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Chronic Lymphocytic Leukemia

Introduction

Chronic lymphocytic leukemia (CLL) is the most prevalent
leukemia in the Western world. According to the American
Cancer Society, an estimated 15,680 individuals in the United
States will have been diagnosed with CLL in 2013.1 The medi-
an age at diagnosis ranges from 65-70 years.2-4 Based on the
National Cancer Institute’s Surveillance and Epidemiology
End Results (SEER) database, 11% of all patients diagnosed
with CLL in 2009 were less than 55 years of age.5 Population-
based studies from Europe also indicate that between 7% and
20% of patients with CLL are <55 years of age at diagnosis.2,6-

9 These retrospective studies have described the clinical char-
acteristics of younger patients with CLL, and have compared
these to the characteristics of older CLL patients. These his-
torical series were small (e.g. <200 patients) and are more
than two decades old.6,8-11 The most recent and largest series
was reported in 1999 and included 204 patients.7

The past decade has been a time of tremendous change in
the clinical care of patients with CLL. The most widely used
prognostic biomarkers, such as immunoglobulin heavy chain
variable region gene somatic mutation status (IGHV), genetic
abnormalities detected by fluorescence in-situ hybridization
(FISH), expression of zeta-associated protein-70 (ZAP-70),

and expression of CD38, were all developed after 1999.
Extensive treatment advances have also occurred with the
introduction of new therapeutic agents,12-14 the development
of combination chemotherapy,15-17 the introduction of chemo-
immunotherapy,18,19 better definition of the role of allogeneic
stem cell transplant,20,21 and the use of common recurring
genetic characteristics to inform therapy selection.22-25

Due to these profound changes, data from historical reports
on clinical outcomes of younger patients with CLL are of
uncertain relevance in the modern era.6,8-11 In the present
study, we aim to describe the clinical characteristics, time to
first treatment and overall survival of CLL patients ≤55 years
old in the current era.

Methods

Patients
The Mayo Clinic CLL database includes information on all patients

with a diagnosis of CLL seen in the Division of Hematology at the
Mayo Clinic since 1995, and who permit their records to be used for
research purposes.26-28 Baseline demographics, clinical factors, treat-
ment history, disease-related complications, time to first treatment
and survival are abstracted from clinical and research records on all
patients and maintained on a prospective basis.  We used this database
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II disease (P<0.0001), be IGHV unmutated (P=0.002) and express ZAP-70 (P=0.009). These differences became
more pronounced when the ≤55 age group was sub-stratified into age ≤45, 46-50 and 51-55 years. After a median
follow-up of 5.5 years, 426 (51%) patients ≤55 years old had received treatment, and 192 (23%) had died. The time
to treatment was shorter in patients ≤55 years than in those older than 55 years (4.0 years versus 5.2 years; P=0.001)
and those ≤55 years had longer survival (12.5 years versus 9.5 years; P<0.0001). However, patients ≤55 years had
significantly shorter survival than the age- and sex-matched normal population (12.5 years versus not reached;
P<0.0001). Our study is the first comprehensive analysis of younger patients with chronic lymphocytic leukemia
in the modern era. Adverse prognostic markers appear more common among young patients. Although the sur-
vival of young chronic lymphocytic leukemia patients is longer than that of those >55 years old, their survival rel-
ative to the age- and sex-matched normal population is profoundly shortened.
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to evaluate the experience of CLL patients who were ≤55 years of
age at the time of diagnosis. The threshold of ≤55 years was select-
ed to classify age based on a similar cutoff used to define young
CLL patients in historical studies.5,7,29,30 Patients diagnosed with
CLL between January 1995 and April 2012 and who fulfilled the
1996 criteria for CLL31 and/or the World Health Organization
(WHO) criteria for small lymphocytic lymphoma32 were included
in this analysis. Rai stage was ascertained within 12 months of the
initial diagnosis. Since FISH results can change during the course
of disease or after treatment,33 only pre-treatment FISH results
were used in this study. To adjust for potential referral bias, we
compared the characteristics of patients who resided within 120
miles of the Mayo Clinic (excluding the twin cities of Minneapolis
and St. Paul) to those who resided >120 milesaway.34,35 The clinical
characteristics and outcomes of CLL patients ≤55 years old were
compared to those of CLL patients >55 years old. To further
explore associations with patients with young onset CLL, those
≤aged 55 years were also divided into three groups based on their
age at diagnosis: (i) ≤45 years, (ii) 46-50 years, and (iii) 51-55 years.
The overall survival of patients ≤55 years old was also compared
to that of the age- and sex-matched normal population of the state
of Minnesota. The Mayo Clinic Institutional Review Board
approved this study.

