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A B S T R A C T

Purpose
We reported encouraging early results of allogeneic hematopoietic cell transplantation (HCT) after
nonmyeloablative conditioning in 64 patients who had advanced chronic lymphocytic leukemia
(CLL). Here, we have extended the follow-up to a median of 5 years and have included data on an
additional 18 patients.

Patients and Methods
Eighty-two patients, age 42 to 72 years, who had fludarabine-refractory CLL were conditioned with
2 Gy total-body irradiation alone or combined with fludarabine followed by HCT from related (n �
52) or unrelated (n � 30) donors.

Results
Complete remission (CR) and partial remission were achieved in 55% and 15% of patients,
respectively. Higher CR rates were noted after unrelated HCT (67% v 48%). The 5-year incidences
of nonrelapse mortality (NRM), progression/relapse, overall survival, and progression-free survival
were 23%, 38%, 50%, and 39%, respectively. Among 25 patients initially reported in CR, 8%
relapsed and 8% died as a result of NRM, whereas 84% have remained alive and in CR. Among
14 responding patients who were tested and who had molecular eradication of their disease, two
died as a result of NRM, two relapsed, and 10 have remained negative. At 5 years, 76% of living
patients were entirely well, whereas 24% continued to receive immunosuppression for chronic
graft-versus-host disease; the median performance status in each group was 100% and 90%,
respectively. Lymphadenopathy � 5 cm, but not cytogenetic abnormalities at HCT, predicted
relapse. In a risk-stratification model, patients who had lymphadenopathy less than 5 cm and no
comorbidities had a 5-year OS of 71%.

Conclusion
Nonmyeloablative HCT resulted in a median survival of 5 years for patients who had fludarabine-
refractory CLL with sustained remissions and in the continued resolution of chronic graft-versus-
host disease in surviving patients.

J Clin Oncol 26:4912-4920. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Graft-versus-leukemia effects appear to play a more
important role than conditioning intensity in the
control of minimal residual disease among patients
with chronic lymphocytic leukemia (CLL).1-4 Be-
cause of high nonrelapse mortality (NRM) associ-
ated with conventional allogeneic hematopoietic
cell transplantation (HCT) in patients who have
CLL,5-11 reduced-intensity or truly nonmyeloabla-
tive conditioning regimens have been investigated.

We have shown initial success of allogeneic HCT
after nonmyeloablative conditioning in achieving
disease control among 64 fludarabine-refractory
CLL patients who also had acceptable NRM rates.12

The 2-year rates of overall survival (OS) and
progression-free survival (PFS) were 60% and 52%,
respectively. Other investigators have reported their
experiences with reduced-intensity HCT for CLL,
with 2-year rates of OS and PFS in the range of
51% to 80% and 34% to 67%, respectively.13-17

Here, we addressed two critical questions. One
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was the ability of this approach to provide long-term disease con-
trol and to improve survival in both patients with high-risk CLL,
including fludarabine-refractory CLL, who otherwise have survival
rates of 12 to 18 months with chemoimmunotherapy18-21 and in those
who have high-risk genomic features associated with resistance to
conventional therapy.22-26 The second question concerned chronic
graft-versus-host disease (GVHD) in this elderly patient population.
To this end, we updated results on the initial 64 patients with an
additional 3 years of follow-up, and we described data from 18 addi-
tional patients. Also, we formulated a risk-stratification model on the
basis of lymphadenopathy � 5 cm and HCT-specific comorbidity
index (HCT-CI) scores.

