clinical staging
system, 140 (43.8%) patients were in Binet A, 97 (30.3%) in
Binet B, and 83 (25.9%) in Binet C.

Using 10% as the cutoff for 13q-, we identified 122 patients
(37.8%) with 13q-. Eighty-two patients (25.4%) had 13q- as
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Table 1 Clinical and laboratory characteristics of CLL patients at
diagnosis
Variables
Age (years)* 61 (16-92)
Male 217 (67.2%)
Binet stage (n =320)
A 140 (43.8%)
B 97 (30.3%)
C 83 (25.9%)

Absolute white blood cell count (x 10°/L)
Absolute lymphocyte count (x 10%/L)
Hemoglobin (g/L)
Platelet count (x 10°/L)
[32-microglobulin (mg/L)
LDH (U/L)
CD38 positive (n =318)
ZAP70 positive (n=299)
Unmutated IGHV (n =290)
CLL-IPI (n =268)
0-3 151 (56.3%)
4-10 117 (43.7%)

29.5 (2.1-524.5)
23.5 (0.5-506.7)
127.0 (43.0-173.0)
140 (10-477)

3.12 (0.95-15.80)
203 (99-3776)
85/318 (26.7%)
117/299 (39.1%)
126/290 (43.4%)

CLL, chronic lymphocytic leukemia; LDH, lactate dehydrogenase; IGHY,
immunoglobulin heavy chain variable gene; CLL-IPI, CLL-international
prognostic index

#Median and range are reported for continuous variables

the sole cytogenetic aberration, while 40 patients (12.4%) had
13g- accompanied by other cytogenetic abnormalities (10
cases had a 11q deletion, 13 had trisomy 12, and 27 showed
17p deletion). In ten cases with 13q-, three aberrations were
identified. 17p deletion, 11q deletion, and + 12 were detected
in48 (14.9%), 38 (11.8%), and 65 cases (20.1%), respectively.
No aberrations were found in 116 (35.9%) cases. In 82 cases
with isolated 13g-, 66 cases had data describing monoallelic
or biallelic loss of 13q. In the 66 patients, 7 patients (10.6%)
displayed biallelic 13qg- including 5 cases showing both
biallelic 13g- and monoallelic 13g-.

The clinical and laboratory characteristics were compared
between patients with isolated 13g- and non-isolated 13q-.
Absolute white blood cell count (p=0.0037), absolute lym-
phocyte count (p =0.0023), and lactate dehydrogenase (p =
0.0005) were significantly higher in patients with non-isolated
13g-, when compared with those with isolated 13g- (Table 2).
Patients with non-isolated 13q- showed higher (32-
microglobulin level, although without statistical significance
(p=0.0541). TP53 mutation (p < 0.0001), NOTCH1 mutation
(p=0.0425), and unmutated IGHV (p = 0.0004) were less fre-
quent in patients with isolated 13q-. Based on CLL-
international prognostic index (CLL-IPI), CLL with non-
isolated 13q- were remarkably enriched with low-risk or
intermediate-risk patients (p <0.0001). These two groups of

patients did not differ in other clinical or laboratory features. In
cases with isolated 13q-, baseline features were also compared
between cases with monoallelic 13g- and those with biallelic
13g-. Cases with biallelic 13q- displayed a higher percentage of
13- than those with monoallelic 13g- (80 vs. 50%, p=0.0127),
and these two groups did not show significant differences in
other baseline characteristics (Supplemental Table 2).

CLL patients with a higher percentage of isolated
13g- cells have a shorter TTT

X-title analysis conducted to determine the prognostic impact
of the percentage of cells with 13q- on TTT identified 80% as
a cutoff. Based on this cutoff, these cases could be divided into
two groups with 19/82 (23.2%) patients having a higher per-
centage of isolated 13qg- cells (13q-H) (>80%) and 63/82
(76.8%) having a lower percentage of isolated 13q- cells
(13g-L) (< 80%). Patients with 13q-H had a significant shorter
TTT than those with 13g-L (median TTT 11 vs. 92 months,
p=0.0016, Fig. 1a). However, there was no significant differ-
ence in OS between the two groups (median OS: not reached
vs. 134 months, p =0.5977, Fig. 1b). Moreover, the TTT of
cases with 13g-H was similar to those with 17p- or 11g- (me-
dian TTT 12 months, p =0.9847, Fig. 1c), but shorter than
cases with + 12 or normal karyotype (median TTT 31 months,
p=0.0844, Fig. 1d).

