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Abstract

Among prognostic factors for chronic lymphocytic leukemia (CLL), immunoglobulin heavy chain
variable region (IGHV) mutation status and DNA analysis appear to be the most important.
However, there is limited clinical outcome information for patients with the favorable-risk
del(13q) and poor-risk unmutated IGHV. We retrospectively screened all patients with CLL at our
institution between 2004 and June 2010 for del(13q) who also had an IGHV analysis. Unmutated
IGHV was found in 38/79 patients; age, Rai stage, prior therapy, and time to evaluation were
similar to those for patients with mutated IGHV. Unmutated patients were nearly four times more
likely to harbor additional chromosomal aberrations compared to mutated patients (p < 0.001).
During a median follow-up of 4.5 years, unmutated patients were more likely to demonstrate Rai
stage progression (69% vs. 31%, log-rank p < 0.001) and to receive treatment (5-year cumulative
probability of treatment: 65% vs. 32%, p < 0.001). Patients with unmutated CLL also had a shorter
overall survival (5-year survival probability: 72% vs. 100%, p < 0.001). When limiting analysis to
the 47 patients with del(13q) as a sole chromosomal abnormality, the 13 (28%) unmutated patients
were more likely to demonstrate Rai progression (p < 0.001), to receive treatment (P = 0.02), and
to have a shorter overall survival (P= 0.13) than the 34 mutated patients. These data suggest that
del(13q) conveys an indolent course only in patients with IGHV-mutated CLL.
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Introduction

Patients with chronic lymphocytic leukemia (CLL), the most common adult hematologic
cancer, exhibit heterogeneous survival rates [1]. Moreover, CLL clinical grading systems
poorly predict overall survival and disease aggressiveness, especially in patients with early-
stage disease [2-4]. As the catalysts that lead to disease progression remain unidentified
[5,6], molecular and genetic evaluations are used to predict clinical outcomes [7,8].

Based on results from the array of currently available laboratory studies of CLL prognostic
factors [9-13], immunoglobulin heavy chain variable region (IGHV) mutation status [14,15]
and interphase fluorescence /n situ hybridization (FISH) DNA analysis appear to be the most
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important independent predictors of outcome [4,6,16]. In their landmark analysis, Dohner et
al. reported a median survival of 2—3 years for patients with del(17p) CLL, while patients
whose CLL carried a del(13q) as sole chromosomal abnormality had a median survival of
133 months, with nearly one-third of patients not requiring therapy [5]. However, there are
limited prognostic data regarding patients who harbor both favorable and poor prognostic
risk features [17,18]. In Krober et al’s subset analysis of 167 patients with del(13q) CLL
carried out in 2002, approximately 50% had an unmutated IGVH status. However, event-
free and overall survival in this subset was not performed [17]. Accordingly, we found that
many of our patients with del(13q) CLL requiring intervention exhibited a low IGHV
mutation percentage. We hypothesized that a low IGHV mutation percentage, despite the
presence of a del(13q), would predictably confer an aggressive CLL course. Therefore, we
retrospectively analyzed the influence of IGHV mutational status on clinical outcome in
patients with CLL harboring a del(13q).

After Institutional Review Board approval (NA_00028739), we retrospectively screened all
patients with CLL evaluated at our institution between 2004 and June 2010 for either
homozygous del(13q) or heterozygous del(13q). At our center, standard laboratory practice
for patients with CLL is to perform interphase FISH DNA analysis and IGHV mutational
status analysis; however, all clinical evaluations are at the discretion of the attending
physician. This report analyzes all patients identified with del(13q) on their initial FISH
evaluation, who also had an IGHV sequence homology analysis. Many of these patients
were already being followed before 2004, the date that IGHV mutation status became
available at Johns Hopkins, and are included in the study.

FISH and IGHV analyses

All FISH was performed at a single reference laboratory by interphase analysis using probes
for 6 centromere (cen)/6g23.3 (CMYB), 11cen/ 11922.3(ATM), 12cen/12g15 (MDM2),
13914 (D13S319)/13g34(LAMP1), 17cen/17p13.1 (p53), and 1113 (CCND1-XT)/14q32
(IGH-XT). The 95% cut-off for homozygous del(13q) and duel del(13q) was 7.0% and
1.5%, respectively. All IGHV mutation analyses were performed at a single reference
laboratory using cycle sequencing analysis. An IGHV non-homologous sequence of <2%
was defined as unmutated (low mutational status), and an IGHV non-homologous sequence
of 22% was defined as mutated (high mutational status) [14,15,19,20,21].