PATIENTS AND METHODS

Previously reported results from 64 patients with CLL were updated with a
median follow-up of 5 years (range, 3.0 to 7.3 years) after nonmyeloablative
HCT12 and were combined with those from an 18 additional patients who had
a median follow-up of 1.6 years (range, 0.9 to 3.1 years). All patients were
enrolled on multi-institutional trials conducted between December 1997 and
January 2006 at 12 academic centers, and the Fred Hutchinson Cancer Re-
search Center acted as the coordinating center. Protocols were approved by
the institutional review boards of the Fred Hutchinson Cancer Research
Center and the collaborating sites. All patients signed consent forms.
Inclusion and exclusion criteria for protocols and the definition of
fludarabine-refractoriness have been published.12 Conditioning regimens,
postgrafting immunosuppression, HLA typing and matching, collection of
hematopoietic cells, supportive care, analyses of donor chimerism, pre-
transplant risk factors, post-transplant disease responses, and minimal
residual disease monitoring by allele-specific complementary-determining
region III (CRDIII) sequences were carried out as described.12 Pre-
transplant comorbidities were scored by using an HCT-CI.27 Data were
analyzed as of April 2007.

Cumulative incidence estimates were calculated for acute and chronic
GVHD, relapse, relapse-related mortality, and NRM. OS and PFS rates were
estimated by the Kaplan-Meier method. Deaths were treated as competing
events in analyses of graft rejection, GVHD, and disease progression. Progres-
sion and NRM were the components of PFS and were treated as competing
events. Hazard ratios were estimated from Cox regression models. Multivari-
ate models were constructed in a stepwise fashion by using a threshold signif-
icance level of .10 for inclusion in the model. Multivariate P values for a
variable were based on adjustment for all other variables in the model. All P
values were derived from likelihood ratio statistics and were two-sided. Onset
of chronic GVHD and cessation of all immunosuppressive agents were shown
with prevalence curves, as described previously.28

RESULTS

Patient Characteristics and Disease Responses

Patient and disease characteristics are listed in Table 1 and de-
scribed in the Appendix (online only). Four patients had no measur-
able disease at HCT; one died as a result of relapse, two died as a result
of NRM while in complete remission (CR), and one is alive in CR.
Among 78 patients who had measurable disease at HCT, the 5-year
cumulative probabilities for achieving CR and partial remission
(PR) were 55% and 15%, respectively. Unrelated recipients had a
statistically significantly higher 5-year rate of CR (67% v 48%; P � .04)
compared with related recipients (Fig 1A). Table 2 lists the overall
responses of the 82 patients.

Overall, 41 patients who had measurable disease at HCT experi-
enced CR after HCT; 30 of these are alive and in CR, eight died as a
result of NRM, and three experienced disease relapse. One of the latter
three is currently alive and in CR after rituximab followed by one cycle
of chemotherapy (follow-up 28 months); one died as a result of refrac-
tory CLL after two cycles of chemotherapy and two donor lymphocyte
infusions (DLIs); and one died as a result of advanced GVHD after
treatment with rituximab and DLI. Thirteen patients who had mea-
surable disease at HCT achieved PR after HCT; four are alive and in PR
at a median of 22 months, three died as a result of NRM while in PR at
a median of 5 months after HCT; and six experienced disease progres-
sion. Four of the latter six died as a result of progressive disease, and
two are alive in PR after treatment with alemtuzumab (n � 1; 65.6
months of follow-up) and rituximab (n � 1; 17.7 months of follow-
up). Four patients were not assessed for disease response because
they experienced early NRM. Three patients had stable disease; two
died as a result of NRM 1.8 months (n � 1) and 2 months (n � 1)
after HCT; and one, who was in PR at HCT, is alive with stable disease
36 months after HCT. Seventeen patients had disease progression; 14
died; and three are alive after being treated with rituximab (n � 1),
rituximab and alemtuzumab (n � 1), or chemotherapy (n � 1).

In our initial report, 39 of 64 patients were alive at a median of 2
years. With 3 years of additional follow-up, two of 25 patients who
were in CR experienced nonrelapse deaths while in CR, and two died
as a result of relapse; the remaining 21 patients (84%) are alive and in
CR. Among five patients who were in PR, one progressed and died,
one progressed and is alive with disease, and three are alive in CR. Of
two patients who had stable disease, one still has stable disease, and one
has progressed. Six of seven patients who had relapse/progressive
disease have died, and one is alive in CR after treatment with mono-
clonal antibody and chemotherapy.

