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Abstract

Chronic lymphocytic leukemia remains incurable despite availability of potent 

chemoimmunotherapy regimens. Allogeneic hematopoietic cell transplantation (HCT) is the only 

modality that offers the possibility of cure. To identify predictors of progression-free and overall 

survival, we evaluated outcomes of 43 consecutive patients who received an allograft for 

advanced CLL. The majority received a reduced intensity conditioning regimen (n = 37). Donors 

were HLA matched-related (n = 18), matched-unrelated (n = 15), mismatched-unrelated (n = 7), or 

umbilical cord blood (n = 3). The median progression-free (PFS) and overall survival (OS) were 

31.4 months and 46.4 months respectively. Twenty (46.5%) patients were alive and in complete 

remission at a median follow-up of 31.4 months. NRM was higher than previously published 

series for CLL, likely due to a high burden of comorbidity (22 patients with HCT-CI ≥ 2) and a 

high proportion receiving HLA mismatched-unrelated donor or umbilical cord blood cells. 

Presence of del (11q), del(17p), or progressive disease at HCT are independent predictors of worse 

PFS and OS. New strategies are needed to improve survival outcomes in CLL associated with 

poor risk cytogenetics.
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1. Introduction

Chronic lymphocytic leukemia (CLL) is the most common leukemia in Western countries. It 

is characterized by a variable course, ranging from an indolent to rapidly progressive [1]. 

Chemoimmunotherapy regimens which combine fludarabine, cyclophosphamide and 

rituximab induce objective responses in over 90% of patients treated in the front-line setting 

[2]. For patients with relapsed or refractory disease, novel therapies such as the Bruton’s 

tyrosine kinase inhibitor, ibrutinib, may offer higher response rates than traditional 

chemoimmunotherapy, even in the setting of poor risk cytogenetics [3]. Long-term follow 

up data is not available and it is uncertain whether these or other novel therapies can cure 

patients with high risk CLL [4–7].

Allogeneic hematopoietic cell transplantation (HCT) is the only known treatment modality 

which offers the potential for long term disease-free survival for relapsed/refractory and 

high risk CLL. Allogeneic HCT for patients with relapsed/refractory CLL may improve life 

expectancy compared to conventional chemotherapy or chemoimmunotherapy [8]. 

Moreover, a beneficial graft vs. leukemia (GVL) effect has been described: relapse rates are 

lower in patients with graft-vs.-host disease (GVHD) and donor lymphocyte infusion can 

induce remissions [9–14]. High non-relapse mortality (NRM), up to 40% even in fit younger 

patients, was observed following myeloablative conditioning (MAC) regimens [11,12]. 

More recently, less toxic reduced-intensity conditioning (RIC) regimens have expanded 

applicability of allogeneic HCT [15–19].

Various prognostic factors enable identification of CLL patients with worse anticipated 

outcomes such as CD38 expression, ZAP-70 expression, IgVH mutational status 

(unmutated), and certain genomic aberrations, such as del(11q) and del(17p) [20,21]. These 

factors have been integrated into decision models aimed at identifying subjects likely to 

benefit from hematopoietic cell allografting [22,23]. Here, we present an analysis of risk 

factors associated with outcome of 43 CLL patients who received HCT.

2. Materials and methods

2.1. Study design

Following approval by the Institutional Review Board of the University of South Florida, we 

performed a retrospective review of patients with CLL who received an allogeneic HCT at 

the H. Lee Moffitt Cancer Center between January 2003 and January 2011. Patients with 

any concurrent lymphoid malignancy at the time of transplantation were excluded except for 

those with previously treated Richter’s transformation in remission. All patients signed 

informed consent for inclusion in our long term follow-up database.

2.2. Donor selection

Adult donors were selected following high-resolution/molecular typing for HLA-A, HLA-B, 

HLA-C, and HLA-DRB1. Criteria for cord blood matching followed standard criteria: low-

resolution at HLA-A, and HLA-B and high-resolution at HLA-DRB1. Matched related and 

unrelated donors were defined as those with 8/8 matches at HLA-A, HLA-B, HLA-C, and 

HLA-DRB1.
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2.3. Conditioning regimen, stem cell collection, immunosuppression, and supportive care

Transplant regimens and GVHD prophylaxis were at the discretion of the treating physician 

in concordance with institutional standards [24,25]. All but three patients received G-CSF 

mobilized peripheral blood stem cells. All patients received GVHD prophylaxis, as outlined 

below. Treatment of acute GVHD was provided at the discretion of the treating physician 

and generally consisted of 1–2 mg/kg/day of prednisone or equivalent with taper as 

tolerated.