Association of the percentage of 13¢- cells
with clinical, immunophenotypic, and molecular
characteristics of CLL patients with isolated 13¢-

Clinical, immunophenotypic, and molecular data were collect-
ed and were compared between patients with 13g-H and pa-
tients with 13g-L (Table 3). A higher lymphocyte count at
diagnosis (median: 35.8 x 10°/L vs. 19.2 x 10°/L, p = 0.0650)
was associated with higher percentage of cells with 13g-, al-
though the result was not statistically significant (Table 3).
Patients with 13g-H also showed lower platelet counts (median
131 x 10°/L vs. 153 x 10°/L, p = 0.0944). Although more fre-
quent high-risk or very high-risk patients were in cases with
13g-H (33.3% vs. 13.3%, p =0.1219) according to CLL-IPI,
this difference was not of statistical significance. There were no
significant differences between two groups in other clinical,
immunophenotypic, and molecular features.

Univariate analysis and multivariate Cox analysis
of TTT

We then incorporated 13q- percentage, IGHV mutation status,
Binet stage, TP53 mutation, CD38 expression, and ZAP-70
expression into univariate analysis of TTT. We found that 13q-
H, unmutational IGHV, and advanced Binet stage predicted
significantly shorter TTT in patients with isolated 13g-
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Table 2 Association of isolated
13q deletion with clinical,
cytogenetic, and molecular
characteristics of CLL patients

(Table 4). Multivariate Cox analysis revealed that,
unmutational IGHV (p =0.020) and advanced Binet stage

Fig. 1 Patients with 13q-H
showed significantly shorter TTT
(a) but similar OS (b) when
compared to those with 13q-L;
TTT of cases with 13q-H was
similar to those with 11g- or 17p-
(¢) but shorter than those with +
12 or normal karyotype (d). TTT
time to first treatment, OS overall
survival
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Isolated 13g- (n=82)

Non-isolated 13q- (n=40) P

Age (years)
Male
Binet stage

Stage A

Stage B

Stage C
Absolute white blood cell count (x 10°/L)
Absolute lymphocyte count (x 10%/L)
Hemoglobin (g/L)
Platelet count (x 10°/L)
32-microglobulin (mg/L)
LDH (U/L)
CD38 positive
ZAP70 positive
Unmutated IGHV
TP53 mutation
SF3B1 mutation
NOTCHI mutation
CLL-IPI

0-3

4-10

61 (27-84)
53 (64.6%)

45 (54.9%)

19 (23.2%)

18 (22.0%)

27.3 (6.6-218.0)
21.5 (4.4-166.6)
129.0 (58.0-173.0)
147 (12-477)
2.78 (1.10-13.90)
181 (99-389)
17/81 (21.0%)
29/76 (38.2%)
14/74 (18.9%)
4/66 (6.1%)

3/62 (4.8%)

1/61 (1.6%)

49 (81.7%)
11 (18.3%)

60 (32-78) 0.9042
26 (65.0%) 1.0000
16 (41.0%) 0.2997
10 (25.6%)

13 (33.3%)

50.0 (2.6-524.5) 0.0037
41.8 (0.5-506.7) 0.0023
121.0 (47.0-161.0) 0.2638
121 (16-324) 0.4208
3.74 (1.54-12.10) 0.0541
235 (130-3776) 0.0005
14/40 (35.0%) 0.1220
11/39 (28.2%) 0.3100
20/38 (52.6%) 0.0004
13/35 (37.1%) 0.0001
0/32 (0%) 0.5486
4/31 (12.9%) 0.0425
6 (17.1%) <0.0001
29 (80.6%)

CLL, chronic lymphocytic leukemia; LDH, lactate dehydrogenase; /GHV, immunoglobulin heavy chain variable
gene; CLL-IPI, CLL-international prognostic index