Statistical methods

Characteristics of patients by mutation status were compared using Wilcoxon rank-sum tests
for continuous measurements and Fisher’s exact test for categorical measurements. Odds
ratios from logistic regression models that adjusted for time from diagnosis to FISH analysis
were used to determine whether the proportion of patients with additional chromosomal
changes was different between mutation groups. Overall survival was calculated as the time
from diagnosis to death or last known follow-up. Treatment-free survival was calculated as
the time from diagnosis to treatment or last known follow-up at which the patient had not
received treatment. Rai 3, 4, or Richter progression was calculated as the time from
diagnosis to date of first progression for patients who had been Rai 1 or 2 at diagnosis.
Patients currently alive or treatment-free were censored on 15 June 2010. Event-time
distributions were estimated by the Kaplan—-Meier method and compared by log-rank test.
All analyses were completed using statistical software R version 2.11.1.
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Between 2004 and June 2010, FISH studies were performed on 196 patients with CLL, and
94 (48%) had a del(13q). Of these 94 patients, 79 (84%) also had an IGHV mutational
percentage calculated and were selected for analysis. The median time from diagnosis to last
follow-up for these patients was 4.5 (range 0-22) years. Of the 79 patients with CLL with
both a del(13q) and IGHV analysis, 38 (48%) were unmutated and 41 (52%) were mutated.
The median age at diagnosis of the unmutated patients was 58 (range 27-81) years,
compared to a median age of 56 (range 31-71) years in mutated patients. Both groups had a
similar stage distribution at diagnosis, with a documented Rai stage <2 in 33/38 (92%) and
34/41 (83%) unmutated and mutated patients, respectively (p = 0.225). The median time to
first evaluation at Johns Hopkins for CLL was similar in both groups (p = 0.94), with over
75% in each group being treatment-naive at the time of this consultation (p=0.79). The
median time between diagnosis and first FISH analysis was 1.4 (range 0-10.2) years in the
unmutated group and 2.2 (range 0-21.4) years in the mutated group (p= 0.41) (Table I).

Unmutated patients are more likely to have additional adverse cytogenetic abnormalities

Thirteen of 38 (34%) unmutated patients had del(13q) as a sole chromosomal aberration on
their initial FISH examination, compared to 34/41 (83%) of mutated patients. Twenty-five
of 38 (66%) unmutated patients had additional abnormalities, including 15/38 (39%) with an
11q deletion and 8/38 (21%) with a 17p deletion, compared to only 7/41 (17%) mutated
patients with additional chromosomal changes, including 3/41 (7%) with 11q deletion and
1/41 (2%) with a 17p deletion. Mutated patients were significantly less likely than
unmutated patients to have additional adverse changes at diagnosis, regardless of the length
of time between diagnosis and FISH analysis, including 11q (odds ratio = 0.09, 95%
confidence interval [CI] 0.02-0.4, p< 0.001), 17p (odds ratio = 0.10,95% CI 0.01-0.88,p=
0.01), and either 11q or 17p (odds ratio = 0.07, 95% CI 0.02-0.24, p< 0.001).

Serial FISH analyses were not routinely performed during follow-up. Only 12 (32%)
unmutated patients had repeat testing. Interestingly, two of these patients acquired a
del(17p) and one patient acquired a del(11q). In contrast, none of the seven (17%) mutated
patients who underwent repeat FISH analyses developed additional chromosomal
abnormalities during follow-up.

Unmutated patients are more likely to show Rai stage migration

Rai stage progression was more common in the unmutated patients than in the mutated
patients (69% vs. 31%, log-rank p < 0.001), as was progression to either Rai stage 3/4
disease or Richter transformation (53% vs. 22%, log-rank p = 0.005), with one of the
mutated patients undergoing a Richter transformation 21 years after diagnosis; 32 (78%)
mutated patients remained Rai stage 2 or less (Table 1, Figure 1).

Unmutated patients are more likely to receive treatment and have shorter survival

No patient died without first receiving CLL treatment. For the entire group, the median time
to treatment was 2.7 (range 0-18.8) years and the cumulative probability of receiving
treatment (CPT) at 5 years was 48%. The most common reasons for treatment initiation
were either bulky adenopathy or progression to an advanced Rai stage. Among the
unmutated patients, the median time to treatment initiation was 2.0 (range 0-8.8) years and
their CPT at 5 years was 65%. Six unmutated patients underwent allogeneic transplant, of
whom three have died and three remain disease-free at 9, 18, and 21 months. In contrast,
among the mutated patients, the median time to treatment initiation was 3.8 (range 0.1-18.8)
years and their CPT at 5 years was 32% (log-rank p < 0.001) (Table 11, Figure 2).
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The probability of overall survival (OS) at 5 years was 86% for the entire group. The median
survival for the unmutated patients was 11.2 years, with a 5-year OS probability of 75%. For
mutated patients, the median survival was not reached, and the 5-year OS probability was
100% (log-rank p < 0.001). Two patients in the mutated group underwent allogeneic
transplant, and both are alive and disease-free, although one is only 60 days post-transplant
(Table I11, Figure 3). All 12 patients died from CLL disease progression.