Post-transplantation G-CSF was administered only for persistent neutropenia beyond day 

+28. All patients received infectious prophylaxis with trimethoprim/sulfamethoxazole (or 

pentamidine in allergic patients) and acyclovir. Cytomegalovirus (CMV) reactivation was 

monitored weekly through day +90 by polymerase chain reaction (PCR) and treated 

accordingly with gancyclovir or fos-carnet. Blood products were administered as per 

institutional policies and current protocols.

2.4. Cytogenetic abnormalities

Conventional chromosome banding was performed on peripheral blood and/or bone marrow 

aspirates, along with fluorescence in situ hybridization (FISH) with probes for the most 

common cytogenetic abnormalities in CLL as per Dohner’s hierarchical group [26]. If FISH 

and/or band cytogenetics were not performed or not available, we considered those patients 

as not evaluable for cytogenetic abnormalities. The CLL FISH panel used in our institution 

included 11q22/ATM, 13q14/D13S319-D13S25, 17p13/TP53 DNA specific probes, 

chromosome 12 centromere probe, and a 14q32/IGH dual color apart probe. A test was 

considered adequate when it included the evaluation of at least 200 nucleated cells per 

probe.

2.5. Endpoint definition

The Hematopoietic Cell Transplant-Co-morbidity Index (HCT-CI) was calculated prior to 

transplant [27]. Acute (aGVHD) and chronic (cGVHD) GVHD were diagnosed and graded 

prospectively as per the Glucksberg grade (aGVHD) and the NIH consensus criteria 

(cGVHD), respectively [28,29]. For pre-HCT disease status, the response to last therapy was 

assessed according to the 2008 International Workshop on Chronic Lymphocytic Leukemia 

(IWCLL 2008) [21]. For post-transplant evaluation the pre-HCT staging data was 

considered as baseline, regardless of response to last therapy before HCT. Disease status 

assessments consisted of a bone marrow biopsy and aspiration as well as CT scans at 3 

months, 6 months and 12 months after HCT. Patients with stable disease (SD) after 

transplant were not considered as progression. OS, PFS, and NRM were calculated from the 

day of stem cell infusion.

For univariate and multivariate analysis the predetermined covariates were: age (≥ 60 vs. 

<60 years old); donor type (MMUD vs. MRD/MUD); status of disease at HCT defined as 

response to pre-HCT therapy by IWCLL 2008 criteria (PD vs. CR/PR/SD) [21]; 

conditioning regimen (pentostatin + busulfan vs. other) [30]; Karnofsky performance status 

(KPS) (≤80 vs. >80); acute GVHD (grade II–IV vs. 0–I); 17p deletion by FISH (present vs. 

absent); 11q deletion by FISH (present vs. absent) [26]; number of distinct chemotherapy or 
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immunotherapy regimens before HCT (≥3 vs. <3 regimens); number of lymph nodes (LN) 

groups enlarged at HCT (≥3 vs. <3 groups); bulky disease at HCT defined as lymph node/

conglomerate nodes >5 cm in greatest dimension (present vs. absent); percentage of bone 

marrow involvement by CLL (≥30% vs.<30%) at HCT; and transplant comorbidity index 

(HCT-CI) (≥1 vs. 0).

2.6. Statistical analysis

Baseline patient characteristics at transplantation were summarized using descriptive 

statistics including mean, median, standard deviation and range for continuous measures and 

proportions and frequencies for categorical measures. OS and PFS were computed using the 

Kaplan–Meier method [31]. The cumulative incidence of relapse and NRM were computed 

using the Gray method [32]. The effect of covariates on OS and PFS was examined using 

the Cox proportional hazards model and the proportional sub-distribution hazards regression 

model by Fine and Gray [33]. The multivariable model was considered for each outcome, 

and the backward elimination method was used to select the final model. A p-value of <0.05 

was considered significant.