Molecular monitoring was done in 14 patients after HCT. All 14
achieved molecular remissions. Two patients died as a result of NRM
during molecular remission; two patients relapsed 32 and 39 months
after HCT, respectively; and nine have sustained CR at a median of
73.4 months (range, 19 to 87.5 months).

Overall, six patients had disease relapse after 2 years. Five of the
six experienced relapse of their original disease, and one patient expe-
rienced disease transformation to large-cell lymphoma.

Overall Outcomes

Cumulative incidences of NRM and relapse/progression and
rates of OS and PFS at 5-years were 23%, 38%, 50%, and 39%,
respectively. There were no statistically significant differences in NRM
(22% v 24%; P � .97), relapse/progression (43% v 26%; P � .18), OS
(49% v 51%; P � .57), or PFS (35% v 51%; P � .28) between related
and unrelated recipients (Figs 1B, 1C, 1D, and 1E).

We analyzed the outcomes of the initial 64 patients separately
from the 18 patients who recently received transplants (Appendix
Fig A1, online only) and found 5-year NRM, relapse, OS, and PFS
rates were 25%, 37%, 48%, and 38%, respectively, which were not
different from the figures for the total 82 patients. For the addi-
tional 18 patients, the same outcomes were 11%, 31%, 83%, and
58%, respectively at 2 years. These results were not statistically
significantly different from those in the original patients.

Because 59% of patients underwent transplantation at Seattle,
WA, we compared outcomes of those patients to all other patients who
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underwent transplantation at nine collaborating institutions.
Comparable 5-year OS rates (58% v 39%; P � .27) and PFS rates
(38% v 43%; P � .69) were noted among patients from Seattle, WA
compared with those not from Seattle, WA, respectively (Appen-
dix Fig A2, online only).

Nonrelapse deaths (n � 19) included infections with acute
(n � 4) or chronic (n � 6) GVHD, cardiac arrest (n � 2), pulmo-
nary hemorrhage after rejection (n � 1), cerebrovascular stroke
(n � 1), de novo metastatic lung cancer (n � 1), pneumonia (n � 1),
sepsis (n � 1), grade 4 gut acute GVHD after DLI for low chimerism
(n � 1), and multiorgan failure after open heart surgery (n � 1).

GVHD and Duration of Immunosuppressive Therapy

Cumulative incidences of grades 2, 3, and 4 acute GVHD were
39%, 14%, and 2%, respectively, among related recipients and 43%,
20%, and 3%, respectively, among unrelated recipients. Five-year
cumulative incidences of chronic extensive GVHD were 49% for
related and 53% for unrelated recipients (P � .95). The 5-year preva-
lence of patients alive after discontinuation of all immunosuppressive
medications was 38% (35% for related and 44% for unrelated recipi-
ents; Fig 1D). The median duration of treatment for chronic GVHD
was 25 months (range, 12 to 61 months), and the median interval
between stoppage of all immunosuppressive medications and last

Table 1. Patients and Disease Characteristics

Characteristic

Recipients

Related (n � 52) Unrelated (n � 30) All (N � 82)

Diagnosis, %
CLL 83 90 85
CLL/SLL 13 3 10
CLL/PLL 4 7 5

Conditioning regimen, %
2-Gy TBI 25 0 16
2-Gy TBI � fludarabine 75 100 84

Age, years
Median 55 57 56
Range 44-72 42-69 42-72

Years from diagnosis to HCT
Median 4.22 5.18 4.54
Range 0.9-24.7 0.5-10.8 0.5-24.7

HCT-CI scores, %
0 44 40 43
1-2 35 20 29
� 3 21 40 28

Prior autologous HCT, % 2 7 4
Number of prior regimens, %

1-2 25 20 23
3-4 48 37 44
5-6 17 20 18
� 7 10 23 15

Fludarabine-refractory disease, % 86 87 87
Disease status at HCT, %

Responsive
CR 4 7 5
PR 38 40 37

Unresponsive 48 40 45
Untreated relapse 10 13 11

Disease burden, %
Lymph node size � 5 cm 27 20 24
Marrow infiltration � 50% 57 30 47
Lymphocyte count � 104/�L 21 13 18
�2 microglobulin � 2.5 �g/mL� 50 50 50
CD38� expression† 60 59 59
Unfavorable cytogenetics‡ 39 43 41
Splenomegaly 46 37 43

Cell transplanted, median
CD34� � 106/kg 8.4 6.6 6.75
CD3� � 108/kg 3.45 2.69 3.03

Abbreviations: CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lymphoma; PLL, prolymphocytic leukemia; TBI, total-body irradiation; HCT,
hematopoietic cell transplantation; CR, complete remission; PR, partial remission.

