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Abstract

We have analyzed patients with previously untreated chronic lymphocytic leukemia with del11q 

fluorescence in situ hybridization (FISH) abnormality (n = 196) in this study. Detection of the 

11q22.3 used a multicolor FISH technique. Patients with del11q fell into two major FISH subsets

—sole del11q (n = 64) and del11q with del13q (n = 132). FISH subsets were compared using the 

median del11q FISH% (>58%, high vs. ≤58%, low). Overall survival (OS) and time to first 

treatment (TTFT) were estimated using Kaplan–Meier plots (log rank). Multivariate analysis was 

performed to assess the association between FISH% of del11q and outcomes. Patients with sole 

del11q were similar to del11q with del13q in terms of TTFT and OS. Patients with high FISH% of 

del11q had significantly shorter OS and TTFT as compared with patients with low FISH%, 

particularly in sole del11q; this negative impact of high FISH% of del11q on OS and TTFT was 

diminished with coexistent del13q. In multivariate analysis, high FISH% of del11q was a 

significant predictor for shorter OS and TTFT. A comparison of these del11q subsets with a 

separate cohort of (n = 673) previously untreated patients with sole del13q showed that the high 

FISH% del11q cohort had a significantly shorter TTFT and OS. In addition, bulky disease by 

physical examination or computed tomography imaging was infrequent at presentation in patients 

with del11q. High FISH% of del11q can reliably discriminate higher risk patients with chronic 

lymphocytic leukemia. Presence of coexistent del13q should be accounted for while 

prognosticating patients with del11q.
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Introduction

The relevance of fluorescence in situ hybridization (FISH) is well established in the 

prognostication of patients with chronic lymphocytic leukemia (CLL) [1]. Recently, gene 

expression profiling [2], next generation sequencing [3,4], array comparative genomic 

hybridization [5], and single nucleotide polymorphism array [6] techniques have been used 

to interrogate genomic disturbances and mutations in CLL. The relevance of treatment in 

driving clonal evolution in CLL is also being recognized [3]. FISH-based prognostication is 

still the most widely used method for cytogenetic risk stratification in patients with newly 

diagnosed CLL. The clinical significance of chromosomal aberrations detected by FISH in 

patients with CLL was reported in 2000 [7]. The del11q aberration is regarded as a “high 

risk” prognostic marker in patients with CLL [8–13]. Chemoimmunotherapy produces high 

response rates in patients with del11q, but progression-free survival is shorter than that seen 

in patients without a del11q or del17p [14,15]. In addition, studies have reported that 

patients with del11q have bulky lymphadenopathy, a factor that could lead to earlier 

treatment [8,16]. There are various mechanisms by which del11q aberrations may promote 

CLL cell growth. These include mutations of the ATM gene [17–19], genomic instability 

due to ATM mutations and disruptions [20–22], modifications in the adhesion molecules 

and cell signaling receptors [23], increased TCL1 expression [24], insulin receptor 

overexpression [25,26], spliceosome (SF3B1) mutations [27], other gene expression [28–

31], and phosphorylated histones [32].

The current FISH hierarchical model does not account for the prognostic influence of 

coexistent FISH abnormalities or percentage of positive cells (FISH%). It is unclear whether 

del13q, which is the most common coexistent FISH abnormality in patients with del11q, has 

any influence on the prognosis of these patients.

Here, we report on the clinical characteristics (including the incidence of bulky disease at 

presentation) of patients with del11q, the impact of coexistent del13q, and the prognostic 

relevance of FISH% of del11q in a cohort of 196 previously untreated patients.

Methods

Data were obtained from a cohort of previously untreated CLL patients (n = 210) with 

del11q FISH abnormality who presented to our institution between the years 2003 and 2012. 