3. Results

3.1. Patient and transplant characteristics

Patient and transplant characteristics are summarized in Table 1. Forty-three patients 

received an allogeneic HCT between January 2003 and January 2011 for CLL. Median 

interval from diagnosis to allogeneic HCT was 42.4 (8.9–154.8) months and median time 

from the date of first treatment to allogeneic HCT was 26.9 (2.7–100.9) months. Average 

hemoglobin levels and absolute lymphocyte counts prior to transplant were 12.5 g/dl (7.7–

15.2) and 3 × 103 μL−1 (0.19–28.3), respectively. Two patients (4.7%) had Richter’s 

transformation before HCT but were in complete remission at time of HCT.

Nine patients (21%) received alemtuzumab as CLL therapy prior to transplant, with a 

median time from last alemtuzumab therapy to allografting of 180 days. Eight of the nine 

patients that received alemtuzumab had either 17p deletion, 11q deletion, or both. Three 

patients (7%) received lenalidomide prior to transplant: two as part of a trial evaluating the 

combination lenalidomide and rituximab. The third patient received lenalidomide as single 

agent.

The conditioning regimen for the majority of patients consisted of busulfan and a nucleoside 

analog. Fourteen patients received targeted IV busulfan (daily AUC 3500–6000 μmol min/L 

× 4 days), fludarabine 40 mg/m2 × 4 days and rituximab 375 mg/m2 on days +1 and +8 [34]. 

Sixteen received targeted busulfan on days −4 and −2 (cumulative AUC 16000 micromol 

min/L), pentostatin at 4 mg/m2 IV on days −28, −21, −14,−4 and −3 and rituximab 375 

mg/m2 on days −21, −14, +1 and +8 [30]. Seven patients received fludarabine 25 mg/m2 × 3 

days, and total body irradiation (TBI) of 1320 Gy. One patient received BCNU 300 mg/m2 

on day −6, etoposide 800 mg/m2 on days −5 to −2 and cyclophosphamide 4.8 g/m2 on days 

−5 to −2 (CBV). Three cord blood recipients received fludarabine 25 mg/m2 × 3 days, 

cyclophosphamide 60 mg/kg × 2 days, and total body irradiation (TBI) of 1320 Gy, as did 

one patient who had an adult donor. One patient was conditioned with cyclophosphamide, 
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carmustine and etoposide (CBV) and another with Busulfan and cyclophosphamide (BUCy) 

[35]. Rituximab was administered on day +1 and +8 as part of the conditioning regimen for 

patients that received fludarabine + busulfan. In the case of pentostatin-based RIC regimen 

rituximab was administered as previously described [36]. For patients who received a 

fludarabine plus intravenous busulfan conditioning regimen, rituximab 375 mg/m2 was 

administered on days +1 and +8 post-allogeneic transplantation.

Graft source consisted of G-CSF mobilized peripheral blood stem cells (PBSC) in 40 and 

UCB in 3 patients. The median CD34 dose was 7.67 × 106 (3–14 × 106) cells/kg for adult 

donor recipients. GVHD prophylaxis consisted of tacrolimus and methotrexate (n = 24), 

tacrolimus and mycophenolate (n = 11), tacrolimus and sirolimus (n = 2), cyclosporine and 

methotrexate (n = 1), cyclosporine and mycophenolate (n = 5).

At the time of transplantation, 17 patients had multiple CLL FISH abnormalities as follows: 

17p, 11q and 13q deletions (n = 5); 11q and 17p deletions (n = 1); 17p and 13q deletions (n 

= 6); 11q and 13q deletions (n = 4); 17p and 13q deletions and trisomy 12 (n = 1). Of the 

fourteen patients with single FISH abnormality, one had 17p deletion and four had 11q 

deletion. Eight patients had a normal CLL FISH panel.

3.2. Engraftment and chimerism

For recipients of PBSC grafts, the median time to neutrophil engraftment, the first of three 

consecutive days of an absolute neutrophil count above 500 μL−1, was 17 (8–36) days. 

Median time to platelet engraftment, the first of three consecutive days of a platelet count 

≥20,000 μL−1, with PBSC grafts was 18 (7–56) days. For cord blood transplant recipients, 2 

of 3 died early, before neutrophil and platelet engraftment, and the third achieved neutrophil 

and platelet engraftment at 36 and 56 days, respectively.