Unmutated IGHV remains poor prognostic factor when del(13q) is sole chromosomal

abnormality

When limiting analysis to patients with del(13q) as their sole chromosomal aberration, 13/47
patients had an unmutated and 34/47 patients had a mutated IGHV (Table V). In the
unmutated group, during a median of 5.0 (range 0.0-13.0) years after diagnosis, nine (75%)
had stage progression, seven (54%) to Rai >3 disease including a Richter transformation,
and in the mutated group, during a median of 5.0 (range 0.4-22) years after diagnosis, 12
(41%) had stage progression, with eight (24%) progressing to Rai =3 disease including a
Richter transformation (Table V).

In the unmutated group, treatment was initiated in 9/13 (69%), including two allogeneic
transplants, and two have died (one of whom was transplanted). The unmutated, del(13q)-
only group had a CPT at 5 years of 60%, compared to 31% in the mutated group (log-rank
p=0.02). Thirteen of the 34 (38%) mutated patients with del(13q) as sole abnormality have
received treatment, including two allogeneic transplants. Only one death in the mutated-CLL
group has occurred (non-transplanted patient). The OS at 5 years in the del(13q)-only group,
unmutated versus mutated, was 79% vs. 100%, respectively (p= 0.13) (Table II, Figure 3).
Also, although multiple FISH analyses were not routinely performed, it is intriguing that
cytogenetic progression occurred twice in the sole del(13q), IGHV-unmutated cohort and
not in the patients with mutated IGHV.

Discussion

Cytogenetic abnormalities [5], usually determined by FISH because of the low proliferative
rate of CLL, and IGHV mutational status [6,14,19-21] appear to be the most important
independent prognostic factors in this disease. IGHV mutational status and cytogenetics also
commonly track with one another: 17p deletions and 11q deletions are associated with an
unmutated IGHV, while del(13q) is associated with a mutated IGHV [17,20]. However,
there are limited data regarding the 25-50% of patients with CLL who harbor a del(13q)
together with an unmutated IGHV [17,18]. As in previous reports [17], we found that nearly
50% (38/79) of our patients with del(13g) CLL had an unmutated IGHV. The incidence
decreased to 28% (13/47) when limiting del(13q) as a sole abnormality to unmutated
disease, similar to other reports in such patients [17,20]. Conversely, when limiting analysis
to patients with CLL with multiple cytogenetic abnormalities on first FISH examination,
most (25/32 or 78%) had unmutated disease.

In this cohort of patients with del(13q) CLL, the median time to treatment initiation was
significantly shorter in unmutated patients. Further, only a single death occurred in patients
with mutated IGHV, while nearly a quarter of the patients with low mutational IGHV died at
less than 5 years of median follow-up. Importantly, the aggressive phenotype associated
with del(13qg) and unmutated IGHV was not limited to those with additional poor-risk
chromosomal aberrations; in fact, the median time to treatment and overall survival were
similar in unmutated patients with 13q deletion as sole abnormality and in those with
additional cytogenetic abnormalities. Although the IGHV mutational status does not change
during disease evolution [1], the cut-off for the degree of IGHV sequence homology that
separates unmutated and mutated disease is arbitrary [14,19,22]. While the most commonly
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used cut-off for non-homology is <2%, some authors have used 3% [17] or even 5% [23].
Using these other percentage cut-offs to distinguish between mutated and unmutated disease
did not significantly alter our findings (data not shown). When limiting analysis to patients
with mutated IGHV, 34/41 (83%) had del(13q)-only disease and 7/41 (17%) suffered
additional chromosomal abnormalities. No difference was observed in respect to age at
diagnosis, stage at presentation, maximum Rai stage, or ever receiving treatment
(Supplementary table).

A retrospective analysis of patients seen at a large tertiary referral facility has the potential
for substantial selection bias, including that patients with more aggressive disease may be
more likely to be referred. Despite a slightly younger age at diagnosis compared to a
community practice, the individuals in this analysis do not represent an advanced,
chemotherapy-refractory group, and clearly the patients with mutated IGHV had excellent
outcomes. Nearly 80% of the patients had not received prior therapy for CLL, including
76% (29/38) of the unmutated and 80% (33/41) of the mutated patients. Moreover, two-
thirds of both the mutated and unmutated patients presented to our center with Rai stage 0 or
1 disease (Tables I and 1V).