All patients provided informed consent as per the declaration of Helsinki and University of 

Texas, MD Anderson Cancer center (MDACC) institutional review board approved protocol 

for retrospective chart review. del11q was determined from bone marrow aspirate or 

peripheral blood by FISH at the time of initial presentation to MDACC. The median time 

from the outside diagnosis to initial presentation to MDACC was similar across various 

patient subgroups (Supporting Information Table I). Locus-specific probes for ATM 

(11q22.3), S13S319 (13q14.3), LAMP1 (13q34), TP53 (17p13.1) as well as the centromeric 

region of chromosome 12 (12p11.1–q11) were used. Baseline clinical characteristics of all 

patients with del11q are shown in Table I. Because the majority of patients with del11q have 

coexistent del13q, we divided the patients into two subsets—sole del11q (n = 64) and del11q 
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with coexistent del13q (n = 132). These two subsets (n = 196) were analyzed for patient 

outcomes. Clinical features of these two del11q subsets are shown in Supporting 

Information Table II. Because the number of patients with other FISH aberrations coexistent 

with del11q was very low, the following patients were excluded from this analysis: eight 

patients having del11q with +12; three patients having del11q with del17p; and three 

patients having del11q, del13q with +12. We compared the del11q subsets using the 

percentage of cells positive on FISH (FISH%). To identify the optimal cutoff of del11q 

FISH%, we used recursive partitioning (RP). Patients with FISH% >79.7 and >71.2 had a 

significantly increased risk of early treatment and death (see Supporting Information Figs. 1 

and 2). Because the two groups (high vs. low) were found to be highly imbalanced when 

using the optimal cutoff value by RP analysis and because the results were similar when 

using median as the cutoff value, we chose the median as the cutoff for del11q FISH% for 

all analyses (>58%, high vs. ≤58%, low). A separate cohort of previously untreated patients 

with CLL and a sole del13q (n = 673) was compared with patients with del11q for time to 

first treatment (TTFT) and overall survival (OS). Similar to del11q FISH%, the median was 

chosen as the cutoff for sole del13q (>50.5%, high vs. ≤50.5%, low). Both the cohorts 

(del11q and del13q) presented during the same time period.

Bulky disease at initial presentation was assessed by physical examination (PE) (defined as 

any node/nodal mass ≥ 5 cm and/or spleen ≥ 6 cm) and/or baseline computed tomography 

(CT) scans (any node/nodal mass ≥ 5 cm and/or spleen ≥ 10 cm in the longest axis) among 

evaluable patients.

For outcomes, TTFT was calculated from the date of initial presentation to MDACC to date 

of starting therapy or last follow-up date, whichever occurred first. OS was assessed from 

the initial presentation to the date of death or date of last follow-up, whichever occurred 

first. Progression-free survival was not evaluated in this study, as we focused only on 

previously untreated patients and FISH data obtained from the time of initial presentation, 

because chemotherapy can promote subclonal evolution. Moreover, majority of the patients 

have received fludarabine, cyclophosphamide, and rituximab (FCR)-based therapy (71%; 

Supporting Information Table III). The Kaplan–Meier method was used to estimate the 

probabilities of TTFT and OS, and subgroup comparisons were made via the log-rank test. 

Univariate Cox proportional hazards regression models were fit for OS and TTFT. A 

stepwise model selection procedure was applied, and a final multivariable Cox model was 

determined for OS and TTFT, respectively. The P-value was considered significant when 

≤0.05. All statistical analyses were conducted using SAS 9.3 or Splus 8.2.

Results

Clinical characteristics of patients with del11q

A total of (n = 196) untreated patients with CLL and del11q FISH abnormality at 

presentation were evaluated (see Table I). The median age was 60 yrs, and the majority was 

men (78%). Median white cell count was 36 K/µL; median absolute lymphocyte count 

(ALC) was 30 K/µL. Only 17% (n = 33) of patients presented with advanced stage (Rai 

stage 3–4) disease. High β2 microglobulin (≥4 mg/L) was seen in 31% of patients (n = 59). 