Chimerism was determined by polymerase chain reaction of 16 short tandem repeat markers 

in the peripheral blood and whole bone marrow [37]. Median levels of peripheral-blood 

donor CD3, CD33, and whole marrow chimerism at day 30 were 93%, 100% and 93% and 

at day 90 were 96%, 100% and 95% respectively.

3.3. Disease response

At 100 days post HCT, 19/43 (44%) and 14/43 (33%) patients were in CR and PR, 

respectively. At 6 months the CR and PR rates were 58% and 14%, respectively. Thirty-

three patients had less than CR before HCT, of these 21 (64%) achieved CR, 11 patients by 

day 90 and 10 more by day 180. At last follow up, 20 of the 43 transplanted patients (46.5%) 

remained in CR. The relapse risk as calculated by competing risk analysis was 9% at 1 year, 

16% at 3 years, and 22% at 5 years.

3.4. Survival

At the time of analysis the median post allogeneic HCT follow up was 2.6 years (0.7–6.2) 

for survivors, with 47% alive. Median overall survival from the time of diagnosis was 8.5 

years. From the time of transplantation, the PFS and OS by Kaplan–Meier estimate were 

31.3 months and 46.4 months, respectively (Fig. 1). The estimated 3-year PFS and OS were 
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48% and 51% respectively for the entire cohort. Nine patients died of CLL progression. 

Thirteen patients died from treatment related causes, without evidence of progressive 

disease. Five patients died before post-transplant day +100.

The median OS of the 10 patients who had PD going into HCT was 4.8 months (0–12) and 

none were alive at time of last follow up. Six of these patients achieved CR/PR following 

HCT, two of which eventually died of PD and the other four of NRM causes. The other four 

patients with PD at HCT did not achieve PR/CR after HCT and all died with progressive 

disease at or before day +90.

For each 5 years of age, the HR (95% CI) for OS and PFS were 1.59 (1.22–2.27) and 1.58 

(1.13–2.22) respectively. Both of the two patients with prior, but treated, Richter’s 

transformation died, one of PD at day +880 and the other in CR at day +204 of infectious 

complications. The OS for patients treated with alemtuzumab (n = 9) vs. no alemtuzumab (n 

= 34) was 6.8 vs. 55 months (p = 0.005) and PFS was 6.4 vs. 55 months (p = 0.009). The OS 

and PFS were not affected by the HCT-CI when evaluated in different subgroups: HCT-CI 

score 0–1 vs. 2 or more, OS not reached vs. 16.8 months (p = 0.131). A trend toward worse 

OS was observed with HCT-CI score of 3 or more (55 vs. 15 months, p = 0.061). The 

median HCT-CI scores for patients carrying neither, either, or both Del 11q or Del 17p were 

0, 1, and 3 respectively. OS and PFS survival results for patients with or without Del 17p 

and Del 11p are discussed below.

3.5. GVHD and NRM

Grade II–IV acute GVHD was observed in 24 (56%) patients. Of patients surviving beyond 

day 100, incidence of chronic GVHD (any grade) occurred in 55% (moderate/severe = 

24%). Cumulative incidence of NRM at 6 months, 1-year and 5-years was 21%, 33%, and 

49%, respectively (Fig. 1). NRM results for patients with or without Del 17p and Del 11p 

are discussed below.

Overall, thirteen patients had NRM related deaths. Nine died of infectious causes: severe 

fungal infections (6), bacterial sepsis (2), or bacterial pneumonia (1). Seven of these nine 

patients had grade II-IV GVHD at some time before or at the time of death. An additional 2 

patients died of uncontrolled GVHD. One patient died of an intracranial hemorrhage and 

another patient died as a result of a second malignancy (lung cancer).

3.6. Preplanned univariate and multivariate analysis

Univariate analysis results of multiple risk factors are presented in Table 2. The following 

factors were predictive of worse OS: age ≥60 years, progressive disease at time of 

transplantation, use of a MMUD donor, presence of del(17p), and presence of del(11q). 

These same 5 factors were also predictive of worse PFS. By Kaplan Meier estimation the 

median OS was worse for those with del(17p) (6.8 vs. 46.4 months, p = 0.019) and del(11q) 

(7 vs. 55 months, p = 0.0001).