Although del(13q) in CLL is generally considered to correlate with a favorable prognosis,
these findings suggest that this association may only be true for patients with a mutated
IGHV: del(13q) as the sole abnormality or in combination with other chromosomal
aberrations did not convey an indolent course for our patients with CLL with an unmutated
IGHV. These data suggest that both IGHV mutational status and cytogenetics should be
assessed in patients with CLL. The ultimate prognostic and therapeutic implications of
IGHV mutational status in patients with CLL with a del(13q) require further prospective
studies.
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Figure 1.

Cumulative probability of progression to Rai 3/4 or Richter transformation: (A) all patients;
(B) all patients by IGHV mutation status; (C) del(13q)-only patients by IGHV mutation
status.
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Characteristics of patients with del(13q) CLL, overall and by IGHV mutation percentage.

Table |

All patients

IGHV <2%

IGHV 22%

(n=79) (n=38) (n=41) p—VaIue*
Age at diagnosis, median (range) 57 (27, 81) 58 (27, 81) 56 (31, 71) 0.58
Stage at diagnosis, 77 (%)
Rai 0 30 (42) 14 (39) 16 (46) 0.23
Rai 1 26 (37) 15 (42) 11 (31)
Rai 2 11 (15) 4(11) 7 (20)
Rai 3 3(4) 3(8) 0(0)
Rai 4 0(0) 0 (0) 0 (0)
Richter 1(1) 0 (0) 1(3)
Unknown 8 2 6
Time from diagnosis to initial JHU consultation 0.4 (0,16.1) 0.6 (0,7.6) 0.3(0, 16.1) 0.94
(years), median (range)
Stage at initial JHU consultation, 77 (%)
Rai 0 28 (36) 12 (32) 16 (39) 0.18
Rai 1 25 (32) 13 (35) 12 (29)
Rai 2 11 (14) 3(8) 8 (20)
Rai 3 7(9) 6 (16) 1(2)
Rai 4 6 (8) 3(8) 3(8)
Richter 0(0) 0(0) 1(2)
Unknown 1 1 0
Received treatment prior to JHU consultation
No 62 (78) 29 (76) 33(80) 0.79
Yes 17 (22) 9 (24) 8(20)
Time from diagnosis to FISH (years), median 1.6(0,21.4) 1.4(0,10.2) 2.2(0,21.4) 0.41
(range)
Sole del(13q), 7 (%)
No 32 (41) 25 (66) 7(17) <0.001
Yes 47 (59) 13 (34) 34 (83)
Trisomy 12, 171 (%)
No 77 (97) 37 (97) 40 (98) >0.99
Yes 2(3) 1(3) 1(2)
del(6q), 77 (%)
No 74 (94) 34 (89) 41 (100) >0.99
Yes 4 (5) 4(11) 0 (0)
del(11q), 77 (%)
No 61 (77) 23 (61) 37 (90) <0.001
Yes 18 (23) 15 (39) 4(10)
del(17p), 17 (%)
No 70 (89) 30 (79) 40 (98) 0.01
Yes 9 (11) 8 (21) 1(2)

del(11q) or del(17p), 17 (%)
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All patients  IGHV <2% IGHV >2%

(n=79) (n=38) (n=41)  p-Value®
No 52 (66) 15 (39) 36 (88) <0.001
Yes 27 (34) 23 (61) 5(12)

*
p-Value: Fisher’s exact test or Wilcoxon rank-sum test for differences in variables between mutation groups.

Page 11

CLL, chronic lymphocytic leukemia; IGHV, immunoglobulin heavy chain variable region; JHU, Johns Hopkins University; FISH, fluorescence in

situhybridization.
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Table Il

Overall clinical events of patients with del(13g) CLL from time of diagnosis to last follow-up, overall and by
IGHV mutation percentage.