The majority of patients had an unmutated IGHV (immunoglobulin heavy chain variable 
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region) (n = 129, 89%). High expression of CD38 and Zap-70 was observed in 54% (n = 

104) and 74% (n = 115) patients, respectively. Data on VH gene families were available in 

89 (45%) patients, and an inclination toward a specific VH gene family was not observed 

(data not shown). Data on stereotypy status and NOTCH1, TP53, ATM, SF3B1, XPO-1, and 

BIRC3 mutations were not available. One hundred and fifty-eight (81%) patients eventually 

received therapy. Most (n = 112, 71%) were treated with the FCR regimen, whereas 29% (n 

= 46) received non–FCR-based therapies (Supporting Information Table III).

Characteristics of subsets of patients with del11q

The majority (63%) of patients with del11q had a coexistent del13q abnormality at 

presentation; therefore, to assess the influence of coexistent del13q, we compared del11q 

subsets according to coexistent del13q. Clinical characteristics of patients with sole del11q 

(n = 64) vs. those with coexistent del13q (n = 132) are summarized in Supporting 

Information Table II. Characteristics that were significantly different among patients with 

sole del11q as compared with patients with del11q with del13q were as follows: younger 

age (median age, 58 vs. 61 yrs), lower median white blood cell count (29 vs. 41 K/µL), and 

lower median ALC (24 vs. 34 K/µL) (P ≤ 0.05).

To assess the impact of FISH%, each del11q FISH subset was subdivided into high and low 

using the median value of FISH% as a cutoff (>58% vs. ≤58%) (see Table II). Patients with 

low FISH% were more likely to have a normal diploid karyotype compared with patients 

with high FISH% (73% vs. 42% for sole del11q and 67% vs. 37% for with coexistent 

del13q).

Bulky disease at initial presentation (by PE or imaging by CT scan)

Based on two reports with limited numbers of patients with del11q (43 and seven patients) 

[8,16] and ill-defined criteria for bulky disease, it is generally thought that patients with 

del11q present with bulky disease. We analyzed data obtained from PE findings or CT scan 

imaging (neck, thorax, and abdomen) at the time of presentation. Moreover, we used 

specific criteria for defining bulky disease (see Methods section). Bulky disease by PE (n = 

210) or by CT scan imaging (n = 111) was infrequent across all del11q FISH subsets. A 

higher proportion of patients with sole del11q and high FISH% had bulky disease (18%) as 

compared with low FISH% (6%). Bulky disease by PE was infrequent even when previously 

used criteria [10] (>3 cm) were applied.

Analysis of time to event variables among patients with del11q (overall and subsets)

Among all 196 patients (sole del11q and del11q with del13q), 30 patients have died. Seven 

patients died in the watch-and-wait phase (three other cancers, two unknown, one 

respiratory failure, and one due to sepsis), whereas 23 patients died after treatment: four 

with Richter’s transformation, six of unknown cause, three with secondary acute myeloid 

leukemia, two due to post-transplantation complications, three due to progressive disease, 

and five from other comorbidities. The median OS has not been reached; median follow-up 

time is 62 months (range, 0.7–122 months). Overall, 158 (81%) patients have received 

treatment (71% with an FCR-based regimen and 29% with non–FCR-based regimen). The 

median TTFT was 7.8 months (95% CI: 2.5–12.2 months).
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We then analyzed TTFT among the del11q FISH subsets. The median TTFT was not 

different between those with sole del11q and del11q with del13q (4.5 vs. 10.3 months, P = 

0.56) (Fig. 1A). When TTFT was compared based on median FISH% (high vs. low), 

patients with sole del11q and high FISH% had significantly shorter TTFT (P = 0.02; Fig. 

1B). The median TTFT values were 1.7 months (95% CI: 0.67–10.8 months) vs. 19.10 

months (95% CI: 1.7–37 months) in high vs. low FISH%, respectively (summarized in 

Supporting Information Table IV). Patients with del11q and del13q were not significantly 

different based on median FISH% (Fig. 1C). Table III shows the univariate and multivariate 

analysis of factors predicting TTFT. In the multivariable Cox model, predictors of shorter 

TTFT included higher WBC count, bulky disease by PE, Rai stage 3 or 4 disease, and high 

FISH% of del11q. High FISH% del11q retained statistical significance when an optimal 

cutoff value of 71.25 was used (Supporting Information Fig. 1 and multivariate analysis (not 

shown)).