The multivariable models (Table 3) were built using the backward elimination method. 

Variables with a p-value <0.1 in the univariate analysis entered the initial multivariable 

model and remained if p < 0.05. In our model, the following 3 variables were significantly 
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associated with worse OS: progressive disease at transplant (p = 0.003), del(17p) (p = 0.040) 

and del(11q) (p = 0.001). These variables along with a KPS ≤ 80 were also correlated with 

inferior PFS: PD (p = 0.001), del(17p) (p = 0.05), del(11q) (p = 0.003) and KPS ≤ 80 (p = 

0.011).

3.7. Survival results stratified by cytogenetic abnormalities

The Kaplan–Meier estimate for 3-year OS for patients harboring del(17p) vs. non del(17p) 

was 25% vs. 59% (p = 0.02) and 3-year PFS was 27% vs. 54% (p = 0.031) respectively. In 

patients harboring del(11q) vs. non del(11q), 3-year OS was 18% vs. 63% (p = 0.0001) and 

3-year PFS was 0% vs. 66% (p = 0.001). Kaplan Meier curves and Log-rank tests for 17p 

and 11q deletions are shown (Fig. 2).

The presence of del(11q) was significantly associated with worse NRM (HR = 7.75; 95% 

CI: 2.65, 22.60; p = 0.0002). There was a trend for worse NRM in patients with del(17p) 

(HR = 1.92; 95% CI 0.75, 4.89; p = 0.17).

The median OS for sole Del 11q (n = 9), sole Del 17p (n = 9) and combined 11q and 17p 

deletions (n = 6) were 8.3, 9.3 and 5.1 months (p = 0.47) after HCT, compared to a median 

OS for those with neither 11q nor 17p deletions (n = 15) of 55 months (p < 0.0001 by log-

rank test) (Supplemental Fig. 1).

Supplemental Fig. 1 related to this article can be found, in the online version, at http://

dx.doi.org/10.1016/j.leukres.2014.04.006.

The median OS for patients with normal CLL panel FISH cytogenetics (n = 8), single FISH 

abnormality (n = 14) and 2 or more FISH abnormalities (n = 17) were 55, 29, and 6.8 

months, respectively (p = 0.011).

4. Discussion

The effect of cytogenetic risk factors upon allogeneic transplant outcomes for CLL remains 

controversial. This series shows that del(17p), del(11q), and the presence of PD at 

transplant, confer a worse prognosis in patients undergoing allogeneic HCT for CLL. Our 

sample is important because of the number of patients having cytogenetic data available pre-

transplant. Overall survival was 51% at 3 years which is comparable to published series 

[17,38–40], especially considering the higher proportion of CLL cases with adverse risk 

factors in our cohort. The large majority of our patients who were alive at the last follow-up 

remained in sustained CR (95%) which supports the beneficial role of allogeneic HCT as a 

curative approach in CLL.

In addition to del(11q) and del(17p), univariate analysis identified age >60, use of a MMUD, 

and progressive disease at the time of allografting to be associated with worse PFS and OS, 

consistent with findings reported by other studies [17,38,40]. In contrast, the presence of 

bulky adenopathy, number of prior therapies before allogeneic HCT, KPS, and percentage of 

BM involvement did not influence clinical outcomes in our series. While this disassociation 

between advanced disease characteristics and outcome is not unique, it does contrast with 
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some published reports [38]. Moreover, we did not detect a statistically significant 

advantage of a particular regimen.

Published predictive models for transplantation outcomes in CLL patients suggest that less 

than a PR is associated with worse PFS and OS [41,42]. In contrast, in our cohort the 

presence of stable disease (SD) prior to transplantation did not result in worse outcomes 

when compared to patients with CR/PR (data not shown). However, patients with 

progressive disease (PD) had significantly worse PFS and OS in the univariate and 

multivariate analysis (Table 2). It is possible that patients with SD are able to maintain 

steady disease burden until a GVL effect is established, while those with PD are not 

afforded that chance.

We acknowledge limitations when interpreting our multivariate analysis. Although there are 

a large number of factors considered in relation to the number of events, this approach is 

justified because of the controversy regarding cytogenetic risk factors for CLL patients 

undergoing allogeneic transplant.