Statistical analysis 
Patients’ characteristics are summarized using medians and

ranges for continuous variables and frequencies (percentages) for
categorical variables. Overall survival was defined as time from
diagnosis to date of death due to any cause or last follow-up time,
whichever occurred first. Time to first treatment was defined as
the time between the date of diagnosis and the date of initiation
of treatment or date of last follow-up at which the patient was
known to be untreated. Since the indications for treatment under
both the 199631 and 200836 consensus criteria are identical, the indi-
cations to initiate treatment were consistent throughout the entire
study interval. Expected survival was calculated using the cohort
(Hakulinen) method37 with estimates based on the age- and sex-
matched Minnesota population.38 P values <0.05 were considered
statistically significant. All statistical analyses were conducted
using the SAS 9.2 software package (SAS Institute, Cary, NC,
USA). More details on the methods and statistical analysis can be
found in the Online Supplementary Appendix. 

Results

Baseline characteristics of patients ≤ 55 years 
of age relative to those >55 years old

Between January 1, 1995 and April 9, 2012, 844 patients
≤55 years old (median age, 50 years) with CLL were seen
at the Mayo Clinic. A comparison of the baseline charac-
teristics and prognostic profile of these patients relative to
the 2324 CLL patients >55 years old (median age, 67
years) seen at the Mayo Clinic during the same time peri-
od is shown in Table 1. When compared to patients >55
years old, patients ≤55 years old were more likely to pres-
ent with intermediate Rai stage (I and II) disease
(P<0.0001), have unmutated IGHV (P=0.002), and express
ZAP-70 (P=0.009). Similar trends for Rai stage (P<0.0001)
and IGHV mutation status (P=0.047) were observed when
the analysis was restricted to non-referred patients. Serum
β2-microglobulin levels were lower in patients ≤55 years
old (P<0.0001) and these patients were also less likely to
be CD49d-positive (P=0.01). Younger patients were slight-

ly more likely to report having one or more first-degree
relatives with CLL (familial CLL) than were older patients
(11% versus 9%; P=0.04). No significant differences were
seen in gender distribution, CD38 status, or FISH risk cat-
egory among those ≤55 years old relative to those >55
years old. The median time from CLL diagnosis to evalu-
ation at the Mayo Clinic was ≤3 months for patients in
both the age groups: ≤55 years and >55 years. Although
statistical differences were observed between the two age
groups in white cell count, absolute B-cell count and
hemoglobin concentration at the time of initial diagnosis
(Table 1), the absolute differences were small and thus
unlikely to be of clinical significance. As would be expect-
ed in an older population, a significantly higher proportion
of patients in the >55 year age group had an ECOG per-
formance status of >0.  

We next divided patients ≤aged 55 into three groups
based on their age at diagnosis: (i) age ≤45 years (n=204,
24%), (ii) age 46-50 years (n=272, 32%) and (iii) age 51-55
years (n= 368, 44%). Patients ≤45 years were more likely
to present with intermediate (I or II) and high (III and IV)
Rai risk (P=0.009) and be IGHV unmutated (P=0.03) com-
pared to those in the groups 46-50 or 51-55 years old
(Online Supplementary Table S2). These findings again per-
sisted after limiting the analysis to non-referred patients.
No other differences in baseline characteristics, prognostic
parameters or prevalence of familial CLL were noted
between the groups aged ≤45, 46-50 and 51-55 years. 