We next assessed whether coexistent deletion 13q had any influence on OS. Figure 2A 

shows that there was no significant difference between the OS of the two FISH subsets (sole 

del11q, n = 64 vs. del11q with del13q, n = 132). Median OS was not reached in either group 

(summarized in Supporting Information Table IV). When patients with sole del11q were 

compared based on FISH% (high vs. low), patients with high FISH% (>58%) had a 

significantly inferior OS (P = 0.02; Fig. 2B). The median OS was 75 months, with a 95% CI 

of 65.2—not estimable in the high FISH% group; the median OS was not reached in the low 

FISH% group. Patients with del11q and del13q were not significantly different in OS, based 

on median FISH% (Fig. 1C). Patients with sole del11q with high FISH% had significantly 

inferior OS as compared with patients with del11q with del13q with high FISH% (P = 0.02) 

(not shown). Table IV shows the univariate and multivariate analyses of factors predicting 

OS. In multivariate analysis, shorter survival was associated with older age, higher 

expression of CD38, and high FISH% (sole del11q). Furthermore, high FISH% del11q 

retained statistical significance after using an optimal cutoff value of 79.75 (Supporting 

Information Fig. 2 and multivariate analysis (not shown)).

Comparison of time to event variables among patients with del11q subsets and sole 
del13q aberration

After comparing the TTFT and OS between the two del11q FISH subsets (sole del11q and 

coexistent del13q) and impact of del11q FISH%, we compared TTFT and OS of del11q 

FISH subsets with a separate cohort of (n = 673) previously untreated patients presenting 

with sole del13q (Fig. 3A–F), and the results are summarized in Supporting Information 

Tables III and IV. Median follow-up time for patients with sole del13q was 52.3 months 

(range, 0–218 months). TTFT was significantly shorter in patients with del11q (all FISH 

subsets) as compared with patients with sole del13q (P < 0.0001; Fig. 3A). Within each 

subgroup of patients with high or low median FISH%, respectively, the TTFT was 

significantly shorter in del11q FISH subsets as compared with sole del13q (P < 0.0001; Fig. 

3B,C). When comparisons were made to OS, del11q FISH subsets (sole del11q and del11q 

with del13q) had a shorter OS compared with sole del13q (P = 0.04; Fig. 3D). OS in patients 

with high FISH% in sole del11q was significantly inferior as compared with high FISH% in 

coexistent del13q and sole del13q (P = 0.002; Fig. 3E). Among patients with low FISH%, 
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OS was not significantly different among the three groups, but very few events had occurred 

in any group (Fig. 3F). These results were more significant when the three groups (sole 

del11q, with coexistent del13q, and sole del13q) were compared based on optimal cutoff 

values of FISH% obtained from RP method (see Supporting Information Fig. 3).

Discussion

Among the various molecular and cytogenetic techniques, FISH-based prognostication is 

still the most widely utilized for initial risk stratification in patients with CLL. The FISH 

hierarchical model was initially proposed in 2000 [7]. Among the 325 (treated and 

untreated) patients with CLL studied, 268 (82%) exhibited a FISH abnormality. del11q was 

detectable in 58 (18%) patients, second in frequency only to del13q. Sole del11q was seen in 

19 of 58 (33%) patients. Information from this model and studies reported before [8,9,12,20] 

and after 2000 [10,16] indicated that the del11q FISH category identifies patients with high-

risk CLL and that they often have bulky disease. However, it is of note that most of these 

studies were limited by small numbers of patients with sole del11q, a mixed patient 

population (untreated and treated patients), lack of del11q subset analysis, and 

demonstration of bulky disease by ill-defined criteria [8–12]. In this study, we have focused 

on analysis of 196 previously untreated patients with CLL and del11q at initial presentation.