In our cohort of patients, the presence of 17p and 11q deletions were strong and independent 

negative predictors of worse PFS and OS in multivariate analysis. The median OS and PFS 

were less than a year in both groups of patients when calculated from the time of HCT. 

Published non-randomized data suggest that allogeneic HCT offers longer disease-free 

survival compared to conventional chemotherapy for patients with high risk disease factors 

[43]. Other data show that OS and PFS after HCT are worse for patients with 5 or more 

genetic abnormalities [44]. However, there is no consensus on the effect of specific 

cytogenetic aberrations on allogeneic HCT outcomes. The results presented here conflict 

with some published data, but our cohort has a high percentage of patients with available 

genetic information (91%), and has the highest percentage of patients with high-risk 

cytogenetic abnormalities (70%). A brief comparison of studies evaluating transplant 

outcomes, including cytogenetic features, in CLL patients is warranted.

Dreger et al. reported no association of poor risk genetic abnormalities and OS or PFS in the 

CLL3X trial, while fludarabine-refractory disease and the use of T cell depletion (TCD) 

predicted worse outcomes in a multivariate analysis [38]. The low numbers of patients with 

high risk cytogenetic features in the CLL3X study (13 patients with 17p deletion) prevent 

definitive conclusions regarding how the presence of del(17p) affects HCT outcomes. For 

the whole cohort, CLL3X reported higher 4 year OS (64%) and lower NRM (23%) than 

results in our series at 3 years for OS (51%) and NRM (35%). Direct comparison is 

complicated due to inherent differences in the patient populations and selection criteria. 

Cytogenetic information was only available for 80% of patients in the CLL3X series and 

only a few patients had an advanced HCT-CI ≥ 2 (10% in the CLL3X vs. 55% in our series). 

Furthermore our series included a much higher proportion of patients with 7/8 HLA MMUD 

donors or cord blood sources (23% vs. 2%). These key features likely contributed to the 

differences in outcomes, particularly NRM and overall survival between the two studies.

Brown et al. demonstrated a reduced 2-year PFS in CLL patients with del(17p) or del(11q) 

receiving an allogeneic HCT based on univariate analysis, but this did not hold up on 
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multivariate analysis. 3 year OS and PFS for del(17p) patients were 30% and 11%, similar to 

the 3 year OS and PFS of 27 and 25% in our series [41]. In an expanded long term follow up 

series del(17p) and del(11q) did not significantly impact PFS or OS [42].

Toze et al., demonstrated worse OS for patients with del(17p) (OR: 6.9, p = 0.001); 

however, multivariate analysis did not confirm these results. The presence of del(17p) was 

also associated with a lower probability of achieving a remission after allogeneic HCT [45]. 

An important series from Sorror et al. reported NRM and OS at 5 years of 23% and 50%, 

however 17p and 11q deletions were underrepresented at only 14/82 (17%) of patients [17]. 

The largest series of transplanted del(17p) patients (n = 44) is an evaluation of EBMT 

patients revealing that long term disease free survival was achievable, with a 3 year OS and 

PFS 44% and 37% (n = 44). Direct comparison to patients without high risk cytogenetic 

features was not done [16].

Clearly larger series of prospective data are needed to fully elucidate the effect of these 

genetic abnormalities upon post allogeneic HCT outcomes. It also remains unclear how the 

availability of next generation sequencing will affect pre-transplant risk stratification and 

post-transplant disease response monitoring [46,47].

The data here demonstrate high NRM as compared to other published series. We have 

included death with SD as a NRM event, where alternative studies may have considered 

death with disease as a relapse event. Regardless of cytogenetic status, our patients were 

heavily pretreated and had high-risk features. The worse OS with del(11q) and del(17p) 

were not associated with higher progression as may be expected and Del 11q had a higher 

cumulative incidence of NRM. It is possible that the higher frequency of heavy pretreatment 

(80% of del(11q) patients received more than 3 chemoimmunotherapy regimens before 

proceeding with HCT) might have played a role. This finding argues in favor of considering 

an allogeneic transplant earlier in the disease course for patients with high risk cytogenetic 

features; however these data do not prove that transplanting patients with high risk 

cytogenetics earlier in the disease course would increase survival compared to delayed 

transplant at the cost of higher transplant related NRM. This is especially relevant as 

targeted therapies and antibodies with higher response rates for these patients become 

available.