�Data on 24 patients were not available.
†CD5/CD19 coexpression of CD38 � 30%; data on six patients were not available.
‡Deletion of 17p, deletion of 11q, triosomy 12, and complex abnormalities; data on three patients were not available.
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follow-up was 19 months. The median performance status at last
contact was 90% and 100% for patients with or without chronic
GVHD, respectively.

Impact of Prognostic Factors on Outcomes

Multiple risk factors were analyzed for their effects on NRM,
relapse, OS and, PFS by using univariate analyses. Age, donor type,
CD34� cell dose, CD3� cell dose, CD5/CD19 coexpression of CD38
greater than 30%, cytogenetic risks, splenomegaly, disease status at
HCT, and time between diagnosis and HCT were not significantly
associated with outcomes at the .10 level of significance. Factors that
had significant impact in univariate analyses were entered in multivar-
iate analyses. Lymphadenopathy � 5 cm at the time of HCT strongly
predicted increased relapse, HCT-CI scores independently predicted
NRM, and both were independent predictors for OS and PFS (Appen-
dix Table A1, online only). Patients who had fludarabine-refractory
CLL had a higher relapse hazard but had a trend toward lower NRM.
Marrow infiltration with � 50% CLL cells, circulating lymphocyte
counts greater than 104/�L, �2 microglobulin greater than 2.5 �g/mL,
and the number of preceding treatment regimens did not indepen-
dently predictor outcomes.

Relapse and PFS rates were comparable not only among pa-
tients who had refractory/untreated relapse and those who had
CR/PR (P � .41 and P � .61, respectively), but also among those

who had greater than 30% CD38 expression compared with � 30%
(P � .22 and P � .27, respectively) and among those who had
favorable compared with unfavorable cytogenetics (P � .65 and
P � .88, respectively). The outcomes of patients who had specific
adverse cytogenetic abnormalities are listed in Table 3. There were
higher 5-year relapse (71% v 27%; P � .0004) and lower PFS (8% v
50%; P � .002) rates among patients who had lymphadenopathy
� 5 cm or less than 5 cm, respectively (Fig 2).

NRM and OS incidences and rates at 5 years were comparable
among patients age � 60 years versus younger than 60 years (P � .96
and P � .35, respectively) and among patients given 0 to 3 versus � 4
prior chemotherapy regimens (P � .97 and P � .18, respectively).
Patients who had HCT-CI scores of 0 versus 1 to 2 versus � 3 had
NRM incidences of 15%, 29%, and 29%, respectively, and OS rates of
55%, 52%, and 38%, respectively.

Risk-Stratification Model

All patients then were stratified on the basis of the two statis-
tically significant prognostic factors: lymphadenopathy � 5 cm or
less than 5 cm and HCT-CI scores of 0 or � 1. Accordingly,
patients could be divided into four groups with increasing risk of
worse outcomes: group I included patients who had no comorbidi-
ties and lymphadenopathy less than 5 cm (n � 28); group II,
patients with comorbidities only (n � 34); group III, patients with
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Fig 1. Cumulative incidences and rates of
(A) achieving complete remission, (B) dis-
ease progression or relapse, (C) nonrelapse
mortality, (D) Kaplan-Meier estimates of
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graft-versus-host disease, and (E) progression-
free survival among recipients of related and
unrelated grafts. MRD, matched related do-
nor; URD, unrelated donor.
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lymphadenopathy � 5 cm only (n � 7); and group IV, patients
with comorbidities and lymphadenopathy of � 5 cm (n � 13).
Patients in the four groups had 3-year OS rates of 78%, 60%, 43%,
and 27%, respectively (Fig 3).