Contrary to previous reports, we found that bulky disease (PE and/or CT scans) was 

infrequent in patients with del11q at initial presentation. Although no uniform guidelines 

exist to define “bulky disease” in CLL, the criteria used in our analysis for defining bulky 

disease by PE (splenomegaly > 6 cm) are similar to those included under the indications for 

treatment in the 2008 International Working Group of CLL guidelines [33] (except that 

lymph node > 5 cm is considered as bulky disease in this analysis). This criterion for bulky 

disease (lymph node > 5 cm) was used in another study [34] and in our previous report on 

66 patients with del11q [14]. Another study reported bulky disease (lymph node > 7 cm) by 

CT scan in 11 of 77 patients with CLL [35].

Clinical features of patients with del11q reported in our study were similar to those in 

previous reports [10,14]. Patients with del11q have high frequencies of associated del13q 

(63%), unmutated IGHV, and overexpression of CD38 and Zap-70. Patients were analyzed 

based on del11q FISH categories: sole del11q vs. del11q with del13q. Other FISH 

abnormalities such as del17p were uncommon with del11q at the time of initial presentation. 

These results are similar to those of another analysis, where among the 2,184 patients only 

1% of patients showed a coexistent del11q with del17p [36]. We further divided these 

del11q FISH categories based on median FISH% of del11q (high and low). Of note, patients 

with sole del11q and high FISH% (>58%) had a higher incidence of complex karyotype as 

compared with those with low FISH%.

We then looked at the impact of coexistent del13q on TTFT and OS. Both TTFT and OS 

were not significantly different between the two FISH subsets (Figs. 1A and 2A). 

Nonetheless, patients with sole del11q and high FISH% were distinct in having shorter 

TTFT and OS as compared with those with low FISH% (Figs. 1B and 2B). Marasca et al. 

[10] reported that FISH% (>25%) predicted for significantly inferior TTFT but not worse 
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OS. In their study, patients with sole del11q vs. those with del11q and del13q were not 

compared; in addition the reason for a cutoff of 25% was unclear (the median FISH% 

reported was 52%). Similarly, another analysis (abstract form) showed that patients with a 

higher copy number of del11q ≥ 40% had a significantly shorter TTFT and OS [37]. The 

subdivision of the FISH subsets was important, as we have shown that the negative effect of 

high FISH% on OS was absent in the presence of coexistent del13q.

Moreover, high FISH% was a predictor for shorter TTFT and OS in multivariate analysis 

(Tables III and III). Of note, by RP, we identified an optimal cutoff for FISH% for TTFT 

and OS (71.75% and 79.75%, respectively) dividing the patients into high vs. low FISH% 

(Supporting Information Figs. 1–3). The reasons for choosing median FISH% as a cutoff 

were as follows: using optimal cutoffs provided an imbalanced population and results using 

median FISH% were similar to those obtained with optimal cutoffs.

Our findings suggest that there is an interaction between del13q and del11q. Although these 

results are clinically relevant, questions with regard to the molecular biology, i.e., interactive 

mechanisms of Rb gene, length of 13q deletion and ATM deletions, and novel mutations 

such as those in SF3B1 and BIRC3, are beyond the scope of our study.

Finally, we compared patients with del11q and a separate cohort of previously untreated 

patients with CLL and sole del13q (n = 673). The TTFT was significantly inferior in all 

del11q categories (Fig. 3A–C). The OS was shorter in patients with del11q (Fig. 3D). When 

the OS was compared based on FISH%, patients with sole del11q with high FISH% had 

shorter OS, whereas this difference was not observed in patients with low FISH% (Fig. 

3E,F). However, few deaths have occurred in those arms; so, the follow-up may be too short 

to detect differences. A limitation of this study is the median follow-up of 62 months and 

fewer events, which may limit a robust analysis of OS. The relevance of the median FISH% 

should be validated at other centers.