After a median follow-up of 5.5 years (range, 0-17
years), 426/844 (51%) patients ≤ 55 years old had been
treated. Substantial changes in the treatment of CLL
occurred during the study period (1995-2012), with the
introduction of monoclonal antibodies and the develop-
ment of chemoimmunotherapy. As initial therapy, 153
(36%) patients received chemoimmunotherapy, 67 (16%)
received a single-agent purine nucleoside analog, 60 (14%)
received monoclonal antibody therapy with or without
corticosteroids, 59 (14%) received single-agent alkylator
therapy with or without corticosteroids, 42 (10%)
received combination chemotherapy consisting of an
alkylator with (n=24) or without (n=18) rituximab, 17
(4%) received a combination of purine nucleoside analog
and alkylator, and 28 (7%) patients received other treat-
ments. A higher proportion of patients in the group ≤55
years old received chemoimmunotherapy (36% versus
27%, P=0.005), single-agent purine nucleoside analog
(16% versus 8%, P<0.001), or a combination of purine
nucleoside analog and alkylator therapy (4% versus 2%,
P=0.009) compared to patients >55 years.

Fifty-five patients (7%) underwent an allogeneic stem
cell transplant in the ≤55 years age group compared to 23
(1%) patients in the >55 age group (P<0.0001). The asso-
ciation between age and allogeneic stem cell transplant
persisted when patients ≤55 years were further stratified
by age with those  ≤ 45 years (14%; 28/204) of age at diag-
nosis more likely to undergo  stem cell transplantation
than those 46-50 years (5%; 14/272) or 51-55 (4%; 13/
368) years of age (P<0.0001).

Time to first treatment and overall survival
After a median follow-up of 5.5 years (range, 0-17

years), 1095/3168 (25%) patients have died; 192 (23%) in
the ≤55 year old group and 903 (39%) in the >55 year old
group. For the entire group, the median time to first treat-
ment was 4.8 years, and the median overall survival was
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10.1 years. Patients ≤55 years old had a shorter time to
first treatment (4.0 years versus 5.2 years; P=0.001, Figure
1A) compared to patients >55 years old. This difference
disappeared after adjusting for Rai stage and IGHV muta-
tion status, suggesting that differences in disease stage and
biological characteristics (rather than age) were responsi-
ble for this difference. Despite the shorter time to first
treatment, patients ≤55 years old had a longer overall sur-
vival (12.5 years versus 9.5 years; P<0.0001, Figure 1B)
compared to patients >55 years old. Patients ≤55 years old
also had a longer overall survival compared to 968 patients
between 56-65 years of age (12.5 years versus 11.0 years,
P=0.001). In contrast, no differences in time to first treat-
ment or overall survival were observed when patients
aged ≤55 years were sub-stratified into ≤45, 46-50, and 51-
55 age groups (Figure 2A,B). The molecular biomarkers
ZAP-70 and CD38, IGHV mutation status, and cytogenet-
ic abnormalities on FISH analysis each independently pre-
dicted time to first treatment and overall survival in the
group ≤55 years old after adjusting for age, sex and Rai
stage (Online Supplementary Table S3). 

Comparison of overall survival with the general 
population

As a group, CLL patients ≤55 years old have significant-
ly shorter overall survival than the age- and sex-matched
population (median CLL=12.5 years; median popula-
tion=not reached; P<0.0001, Figure 3A). However, the sur-
vival of patients ≤55 years old who had Rai stage 0 disease
and were IGHV mutated was comparable to that of the
age- and sex-matched general population (P=0.97, Figure
3B). Similarly, patients ≤55 years old who had Rai stage 0
disease and either 13q- or normal FISH also had a survival
comparable to that of the age- and sex-matched general
population (P=0.27, Figure 3C).

Among the 358 young patients with both FISH and
IGHV results available, 171 were in Rai stage 0. Of these
171 patients, 97 (56.7%) had both mutated IGHV and a
favorable FISH risk category, 54 (31.5%) had one unfavor-
able factor and 20 (11.7%) had two unfavorable factors.
The median survivals in the groups with 0, 1, and 2 unfa-
vorable factors were not reached, 13.0, and 7.7 years,
respectively (P<0.001, Figure 3D). 