DISCUSSION

This report updated previously published data of a multicenter
study of nonmyeloablative HCT for patients who had poor-risk
CLL. After 3 additional years of follow-up, 21 (84%) of 25 patients
who were in CR in the initial report12 have remained alive and in CR.
The 5-year OS and PFS of the initially reported 64 patients were 48%
and 38%, respectively, which confirms the long-term efficacy of the
nonmyeloablative HCT. Moreover, conversion to CR was observed in
three of five patients reported to have PR. This supported the hypoth-
esis that graft-versus-leukemia (GVL) effects after a truly nonmyeloa-
blative HCT were capable of inducing late disease responses in CLL.

Results among the additional 18 patients confirm the previously re-
ported results.

We also assessed the influence of poor prognostic features of
CLL29 on HCT outcomes,30-34 and we detected no significant corre-
lations between these parameters and GVL effects. This is particu-
larly important as chemotherapy, monoclonal antibodies, and
autologous HCT have been associated with limited efficacy in
patients who have poor prognostic features (including fludarabine-
refractoriness and unfavorable cytogenetics); median OS is usually less
than 1 to 2 years.19,21,34-37 For example, treatment with fludarabine,
cyclophosphamide, and rituximab combination in patients who
have fludarabine-refractory versus fludarabine-sensitive CLL have
resulted in 6% versus 33% CR rates, respectively.37 Patients with
del(17p) and del(11q) had only 9 and 13 months of treatment-free
intervals, respectively, in the hierarchical model of Dohner et al30

and had PFS intervals of 11 and 21.5 months, respectively, after
fludarabine-based chemotherapy.26,38 These findings supported the
assertion that alternative therapies need to be pursued for poor-risk

Table 2. Disease Status at Study Enrollment and Disease Responses During the Study

Disease Status at HCT
(n � 82)

Disease Responses

Treatment Given
to Alive

Patients With
PD/Relapse

No. and Type of
Best Response

After HCT
(n � 82)

Outcomes at Last Contact
(months after HCT)

Months Deceased per Status
(n � 40)

Months Alive per Status
(n � 42)

CR (n � 4)/PR (n � 32) 24 CR CR: 5, 7, 8, 8, 25, 29; relapse: 50, 80 CR: 12, 13, 15, 19, 26, 37, 37, 39, 40, 48, 49, 50, 66, 73, 87; relapse�: 62 R ➞ R ➞ CHOP
4 PR PD: 27 PR: 19, 25; PD�: 18 R
1 SD — SD: 36
2 NA NA: 1, 5 —
5 PD PD: 1, 4, 10, 34 PD�: 19 IF➞ R

Relapse (n � 9) 7 CR CR: 12 CR: 26, 37, 42, 61, 61, 76
1 PR — PR: 11
1 NA NA: 1

Refractory (n � 37) 14 CR CR: 3, 21, 82; relapse: 44 CR: 37, 42, 43, 56, 60, 68, 74, 85, 86, 88
8 PR PR: 2, 5, 7; PD: 8, 19, 66 PR: 33; PD�: 66 Alemtuzumab
2 SD SD: 2, 2 —
1 NA NA: 0.4 —

12 PD PD: 1, 3, 4, 4, 7, 7, 13, 43, 51, 74 PD�: 34 ESHAP
PD: 61 Alemtuzumab➞ R

Abbreviations: HCT, hematopoietic cell transplantation; PD, progressive disease; CR, complete remission; PR, partial remission; R, rituximab; CHOP,
cyclophosphamide, doxorubicin, vincristine, and prednisone; SD, stable disease; NA, not assessed; IF, interferon; ESHAP, etoposide, cisplatin, cytarabine,
and prednisone.

�Indicates no. of patients who are alive with disease relapse/progression.

Table 3. Disease Responses and Outcomes Among Patients Diagnosed With Unfavorable Cytogenetics

Abnormality

Patients Who Remained Alive Patients Who Died

CR (No.) PR (No.)
PD/Relapse

(No.)

