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The utility of the chronic lymphocytic leukemia-international prognostic index (CLL-IPI) in pre-
dicting outcomes of individuals with Rai 0 stage CLL and monoclonal B-cell lymphocytosis
(MBL) is unclear. We identified 969 individuals (415 MBL and 554 Rai 0 CLL; median age, 64
years; 65% men) seen at Mayo Clinic between 1 January 2001 and 1 October 2018, and as-
certained time to first therapy (TTFT) and overall survival (OS). After a median follow up of 7
years, the risk of disease progression needing therapy was 2.9%/y for MBL (median, not
reached) and 5%/y for Rai 0 CLL (median, 10.4 years). Among patients with low, intermedi-
ate, and high/very high-risk CLL-IPI risk groups, the estimated 5-year risk of TTFT was 13.5%,
30%, and 58%, respectively, P < .0001 (c-statistic 5 0.69); and the estimated 5-year OS was
96.3%, 91.5%, and 76%, respectively, P < .0001 (c-statistic 5 0.65). In a multivariable analysis
of absolute B-cell count with individual factors of the CLL-IPI, the absolute B-cell count was as-
sociated with shorter TTFT (hazard ratio [HR] for each 10 3 109/L increase: 1.31; P < .0001)
and shorter OS (HR: 1.1; P 5 .02). The OS of the entire cohort was similar to that of the age-
and sex-matched general population of Minnesota (P 5 .17), although Rai 0 CLL patients with

high and very high-risk CLL-IPI score had significantly shorter OS (P 5 .01 and P 5 .0001, respectively). The results of this
study demonstrate the ability of CLL-IPI to predict time from diagnosis to first treatment (an end point not affected by
therapy) in a large cohort of patients whose only manifestation of disease is a circulating clonal lymphocyte population.
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KEY PO INTS

� The 5-year risk of
needing therapy among
MBLwith low-,
intermediate-, and high-/
very high–risk CLL-IPI
scores is 7%, 14%, and
40%, respectively.

� Survival of Rai 0 CLL
patients with high-/very
high–risk CLL-IPI score
is shorter compared
with age- and sex-
matched population.
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and overall survival in Rai 0 chronic lymphocytic leukemia (CLL) and monoclonal B-cell lymphocytosis (MBL)
2. Determine the impact of incorporating absolute B-cell count as an additional factor to the CLL-IPI to predict outcomes
3. Identify overall survival in patients with MBL and Rai 0 CLL compared with the age- and sex-matched general population and

other clinical implications of this study of predictive ability of CLL-IPI in patients with Rai stage 0 CLL and MBL
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Introduction
Small clonal B-cell populations are present in the peripheral blood
of �3% of all US adults older than age of 40 years and �5% of
those older than age 60 years.1 Although many individuals with
these small B-cell clones never come to clinical attention, about 2%
are clinically ascertained when they undergo evaluation for lym-
phocytosis or cytopenias identified on a routine complete blood
count. The conundrum of how to classify such individuals was stan-
dardized in 2005 by somewhat arbitrarily designating individuals
with a circulatingpopulation of clonal B cells with a chronic lympho-
cytic leukemia (CLL)-like phenotype (ie, CD51, CD191, CD231,
CD20 [dim], and k/l light chain restriction [dim]) and a total B-cell
count of ,5 3 109/L as having monoclonal B-cell lymphocytosis
(MBL), and labeling those with B-cell counts above this threshold
as CLL.2 Individuals with MBL are often further categorized as hav-
ing low-count or high-count MBLs based on whether the clonal
B-cell count is below or above 0.53 109/L, respectively.3

The 2018 International Workshop for CLL (iwCLL) guidelines rec-
ommend close observation for individuals with MBL and Rai 0
CLL, without any active therapy at the time of diagnosis.3,4 Ac-
curately predicting which individuals will experience a more or
less aggressive clinical course after diagnosis has been challeng-
ing. Knowledge of prognosis can be used to counsel patients
and tailor frequency of follow-up. For more than 40 years, the
Rai/Binet staging classifications have formed the backbone of
CLL management.5,6 Independent of stage, a wide array of bio-
logic and molecular factors that relate to prognosis have been
identified, including immunoglobulin heavy chain (IGHV) gene
mutation status, cytogenetic abnormalities, CD49d protein ex-
pression, and characteristics of the host immune environment.7

To integrate the results of multiple discordant prognostic

parameters into a single risk score, the CLL-International Prog-
nostic Index (CLL-IPI) was developed and identified the follow-
ing 5 parameters to be independently associated with shorter
overall survival (OS): age .65 years, Rai stage $I, unmutated
IGHV gene, serum b-2 microglobulin (b2M) .3.5 mg/L, and
TP53 disruption (either by deletion 17p detected by fluores-
cence in situ hybridization [FISH] or TP53 mutation). Using a
weighted grading system, 4 risk categories based on the total
score were assigned: low risk (score 0-1), intermediate risk (score
2-3), high risk (score 4-6), and very high risk (score 7-10). Al-
though the CLL-IPI was originally developed with the intent to
predict OS, it was also found to predict time to first therapy
(TTFT). In a cohort of newly diagnosed CLL patients seen at
Mayo Clinic, the CLL-IPI showed that the 5-year treatment-free
survival for patients in the low-, intermediate-, high-, and very
high-risk categories was 78%, 57%, 32%, and 0%, respectively.8