Discussion

In the past decade, considerable advances have been
made in our ability to predict outcome and treat patients
with CLL. This study is the first comprehensive report on

Table 1. Baseline characteristics of young (≤55 years) CLL patients compared
to older CLL patients (>55 years).
Characteristic ≤ 55 years > 55 years P value

n. (%) n. (%)

Number 844 2324
Median age, years (range) 50 (17-55) 67 (56-97)
Sex (male) 559 (66) 1562 (67) 0.60
Median white cell count 17.9 14.5 0.0001
(x109/L) (range) (0.7-443.0) (0.3-997.3)
Median absolute lymphocyte count¶ 8.4 7.3 0.11
(x109/L) (range) (0.0-380.6) (0.0-341.3)
Median absolute B-cell count¶ 11.2 8.2 0.0006
(x109/L) (range) (0.1-294.3) (0.0-666.7)
Median hemoglobin (g/L) (range) 139 (49-179) 135 (43-182) <0.0001
Median platelets (x109/L) (range) 192 (2-713) 186 (4-1229) 0.16
Median beta-2 microglobulin 2.3 (0.9-26.0) 2.7 (0.9-31.9) <0.0001
(mg/dL) (range)
Beta-2 microglobulin >2 x ULN <0.0001

Yes 86 (16) 319 (28)
No 440 (84) 814 (72)
Missing 318 1191

Rai Stage <0.0001
Low (0) 349 (44) 1223 (57)
Intermediate (I, II)* 425 (53) 807 (37)
High (III, IV) 25 (3) 134 (6)
Missing 45 160

Presentation subcategories
SLL presentation 95 (11) 282 (12) 0.5
MBL¶¶ 53 (9) 205 (13) 0.002

ECOG Performance Status 0.0007
0 755 (92) 1966 (88)
1-2 61 (8) 258 (11)
3-4 1 (0.1) 15 (1)
Missing 27 85

IGHV mutation status 0.002
Mutated, IGHV homology <98% 228 (46) 555 (55)
Unmutated, IGHV homology ≥98% 262 (54) 450 (45)
Missing 354 1319

ZAP-70 0.009
Negative (<20%) 296 (55) 754 (62)
Positive (≥20%) 240 (45) 465 (38)
Missing 308 1105

CD49d 0.01
Negative (<30%) 294 (71) 572 (64)
Positive (≥30%) 121 (29) 326 (36)

Missing 429 1426
CD38 0.81
Negative (<30%) 440 (67) 1177 (67)
Positive (≥30%) 219 (33) 572 (33)
Missing 185 575

FISH category 0.17
Normal 125 (27) 291 (25)
13q- 196 (43) 476 (40)
Trisomy 12 68 (15) 233 (20)
11q- 45 (10) 105 (9)
17p- 18 (4) 61 (5)
Other** 6 (1) 11 (1)
Missing 38 6 1147

Positive family history of CLL 92 (11) 197 (9) 0.04
Underwent SCT 55 (7) 23 (1) <0.0001
Referral status 0.001

Local 226 (27) 762 (33)
Referred 618 (73) 1561 (67)