All patients  IGHV <2%  IGHV >2%
(n=79) (n=238) (n=41) p-Value

Time from diagnosis to last follow-up (years), median (range) 4.5 (0-22) 45 (0-13) 4.3(0.4-22) 0.14%

Maximum Rai stage, /7 (%)

Rai 0 15 (19) 3(8) 12 (30) NAT
Rai 1 16 (21) 7(18) 9(22)

Rai 2 18 (23) 8(21) 10 (25)

Rai 3 8 (10) 8(21) 0 (0)

Rai 4 17 (22) 10 (26) 7(18)

Richter 4(5) 2(5) 2(5)

Unknown 1 0 1

Rai progression, 77(%)

“ 35 (49) 11 (31) 24(89)  <p0017
Yes 36 (51) 25 (69) 11 (31)
Unknown 8 2 °

Rai 3/4 or Richter at any time, 77 (%)

No 48 (62) 18 (47) 32(78) 0.005%
Yes 30 (38) 20 (53) 9(22)
Unknown 1 0 0

Ever received CLL treatment, 77 (%)
No 39 (49) 13 (34) 26 (63) <0.0017%

Yes 40 (51) 25 (66) 15 (37)

*
p-Value: Fisher’s exact test or Wilcoxon rank-sum test for differences in variables between mutation groups.
fMaximum Rai stage is time-dependent per patient and a formal comparison between groups was not done,

’tpVaIue: log-rank tests for differences in time-to-event outcomes between mutation groups.

CLL, chronic lymphocytic leukemia; IGHV, immunoglobulin heavy chain variable region.
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Table IV
Characteristics of del(13q)-only patients by IGHV mutation status.

1duasnue Joyiny vd-HIN

del(13q)-only IGHV IGHV 22% .
patients (n = 47) <2% (n = 13) (n=34) p-Value

Age at diagnosis, median (range) 58 (33, 74) 60 (34, 74) 57 (33,71) 0.31
Stage at diagnosis, 7 (%)

Rai 0 18 (38) 4 (33) 14 (48) 0.47

Rai 1 17 (36) 6 (50) 10 (34)

Rai 2 4(9) 18 4(14)

Rai 3 1(2) 1(8) 0(0)

Rai 4 0(0) 0 (0) 0(0)

Richter 1(2) 0 (0) 1(3)

Unknown 6 1 5
Time from diagnosis to initial JHU consultation 0.3 (0, 16.1) 0.2(0,4.4) 0.4 (0,16.1) 0.3
(years), median (range)
Stage at initial JHU consultation, 77 (%)

Rai 0 18 (39) 4(33) 13 (38) 0.22

Rai 1 17 (37) 4(33) 11 (32)

Rai 2 4(9) 1(8) 5 (15)

Rai 3 3(7) 3(25) 1(3)

Rai 4 3(7) 0 (0) 3(9)

Richter 1(2) 0(0) 1(3)

Unknown 1 1 0
Received treatment prior to JHU consultation

No 40 (85) 12 (92) 28(82) 0.66

Yes 7 (15) 1(8) 6 (18)

1duasnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Time from diagnosis to FISH (years), median (range) 2.5(0.0,21.4) 15(0.1,10.2) 3.3(0,21.4) 0.26

*
p-Value: Fisher’s exact test or Wilcoxon rank-sum test for differences in variables between mutation groups.

IGHV, immunoglobulin heavy chain variable region; JHU, Johns Hopkins University; FISH, fluorescence /n situ hybridization.

Leuk Lymphoma. Author manuscript; available in PMC 2013 October 04.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Gladstone et al. Page 16

Table V

Clinical events of del(13q)-only patients from time of diagnosis to last follow-up, overall and by IGHV
mutation percentage.

All patients  IGHV <2%  IGHV >2%
(n=47) (n=13) (n=34) p-Value

Time from diagnosis to last follow-up (years), median (range) 5.0 (0, 22) 5.0(0,13) 5.0(0.4,22) 0.48%

Maximum Rai stage, /7 (%)

Rai 0 11 (24) 1(8) 10 (30) NAT
Rai 1 12 (27) 2 (15) 9(27)

Rai 2 9 (20) 3(23) 6 (18)

Rai 3 3(7) 3(23) 0 (0)

Rai 4 10 (21) 3(23) 6 (18)

Richter 2(4) 1(8) 2(6)

Unknown 1 0 1

Rai progression, 77(%)

No 22 (51) 3(25) 19(61) <0017
Yes 21 (49) 9 (75) 12 (39)
Unknown 4 1 3

Rai 3/4 or Richter at any time, 77 (%)

No 31(67) 6 (46) 25 (76) 0.01%
Yes 14 (33) 7 (54) 8 (24)
Unknown 1 0 1

Ever received CLL treatment
No 25 (53) 4(31) 21(62) 0.02%
Yes 22 (47) 9 (69) 13 (38)

*
p-Value: Fisher exact test or Wilcoxon rank-sum test for differences in variables between mutation groups.
fMaximum Rai stage is time-dependent per patient and a formal comparison between groups was not done.

’tpVaIue: log-rank test for differences in time-to-event outcomes between mutation groups.

IGHV, immunoglobulin heavy chain variable region; CLL, chronic lymphocytic leukemia.
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