In summary, our data provide novel insights on the clinical relevance of the del11q FISH 

category. The majority of previously untreated patients with del11q do not have bulky 

disease at the time of presentation. We have shown that patients with sole del11q and high 

FISH% have a shorter TTFT and OS. We propose that coexistent del13q and FISH% should 

be accounted for at the time of initial presentation when analyzing patients with del11q. We 

conclude that the highest risk status for del11q FISH category may be restricted to patients 

with sole del11q and high FISH%.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
(A–C) Analysis of time to first treatment (TTFT) in previously untreated CLL patients with 

del11q FISH subsets (sole del11q and del11q with del13q, n = 64 and n = 132, respectively) 

and median FISH% del11q. (A) Median TTFT was 4.5 and 10.3 months in sole del11q and 

del11q with del13q, respectively, and was not significantly different (P = 0.56). (B) Median 

TTFT was significantly shorter in patients with high FISH% (>58%) as compared with those 

with low FISH% (≤58%) in sole del11q: 1.7 vs. 19.1 months (P = 0.02). (C) Based on FISH

%, TTFT was not significantly different among patients with del11q with del13q (P = 0.12). 

[Color figure can be viewed in the online issue, which is available at 

wileyonlinelibrary.com.]
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Figure 2. 
(A–C) Analysis of impact of coexistent del13q on overall survival (OS) in previously 

untreated CLL patients with del11q FISH subsets (sole del11q and del11q with del13q, n = 

64 and n = 132, respectively). (A) Median OS was not reached (NR) in either group (P = 

0.45). (B) Median OS was significantly shorter in patients with high FISH% (>58%) as 

compared with those with low FISH% (≤58%) in sole del11q: NR months vs. NR (P = 

0.02). (C) Based on FISH%, OS was not significantly different among patients with del11q 

with del13q (P = 0.25). [Color figure can be viewed in the online issue, which is available at 

wileyonlinelibrary.com.]
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Figure 3. 
(A–F) Comparison of TTFT and OS among del11q FISH subsets (sole del11q and del11q 

with del13q) with a cohort of untreated CLL patients with sole del13q (n = 673). Time to 

first treatment (TTFT) is compared among sole del11q (n = 64), del11q with del13q (n = 

132), and sole del13q (n = 673). (A) Median TTFT was significantly shorter in del11q FISH 

subsets compared with sole del13q cohort: 4.5, 10.3, and 73.5 months, respectively (P < 

0.0001). (B, C) Median TTFT was significantly shorter in del11q FISH subsets as compared 

with sole del13q, with respect to FISH%. Subgroup of patients with high FISH% (>58% for 

del11q subsets and >50.5% for sole del13q) and low FISH% (≤58% for del11q categories 

and ≤50.5% for sole del13q) are shown (P < 0.0001 for high and low FISH% subgroups). 

(D) OS was significantly different among the three groups (sole del11q, del11q with del13q, 

and sole del13q). Median OS was not reached (NR) in all the three groups (P = 0.04). (E, F) 

Median OS was significantly shorter in sole del11q with high FISH% when compared with 

coexistent del13q and sole del13q with high FISH% (P = 0.002). Within low FISH% 

patients, OS was not significantly different among the three groups (P = 0.13). [Color figure 

can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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TABLE I

Baseline Characteristics of Patients With del11q Aberration (n = 196)

Variable Median (range) n (%)

Age (yrs) 60 (26–86) 196 (100)

WBC (K/µL) 36 (3–786) 196 (100)

% Lymphocytes 85 (23–99) 196 (100)

ALC (K/µL) 30 (0.8–732) 196 (100)

Gender

  Female 42 (21)

  Male 154 (78)

CD38 (%)

  Missing 2

  CD38 low (<30%) 90 (46)

  CD38 high (≥30%) 104 (54)

Zap-70 (%)

  Missing 42

  Low (<20%) 40 (26)

  High (≥20%) 115 (74)

β2 microglobulin (mg/L)

  Missing 7

  Low (<4) 130 (69)

  High (≥4) 59 (31)

Rai stage

  Missing 4

  0 29 (15)

  1 102 (53)

  2 28 (14)

  3 16 (8)

  4 17 (9)

Bulky disease by PEa

  Negative 176 (90)

  Positive 20 (9)

Bulky disease by CTb

  Missing 94

  Negative 83 (81)

  Positive 19 (19)

IGHV mutation

  Missing 52

  Mutated (>2%) 15 (10)