Footnote to Table 1
¶Although all patients had an absolute lymphocyte count (ALC) at diagnosis, only a subset of
patients had an absolute B-cell count available. In the 269 patients ≤55 years for whom B-cell
counts were available the median ALC was 15.6x109/L (range, 0.6-297.3). In the 717 patients >55
years for whom B-cell counts were available, the ALC was 11.8x109/L (range, 0.5-280.7) *Patients
with a small lymphocytic lymphoma presentation are grouped with Rai intermediate stage
patients. ¶¶All patients in this series met the 1996 consensus criteria for a diagnosis of CLL which
were in effect for most of the study interval. The 2008 consensus criteria revised the criteria for the
diagnosis of CLL from an ALC >5x109/L to an absolute B-cell count >5x109/L. This row indicates
the number of patients in each group who would be reclassified to monoclonal B-cell lymphocy-
tosis when classified by the 2008 criteria. **FISH analysis revealed the following: In the ≤ 55 year
age group, four patients had 6q-, one patient had t(14;18) and one patient had IGHx3; In the >55
year age group, five patients had 6q-, three had t(14;18), two had 14q-, and one had t(8;14). ULN:
upper limit of normal; ECOG: Eastern Oncology Co-operative Group; SLL: small lymphocytic lym-
phoma; MBL: monoclonal B-cell lymphocytosis; IGHV: immunoglobulin heavy chain gene; FISH:
fluorescence in-situ hybridization; SCT: stem cell transplantation.
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the clinical characteristics and outcomes of a cohort of
young CLL patients (≤55 years old) in the modern era and
is approximately four times larger than any previous series
of young CLL patients. Furthermore, information on
IGHV gene mutation status and genetic abnormalities
detected by FISH was available for slightly more than half
(55%) of the patients, providing insight into the associa-
tions between age and molecular biomarkers. Significant
differences in the presentation of young CLL patients rel-
ative to older patients were observed: young patients were
more likely to present with intermediate Rai risk disease,
have unmutated IGHV gene mutation status and express
ZAP-70. Although the overall survival of young CLL
patients as a group is longer than that of CLL patients >55
years old, the survival of all CLL patients is markedly
shorter than that of their age- and sex-matched popula-
tion.

To the best of our knowledge, our study is the first to
report that young CLL patients have a higher prevalence
of adverse clinical and biological characteristics. These dif-
ferences persisted when we limited our analysis to non-
referred patients and became even more pronounced
when patients ≤55 years old underwent further age sub-
stratification. This observation suggests that young CLL
patients are more likely than older patients to have biolog-
ically aggressive disease. CLL patients aged ≤55 years old
were treated sooner than those >55 years old (median
time to first treatment: 4 versus 5.2 years, respectively). It
is possible that healthcare providers may have a bias
towards treating young CLL patients sooner than older
CLL patients who may have multiple other co-morbidi-
ties. However, the fact that the shorter time to first treat-
ment among young patients was no longer significant
after adjusting for Rai stage and IGHV mutation status
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Figure 1. (A) Time to first
treatment in patients ≤ 55
years vs. >55 years. (B)
Overall survival of patients
≤ 55 years vs. >55 years 
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suggests that the shorter time to first treatment among
young patients is driven by differences in disease biology
rather than age or the impact of co-morbidities. There
were no differences noted in time to first treatment among
the subgroups aged ≤45, 46-50 and 51-55 years old.

In the 1990s, Montserrat et al. reported that the overall
survival of young CLL patients is worse than that of the
age- and sex-matched normal population.9 More than 20
years later, our study confirms these findings. However,
with the inclusion of several novel prognostic markers, we
identified a subset of young patients whose survival is
similar to that of the age-and sex-matched general popula-
tion. Among the ~50% of the young patients in our series
who had Rai stage 0 disease, slightly more than half (25%
of all young patients) had both mutated IGHV and favor-
able FISH findings. The 15-year survival rate in these
patients was >90%. Such individuals should be carefully
followed to prevent disease-related complications - with
attention to vaccinations, vitamin D levels, skin cancer
surveillance, and monitoring for infectious and autoim-
mune complications of CLL. The rest of the patients are at
high risk of disease progression and represent ideal candi-
dates for enrollment into early intervention trials. This

would allow us to study the impact of novel treatments in
altering the natural history of this disease, and improve
disease-free survival and overall survival.

As expected based on transplant age-related eligibility
considerations, young CLL patients were more likely to
undergo stem cell transplantation.  One in 16 patients ≤55
years old received a stem cell transplant. Notably, while
age alone would not be an exclusion criterion to stem cell
transplantation in any patient ≤55 years old, the propor-
tion of patients who underwent stem cell transplantation
became even more pronounced when patients aged ≤55
years old were sub-stratified further by age.  In the group
≤45 years old, 14% received a stem cell transplant com-
pared to 5% in the group 46-50 years old and 4% in the
group 51-55 years old. The highest proportion of stem cell
transplantation was seen in patients <40 years of age
among whom one out of every five patients was eventu-
ally transplanted.