Median Interval (years)

CR/PR (No.) NA (No.)
PD/Relapse

(No.)

Median Interval (years)

From
Diagnosis From HCT

From
Diagnosis

From
HCT

del 17p (n � 7) 4 — — 6.2 3.3 1 — 2 3 0.3
del 11q (n � 7) 1 2 2 8.2 2.1 1 — 1 7.5 0.7
tri 12 (n � 7) 4 — — 6.7 4.4 — 2 1 3.8 0.2
Complex (n � 9) 4 — — 11.4 5.7 1 — 4 10.5 3.5

Abbreviations: CR, complete remission; PR, partial remission; PD, progressive disease; NA, not assessed; HCT, hematopoietic cell transplantation.
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patients. In our series, patients with fludarabine-refractory CLL
achieved a 55% CR rate, and greater than 50% of patients with
del(17p) or del(11q) have shown responses and were alive after 39
and 25 months, respectively, of median follow-up. However, re-
sults are limited by the small number of patients (n � 14) who have
del(17p) or del(11q). Nevertheless, they confirm, with longer
follow-up, our earlier results and those in other reports that show
the efficacy of reduced-intensity HCT in CLL patients who have
poor genomic features.39-41 Even though these patients had ad-
vanced CLL, poor-risk cytogenetic features of del(17p) and
del(11q) were relatively under-represented (17%). This might be
explained by the change in diagnostic standards and technology in
the 10 years during which the current patients underwent trans-
plantation. For example, even though all patients had conventional
cytogenetics performed at the time of HCT, cells from 24% of
patients were not analyzed by fluorescent in situ hybridization;
thus, poor-risk genomic features might have been missed. Never-
theless, the majority of patients (87%) in this study had
fludarabine-refractory CLL, which is associated with dismal out-
come, and, to our knowledge, no reports have shown that such
outcome is dependent on cytogenetic risks.

Chronic GVHD is a complication of allogeneic HCT. Infor-
mation on the outcome of chronic GVHD among elderly patients
who undergo nonmyeloablative HCT for CLL has been underre-
ported in the literature. This report showed that, even in this older
patient population, the prevalence of chronic GVHD and its reso-
lution were comparable to those observed among younger patients
treated with myeloablative HCT.42,43 Although approximately
50% of patients were affected by chronic GVHD, signs and symp-
toms of this complication eventually resolved in most patients,
and immunosuppression was discontinued after a median of ap-

proximately 2 years. These findings, together with the normal to
near-normal performance status of surviving patients, should en-
courage further accrual of older CLL patients to nonmyeloablative
HCT protocols.

In agreement with our initial observations, CRs were more fre-
quent among unrelated compared with related recipients, but they
had comparable survivals. The overall long-term OS (51%) and PFS
(51%) among current unrelated recipients seemed superior to the
historical experience with myeloablative HCT, as reported by the
International Blood and Marrow Transplantation Registry, which
showed OS and PFS of 33% and 32%, respectively.6 Our results sup-
ported the suggestion that unrelated donor HCT should be considered
in patients who lacked HLA-identical siblings.44

Despite reasonable long-term success, problems were identi-
fied among this patient cohort. NRM, although lower than after
myeloablative HCT for younger patients,45 was still significant.
Slightly more than half of the NRM was caused by GVHD and
associated infections, whereas other causes of death were related to
comorbidities. Efforts, which include optimizing GVHD prophy-
laxis and better understanding predictors of NRM among elderly
patients given nonmyeloablative HCT, are underway to reduce
NRM. Lymphadenopathy of � 5 cm at HCT was a major cause of
disease relapse/progression (71% at 5 years). For patients who have
lymphadenopathy of � 5 cm, more aggressive approaches are
needed for cytoreduction, which thereby allow time for GVL ef-
fects to occur. One approach that we are currently exploring is
combination of a radiolabeled anti-CD20 monoclonal antibody
with nonmyeloablative conditioning regimen.46 Novel cyclin-
dependent kinase inhibitors, such as flavopiridol,47,48 or immuno-
modulatory agents, such as lenalidomide,49 have shown activity in