  Unmutated (<2%) 129 (89)

FISH categoriesc

  Sole del11q 64 (30)

Am J Hematol. Author manuscript; available in PMC 2016 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jain et al. Page 14

Variable Median (range) n (%)

  del11q with del13q 132 (63)

Other cancers 42 (21)

No. of subsequently treated patients 158 (81)

a
Bulky disease by physical examination (PE) = any node/nodal mass ≥5 cm and/or spleen ≥6 cm.

b
Bulky disease by CT scan = any node/nodal mass ≥5 cm and/or spleen ≥10 cm in the longest axis.

c
Conventional karyotype data included (diploid, n = 85; complex, n = 38; del11q, n = 30; with del17p, n = 1; and not done or inadequate sample, n 

= 42).
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TABLE III

Univariate and Multivariate Cox Proportional Hazard Model for Time to First Treatment (TTFT) for Patients 

With del11q FISH Abnormality (n = 196); del11q FISH% Based on Median

Variable HR (95% CI) P-value

Univariate

Age (yrs) 0.99 (0.98–1.01) 0.28

Log(WBC) 1.68 (1.45–1.96) <0.0001

Lymphocyte (%) 1.03 (1.01–1.04) <0.0001

Log(ALC) 1.51 (1.32–1.71) <0.0001

β2 microglobulin 1.19 (1.11–1.28) <0.0001

Male vs. female 1.00 (0.68–1.46) 1.00

CD38, high vs. low 1.48 (1.09–2.01) 0.01

Zap-70, high vs. low 1.18 (0.79–1.75) 0.42

Bulky disease (PE), yes vs. no 4.21 (2.54–7.00) <0.0001

Bulky disease (CT), yes vs. no 2.55 (1.51–4.33) 0.0005

Rai stage, 3, 4 vs. 0, 1, and 2 2.02 (1.40–2.92) 0.0002

FISH subset, sole del11q vs. del11q with del 13q 1.10 (0.79–1.53) 0.56

FISH 11q%, >58% vs. ≤58% 1.58 (1.16–2.17) 0.004

Multivariate

Log(WBC) 1.63 (1.37–1.93) <0.0001

Bulky disease (PE), yes vs. no 3.56 (2.03–6.27) <0.0001

Rai stage, 3, 4 vs. 0, 1, and 2 1.77 (1.17–2.66) 0.006

FISH 11q%, >58% vs. ≤58% 1.67 (1.20–2.32) 0.002
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TABLE IV

Univariate and Multivariate Cox Proportional Hazard Model for Overall Survival (OS) for Patients With 

del11q FISH Abnormality (n = 196); del11q FISH% Based on Median

Analysis HR (95% CI) P-value

Univariate

Age (yrs) 1.05 (1.00–1.09) 0.01

Log(WBC) 0.86 (0.61–1.21) 0.39

Lymphocyte (%) 1.00 (0.98–1.02) 0.94

Log(ALC) 0.89 (0.68–1.18) 0.43

β2 microglobulin 1.27 (1.05–1.53) 0.01

Male vs. female 1.11 (0.43–2.90) 0.83

CD38, high vs. low 2.56 (1.18–5.56) 0.02

Zap-70, high vs. low 0.75 (0.33–1.71) 0.49

Bulky disease (PE), yes vs. no 1.82 (0.70–4.73) 0.22

Bulky disease (CT), yes vs. no 1.21 (0.41–3.63) 0.73

Rai stage, 3, 4 vs. 0, 1, and 2 2.38 (1.09–5.20) 0.03

FISH subset, sole del11q vs. del11q with del 13q 1.33 (0.64–2.76) 0.45

FISH 11q%, >58% vs. ≤58% 1.19 (0.58–2.44) 0.64

Multivariate

Age (yrs) 1.05 (1.02–1.09) 0.006

CD38, high vs. low 3.12 (1.35–7.20) 0.008

aFISH 11q%, >58% vs. ≤58% 4.29 (1.12–16.36) 0.03

a
In FISH subset (sole del11q).
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