It is important to note that 8 of 9 patients treated with alemtuzumab before HCT had 17p or 

11q deletion and pre-HCT alemtuzumab therapy was associated with worse OS and PFS by 

univariate analysis. The series by Toze et al. showed worse OS when alemtuzumab was used 

either as part of the conditioning regimen to achieve T cell depletion or as a therapy for CLL 

prior to transplant. This finding was not reproduced in multivariate analysis [45]. Schetelig 

et al. demonstrated worse OS after HCT when alemtuzumab was administered during the 

conditioning regimen but not when it was used for CLL treatment. The multivariate analysis 

showed a worse PFS with the use of alemtuzumab during conditioning [16]. Since this was 

not a preselected variable it was not included in our multivariate analysis. Although 

alemtuzumab is known to deplete T cells, the therapy itself is unlikely responsible for the 

worse outcomes in del(17p) and del(11q) patients since the number of patients treated with 

alemtuzumab was small. Clinical trials have shown that relapse rates and TRM are not 
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increased when alemtuzumab is included in HCT preparative regimens [48], however the 

impact of alemtuzumab on the outcomes after HCT for CLL remains unclear.

The prognostic importance of the HCT-CI for CLL patients undergoing HCT is established 

[49,50]. In our study there was a trend toward worse OS with higher HCT-CI scores, 

although this was not statistically significant. The median HCT-CI scores for patients 

carrying neither, either, or both del(11q) or del(17p) were 0, 1, and 3 respectively. Although 

HCT-CI was not a significant risk factor in the multivariate analysis for OS and PFS, it is 

possible that this is a confounding surrogate marker for a higher NRM in patients with 

del(11q) or del(17p). A larger case–control study with registry data might correct for HCT-

CI and the number and nature of prior therapeutic regimens in the context of cytogenetic 

abnormalities.

Our results show that genetic risk factors predict for worse outcomes following allogeneic 

HCT for CLL. This might be mitigated by earlier referral and transplant for such patients, 

avoiding the increased toxicity and NRM that results from further delaying transplantation. 

Prospective studies should evaluate incorporating novel therapies such as ibrutinib, which 

has proven to induce responses irrespective of the presence of adverse genetic markers such 

as del(17p) or del(11q), in patients being considered for an allogeneic HCT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Overall survival (OS), progression free survival (PFS) and cumulative non-relapse mortality 

(NRM) for the whole cohort.
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Fig. 2. 
Overall survival, progression free survival, and non-relapse mortality stratified by the 

presence or absence of 17p deletion (A, C and E) or 11q deletion (B, D and F).
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Table 1

Patient characteristics.

Number of patients n (%) 43 (100)

Follow-up in months for survivors, median (range)

 From diagnosis 73 (25–178)

 From HCT 31.6 (8–64)

Age, median (range)

 At diagnosis 49 (26–65)

 At HCT 51.5 (35–66)

Gender, male (%) 27 (62.8)

B symptoms, n (%) 8 (18.6)

Karnofsky performance status (KPS), n (%)

 80% or more 27 (62.8)

 Less than 80% 16 (37.2)

HCT–CI score, n (%)

 0 19 (44.2)

 1 2 (4.7)

 2 or more 22 (55.1)

FISH CLL-Dohner hierarchy present/# tested (%)

 13q deletion 22/39 (56.4)

 17p deletion 15/39 (38.5)

 11q deletion 15/39 (38.5)

 Trisomy 12 2/39 (5.1)

 2 or more genetic abnormalities 20/39 (51.3)

Pre-HCT treatments, n (%)

 Number of regimens, median (range) 3 (1–6)

 Fludarabine or pentostatin based therapy 38 (88.4)

 Alemtuzumab 9 (20.9)

 Lenalidomide 3 (7)

Disease status at HCT, n (%)

 CR 10 (23.3)

 PR 14 (32.6)

 SD 9 (20.9)

 PD/refractory 10 (23.3)

Disease burden at HCT, n (%)

 Bulky disease at HCT (nodes > 5 cm) 8 (18.6)