A

Cu
m

ul
at

iv
e 

In
ci

de
nc

e
of

 R
el

ap
se

 (%
)

B

Pr
og

re
ss

io
n-

Fr
ee

Su
rv

iv
al

 (%
)

1 2 3 4 5 6 7

Time From Transplant (years)

100

80

60

40

20

0

No Bulky LN
Bulky LN
Censored

1 2 3 4 5 6 7

No Bulky LN
Bulky LN

Time From Transplant (years)

100

80

60

40

20

0

Fig 2. Cumulative incidences of relapse
and Kaplan-Meier estimates of progression-
free survival among patients diagnosed with
advanced chronic lymphocytic leukemia and
treated with nonmyeloablative conditioning
followed by related or unrelated allogeneic
hematopoietic cell transplantation as strati-
fied by lymph node (LN) diameter.
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Fig 3. Kaplan-Meier probabilities of sur-
vival among patients with advanced
chronic lymphocytic leukemia who were
treated with allogeneic nonmyeloablative
hematopoietic cell transplantation (HCT)
as stratified into four risk groups on the
basis of consolidated HCT-specific comor-
bidity index sores and lymph node diame-
ter. Group I included patients who had no
comorbidities and who had lymphadenop-
athy of less than 5 cm (n � 28); group II,
patients with comorbidities only (n � 34);
group III, patients with lymphadenopathy
of � 5 cm only (n � 7); and group IV,
patients with both comorbidities and
lymphadenopathy of � 5 cm (n � 13).
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bulky fludarabine-refractory CLL and could be explored for ad-
ministration before HCT. Moreover, even among patients who
have lymphadenopathy of less than 5 cm, 27% progression/relapse
rates have been seen at 5 years. Pre-emptive treatment with mono-
clonal antibodies after HCT might be useful to address this prob-
lem.15 Of note, 12 of 28 patients who progressed after HCT
survived between 12.3 and 63.6 months after receiving treatment
with monoclonal antibody (n � 3), antibody combined with DLI
(n � 3), or antibody combined with chemotherapy (n � 5).
Pre-emptive interventions also could be offered to patients in
whom early progression is diagnosed by four-color flow cytometry,
which is equally sensitive but simpler and cheaper than quantita-
tive polymerase chain reaction.2,50

In most other reports on outcomes in patients with CLL who
were given reduced-intensity conditioning, median follow-ups were
shorter and reached a maximum of 2 years.13-17 A report from Spain
described outcomes among 30 patients who underwent HCT from
HLA-identical siblings.39 Median follow-up was 4 years, and OS and
event-free survival (EFS) rates at 5 years were 72% and 70%, respec-
tively.39 Only 37% of their patients were refractory to fludarabine
compared with 86% of current patients, and 80% versus 42% had
CR/PR at HCT, respectively. For myeloablative HCT, 5-year OS rates
of 32% to 45%, respectively, and PFS rates of 32% to 42%, respec-
tively, were reported.6,8,10,51 In general, patients in those reports were
10 years younger than these patients.

Extrapolation of these results to the general CLL population is
difficult, as they include only those patients who were referred and
enrolled onto the HCT protocols at the different institutions. The
percentages of patients not referred for HCT because of lack of
insurance coverage or rapidly progressing disease that did not
allow time for transplantation preparation or donor search are un-
known. Nevertheless, within those limitations, our results support the
use of nonmyeloablative allogeneic HCT for patients who have
fludarabine-refractory CLL.

Current findings of long-term disease control and resolution of
chronic GVHD among a majority of patients supported the use of
nonmyeloablative HCT for patients who have failed fludarabine. Early
HCT should be considered for patients who have poor genomic fea-
tures. This strategy would limit patient exposure to extensive courses
of conventional treatment and would allow nonmyeloablative HCT to
be offered at earlier and at more optimal disease stages. In support of

this recommendation, these patients who had lymphadenopathy less
than 5 cm and no comorbidities had 3-year and 5-year OS of 78% and
71%, respectively.
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