How do these results compare to those of historical
studies of young CLL patients? The influence of age on
the outcome of patients with CLL was first described in
the seminal publication by Rai et al. in 1975.39 In this classic
paper, 25 patients <50 years of age had a median overall
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Figure 2. (A) Time to first treatment
in ≤ 45 vs. 46-50 vs. 51-55 years the
age groups. (B) Overall survival in the
age groups ≤ 45 vs. 46-50 vs. 51-55
years.
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survival of 12.3 years which was superior to that of
patients in the older age groups. In a retrospective analysis
of 62 CLL patients <50 years published by Dhodapkar et
al. from our institution in 1993,10 the median survival was
11.7 years, and was better among early Rai stage patients
and those with a lymphocyte doubling time of >12
months. In a retrospective analysis of 117 CLL patients
≤55 years old reported in 1991, Montserrat et al.9 could not
identify any distinctive clinical or prognostic features (e.g.,
stage, absolute lymphocyte count, bone marrow histol-
ogy) among young patients relative to older patients. The
median overall survival of their cohort was 12 years. In

1994, Molica et al.8 published their experience of 53 young
CLL patients. There were no significant differences in tra-
ditional prognostic factors between these patients and
older adults; the median overall survival was 7.1 years
compared to 4.1 in the older age group. Two subsequent
retrospective series (each with ~200 patients aged ≤55
years) confirmed these results.7,30 Although the vast major-
ity of the aforementioned studies did not report any differ-
ences in the traditional prognostic parameters between
young and old CLL patients, we did find significant differ-
ences in these two populations of patients in the modern
era. It is notable that cohorts of patients with CLL cared
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Figure 3. (A) Overall survival of
young (≤55 years) CLL patients
relative to that of the age- and
sex-matched normal popula-
tion. (B) Overall survival of
young (≤55 years) CLL patients
with Rai stage 0 and mutated
IGHV gene (red solid line) com-
pared to that of the age-and sex-
matched normal population
(black dashed line). (C) Overall
survival of young (≤55 years)
CLL patients with Rai stage 0
and favorable-risk FISH catego-
ry (normal or 13q-, red solid
line) compared to an age-and
sex-matched normal population
(black dashed line). (D) Overall
survival of young (≤55 years)
CLL patients with Rai stage 0
stratified by IGHV mutation sta-
tus and FISH analysis. Black
solid line represents 0 unfavor-
able factors (mutated IGHV and
favorable FISH), the red dashed
line represents one unfavorable
factor and the green dashed line
represents two unfavorable fac-
tors. 
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for in the 1970s and 1990s all had the same median overall
survival of 12 years. This is exactly what we find in our
study more than three decades later, which is a reminder
that we need to be vigilant in developing and offering
treatment options that improve not only disease-free sur-
vival but overall survival as well.

Our study has several limitations. Not all patients had
novel molecular/biological parameters available for inclu-
sion in multiple analyses, given that these have only been
used routinely in the past 5-10 years. Also, the treatment
options for patients with CLL have undergone consider-
able changes during the study period. In addition, this was
a single-center, retrospective analysis which needs valida-
tion among other cohorts of patients. Although we found
that young CLL patients in Rai 0 stage with favorable
IGHV and FISH results have a comparable survival to that
of the general population over a 10-year interval, pro-
longed follow-up will be necessary to determine if this
holds true in the long term. 

In summary, this study helps to formulate general con-
cepts regarding the management and natural history of
patients who are diagnosed with CLL well under the medi-
an age of presentation of this disease. Young CLL patients
have an adverse clinical and molecular risk profile (i.e, Rai
stage, IGHV mutation status) compared to older patients.

As a collective group, the median overall survival of CLL
patients aged ≤55 is 12 years - which is significantly shorter
than that of the age- and sex-matched population. Despite
this discouraging group average, we found that approxi-
mately 25% of young patients in our study who have Rai
Stage 0 disease and either mutated IGHV genes or a favor-
able FISH risk category (such as normal cytogenetics or
13q-) have a survival comparable to that of the age- and
sex-matched general population. Accordingly, information
from prognostic testing of molecular biomarkers can be
used to stratify outcome in younger patients and identify
those most likely to benefit from participation in trials test-
ing early intervention strategies.
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