 BM involvement (30% or more) 15 (34.8)

 LN areas enlarged at HCT (3 or more) 16 (37.2)

Donor type, n (%)

 MRD 18 (41.9)

 MUD 15 (34.9)

 MMUD (includes 3 cord blood) 10 (23.2)
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Conditioning regimens, n (%)

 Pentostatin-Busulfan 16 (37.2)

 Fludarabine-Busulfan 14 (32.6)

 Fludarabine/TBI 7 (16.3)

 Other 6 (14.1)

HCT, allogeneic transplant; HCT-CI, hematopoietic cell transplant comorbidity index; CR, complete remission; PR, partial remission; SD, stable 
disease; PD, progressive disease; BM, bone marrow; MRD, matched related donor; MUD, matched unrelated donor; MMUD, mismatched 
unrelated donor; TBI, total body irradiation.
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Table 2

Univariate analysis: the effect of transplant factors on OS and PFS.

Variable HR 95% CI p-Value

Age at HCT (≥60 vs. <60 years old) OS 2.90 1.14–7.35 0.025a

PFS 2.48 0.99–6.21 0.052

Donor status (MMUD vs. MRD/MUD) OS 3.25 1.3–8.10 0.012a

PFS 3.17 1.29–7.78 0.012a

Status of disease at HCT (PD vs. CR/PR/SD) OS 5.34 2.20–12.96 < 0.001a

PFS 7.04 2.85–17.38 < 0.001a

Conditioning regimen (Pento/BU vs. others) OS 0.45 0.17–1.24 0.124

PFS 0.5 0.20–1.32 0.168

KPS (≤80 vs. >80) OS 1.93 0.84–4.45 0.122

PFS 2.06 0.91–4.65 0.081

Acute GVHD (II–IV vs. 0-I) OS 0.86 0.37–1.98 0.718

PFS 0.83 0.37–1.87 0.703

17p deletion (present vs. absent) OS 2.66 1.14–6.24 0.024a

PFS 2.43 1.06–5.58 0.036a

11q deletion (present vs. absent) OS 5.20 2.08–12.99 < 0.001a

PFS 4.10 1.66–10.13 0.002a

# treatments before HCT (≥3 vs. <3 regimens) OS 2.23 0.88–5.66 0.092

PFS 2.50 0.99–6.32 0.053

# LN areas enlarged at HCT (≥3 vs. <3 groups) OS 2.25 0.81–6.22 0.120

PFS 2.51 0.91–6.90 0.075

Bulky disease at HCT (present vs. absent) OS 1.13 0.42–3.05 0.810

PFS 1.35 0.51–3.63 0.548

% BM involvement at HCT (≥30% vs.<30%) OS 2.04 0.86–4.85 0.105

PFS 2.12 0.91–4.96 0.083

HCT-CI score (≥1 vs. 0) OS 1.80 0.76–4.27 0.186

PFS 1.46 0.64–3.35 0.374

MRD, matched related donor; MUD, matched unrelated donor; MMUD, mismatched unrelated donor; Pento, pentostatin; BU, busulfan; KPS, 
Karnofsky performance status; GVHD, graft vs. host disease; LN, lymph node; BM, bone marrow; HCT-CI, hematopoietic cell transplant 
comorbidity index.

a
Variables with significant statistical difference.
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Table 3

Multivariate analysis: the effect of transplant factors on OS and PFS.

HR 95% CI p-Value

Overall survival (OS)

Status of disease at HCT (PD vs. CR/PR/SD) 3.98 1.60–9.89 0.003a

17p deletion (present vs. absent) 2.48 1.04–5.87 0.040a

11q deletion (present vs. absent) 4.70 1.83–12.07 0.001a

Progression free survival (PFS)

Status of disease at HCT (PD vs. CR/PR/SD) 4.89 1.94–12.31 0.001a

KPS (80 or less vs. 90–100) 3.47 1.34–8.99 0.011a

17p deletion (present vs. absent) 3.35 1.00–5.53 0.050a

11q deletion (present vs. absent) 4.90 1.71–14.06 0.003a

CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease; KPS, Karnofsky performance status; HR, hazard ratio; 
CI, confidence interval.

a
Variables with significant statistical difference.
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