(p=0.012) independently predicted shorter TTT, while 13q-
H only showed marginal significance (p = 0.059).
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Table 3 The association of
clinical, immunophenotypic, and Characteristics Isolated 13g->80% (n=19)  Isolated 13q-<80% (n=63) p
molecular features with the
percentage of cells showing 13g- Age (years) 58 (35-80) 61 (27-84) 0.6175
in 82 patients with isolated 13q- Male 12 (63.2%) 41 (65.1%) 1.0000
Binet stage
Stage A 7 (36.8%) 38 (60.3%) 0.1307
Stage B 5(26.3%) 14 (22.2%)
Stage C 7 (36.8%) 11 (17.5%)
Absolute white blood cell count (x 10°/L)  40.8 (8.4-139.7) 23.8 (6.6-218.0) 0.1036
Absolute lymphocyte count (x 10%/L) 35.8 (5.3-124.5) 19.2 (4.4-166.6) 0.0650
Hemoglobin (g/L) 126.0 (58.0-155.0) 130.0 (72.0-173.0) 0.2485
Platelet count (x 10°/L) 131 (12-257) 153 (42-477) 0.0944
{32-microglobulin (mg/L) 3.00 (1.70-5.98) 2.74 (1.10-13.90) 0.3958
LDH (U/L) 179 (99-241) 181 (100-389) 0.7658
CD38 positive 3/19 (15.8%) 14/62 (22.6%) 0.7483
ZAP70 positive 8/17 (47.1%) 21/59 (35.6%) 0.4098
Unmutated IGHV 5/17 (29.4%) 9/57 (15.8%) 0.2885
TP53 mutation 1/17 (5.9%) 3/49 (6.1%) 1.0000
SF3BI1 mutation 1/14 (7.1%) 2/48 (4.2%) 0.5427
NOTCHI mutation 1/14 (7.1%) 0/47 (0.0%) 0.2295
CLL-IPI
0-3 10 (66.7%) 39 (86.7%) 0.1219
4-10 5 (33.3%) 6 (13.3%)

13g-, 13q deletion; /GHV, immunoglobulin heavy chain variable gene; LDH, lactate dehydrogenase; CLL-IPI,
chronic lymphocytic leukemia- international prognostic index

The percentage of 13¢- cells refined
the prognostification of CLL patients with isolated
13¢g-

As unmutational IGHV and advanced Binet stage were inde-
pendent prognostic factors in predicting TTT, we thereby de-
termined if the percentage of 13q- cells could improved the
prognostification of patients with isolated 13q- based on these
two factors. We found that in cases in Binet A/B stage, 13q-H
identified patients with significantly shorter TTT (median TTT
18 months vs. undefined, p = 0.0101, Fig. 2a). Additionally, in

60 cases with mutated IGHV, patients with 13q-H displayed
remarkably shorter TTT, when compared with others. (median
TTT 18 months vs. undefined, p = 0.0163, Fig. 2b).

Discussion

In the past years, several studies have demonstrated that cyto-
genetic changes are closely related to the clinical outcome of
patients with CLL. Cytogenetic aberrations such as loss of
ATM or TP53 genes portend a poor prognosis, while isolated

Table 4 Univariate analysis and
multivariate Cox analysis of TTT
in cases with isolated 13q-

TTT
Variables Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value
Isolated 13q->80% 2.889 (1.497-5.575) 0.002 2.007 (0.975-4.129) 0.059
Unmutated IGHV 3.136 (1.533-6.418) 0.002 2.442 (1.148-5.195) 0.020
Binet B/C 3.658 (1.814-7.378) 0.0003 2.587 (1.232-5.432) 0.012
TP53 mutation 0.444 (0.060-3.277) 0.426 - -
CD38 expression 0.842 (0.380-1.866) 0.671 — —
ZAP-70 expression 0.637 (0.312-1.298) 0.214 — —

TTT, time to first treatment; HR, hazards ratio; CI, confidence interval; /3¢-, 13q deletion; /GHV, immunoglobulin

heavy chain variable gene
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Fig. 2 13g-H identified patients
with significantly shorter TTT in
patients in Binet A/B stage (a) or
IGHV mutated patients (b). TTT
time to first treatment, IGHV im-
munoglobulin heavy chain vari-
able gene

504 '\
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—— Binet A/IB+13q-L (n=52)
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—— |GHV mutated+13q-L (n=48)
. —— IGHV unmutated (n=14)
K
504 *

Percent free from treatment(%) o

0 5‘0 160
TTT (months)

13g- and normal karyotype indicating a good prognosis [3].
However, the clinical course of CLL patients with isolated
13g- was heterogeneous; some patients with sole-13q- do
not require treatment for several years or decades while others
develop aggressive disease with shorter TTT [1, 4-6, 15]. In
our cohort of 323 untreated patients with CLL, the incidence
of 13g- and isolated 13q- was 37.8 and 25.4%, respectively.
Previous studies have shown that, in western countries, 13q-
detected by FISH occurred in more than 50% of patients with
CLL [3, 6, 15, 16], which was more frequent than that of our
cohort. This might be due to more cases in advanced stage in
our cohort (Binet B/C, 56.2%). And isolated 13q- was present
in 14-45% of patients with CLL in previously studies, and the
incidence of isolated 13- in our cohort was within this range.
In patients with isolated 13q-, our study indicated a relation-
ship between higher percentage of cells showing 13g- and
shorter TTT. However, no difference in OS was observed
between the 13q-H group and the 13q-L group, probably
due to relatively short follow-up.

In 2009, in a study of 109 patients, Hernandez et al. report-
ed that patients with isolated 13q- in more than 80% abnormal
cells had a shorter TTT and OS [4]. And the study by Van
Dyke et al. found that patients with >65.5% isolated 13q-
nuclei had a shorter TTT but not OS in a cohort of 323 patients
[6]. Our study further confirmed that patients with more than
80% cells showing isolated 13qg- had a significantly shorter
TTT. Furthermore, we identified a possible association be-
tween a higher lymphocyte count and higher percentage of
cells carrying isolated 13q-, which suggested a higher burden
of neoplastic B cells might contribute to the higher percentage
of leukemic cells showing 13q-. However, Dal Bo et al. found
that there was no correlation between percentage of 13q- cells
and percentage of neoplastic B cells, which argued against this
possible association [5].

The mechanism underlying the heterogeneity of patients
remains to be elucidated. Gene expression profiling revealed
cases with more than 80% cells harboring 13q- and those with
less than 80% displayed significantly different gene expres-
sion, with genes involved in apoptosis and cell cycle arrest
downregulated and proliferation-promoting genes upregulat-
ed [4]. The study by Baliakas et al. revealed that TP53,
NOTCHI, and SF3B1 were mutated in 5.0, 6.5, and 9.9% of
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patients of isolated 13g-, and these gene mutations conferred a
significantly poor prognosis in these patients [17].
Furthermore, incorporation of gene mutations into the
cytogenetics-based model proposed by Dohner et al. refined
the prognostification in CLL [17]. As a result, we analyzed
these mutations in our cohort. The frequencies of each gene
mutation did not differ between patients with 13g-H and cases
with 13g-L, which may be due to the small size of patients
with 13qg- in our study. Additionally, the distribution of IGHV
mutation did not vary significantly between these two groups.
Therefore, the biological factors accounting for the aggres-
siveness of cases with 13q-H remained to be explored.

We also performed multivariate Cox analysis of TTT in
patients with isolated 13q-, which identified advanced Binet
and IGHV mutation status as independent prognostic factors
in predicting TTT. Although the percentage of 13g- only
showed marginal significance as an independent factor, sub-
sequent analysis showed that it can improve the risk stratifi-
cation based on Binet stage or IGHV status, emphasizing it as
a complementary prognostic marker in patients with isolated
13g-.

However, our study had several limitations. This was a
single-center retrospective study and we did not analyze ther-
apeutic implications of the percentage of cells carrying isolat-
ed 13g-. Besides, 13ql4 deletion size, which had potential
prognostic value, was not evaluated in our study.

In conclusion, our results suggest that in patients with CLL
with isolated 13q-, the frequencies of 13g- cells influenced the
clinical outcome, and a higher percentage of abnormal nuclei
carrying 13q- was associated with a shorter TTT and required
treatment rapidly. Our results provide additional value in the
prognosis of CLL. Our findings highlight the importance of
quantification of the number of cells with 13g- in FISH test-
ing. Furthermore, future studies are warranted to better define
the genomic landscape of patients with cells showing isolated
13g- and precisely predict the outcome of these patients.
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