The CLL-IPI has also been shown to predict TTFT in other co-
horts of asymptomatic CLL patients at the time of diagnosis, in-
cluding individuals who have Rai stage I and II disease.9,10 There
are limited data, however, of the utility of the CLL-IPI in predict-
ing TTFT and OS in individuals whose only disease manifestation
is a circulating B-cell clone (ie, those with Rai 0 CLL or MBL). In
the current study, we sought to determine (1) if the CLL-IPI can
predict TTFT and OS in Rai 0 CLL and MBL and (2) whether ab-
solute B-cell count should be incorporated as an additional fac-
tor to the CLL-IPI to predict outcomes.

Methods
The Mayo Clinic CLL Database comprises individuals with a
clonal B-cell population of CLL immunophenotype who are
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seen at Mayo Clinic, Rochester, MN, and who allow their medi-
cal records be used for research purposes.11-13 We identified
individuals with MBL and previously untreated Rai 0 CLL in the
Mayo Clinic CLL Database who were seen within 3 years of
their initial diagnosis. Baseline clinical characteristics including
age, sex, Rai stage, serum b2M, lactate dehydrogenase, IGHV
mutation status, and genetic abnormalities detectable by FISH
were ascertained at the time of diagnosis. TP53 mutation assay
was performed as part of routine clinical care in a subset of in-
dividuals using Sanger sequencing to detect the presence of
somatic mutations involving exons 4 through 9 and associated
splice junctions (sensitivity of the assay is �15% to 20%). The
CLL-IPI was computed on individuals as previously described
(individuals with MBL were considered to have Rai 0 disease
for calculating the CLL-IPI).8 For those individuals in which all
the components to accurately classify the CLL-IPI risk category
were not available, we assigned CLL-IPI value if knowledge of
the missing values would not have affected CLL-IPI risk group.
Individuals were followed until death or loss to follow-up. The
Mayo Clinic institutional review board approved this study.

Statistical analyses
We used x2 tests to compare discrete variables and the Kruskal-
Wallis test to compare continuous variables. The OS was calcu-
lated from date of diagnosis to date of death or last known alive
date. The TTFT was calculated from date of diagnosis to date of
first treatment or date last known to be untreated. Individuals
with CLL treated on early intervention trials for high-risk disease
(ie, those who did not meet the 2018 iwCLL criteria3 for initiation

of therapy) were censored on the date of treatment initiation for
the purposes of TTFT analyses. Kaplan-Meier plots displayed
OS, cumulative incidence plots displayed TTFT and time to pro-
gression to CLL, and log-rank tests compared OS and TTFT by
CLL-IPI. We computed c-statistics to evaluate model discrimina-
tive ability. Cox proportional hazards models were used to esti-
mate hazard ratios (HR) and 95% confidence intervals (CI) in OS
and TTFT analyses. The Fine-Gray method was used to evaluate
competing risk of death in the TTFT analyses. All statistical anal-
yses were performed using SAS 9.4 (SAS Institute, Cary, NC).

Results
A total of 969 individuals seen between 1 January 2001 and 1
October 2018 were included in final analysis (415 MBL and 554
Rai 0 CLL). The median age was 64 years (range, 31-91), and 631
(65%) were men. The distribution of the overall cohort according
to the CLL-IPI risk groups was low risk in 566 individuals (58%),
intermediate risk in 304 (31%), high risk in 84 (9%), and very high
risk in 15 (2%) individuals. Table 1 shows the baseline characteris-
tics of all individuals included in this study. The median follow-up
time for the study was 7.0 years; 282 individuals received therapy
and 212 died. Supplemental Table 1, available on the Blood
Web site, shows the types of treatment administered.

Time to first therapy in MBL and Rai 0 CLL,
according to the CLL-IPI
In the overall cohort, the CLL-IPI predicted TTFT (Figure 1A, P
, .0001); estimated 5-year risk of needing therapy was 13.5%

Table 1. Baseline characteristics of all individuals with MBL or Rai 0 CLL

Characteristic MBL (N 5 415) CLL (N 5 554) Total (N 5 969)

Median age, y (range) 65 (41-87) 63 (31-91) 64 (31-91)

Males 263 (63.4%) 368 (66.4%) 631 (65.1%)

Median absolute lymphocyte count, 3109/L (range) 6.2 (0.9-11.8) 14.8 (5.5-280.7) 9.7 (0.9-280.7)

Median absolute clonal B-cell count, 3109/L (range) 2.9 (0.03-4.9) 9.3 (5.0-172.0) 5.7 (0.03-172.0)

IGHV mutation status
Mutated 298 (71.8%) 355 (64.3%) 653 (67.5%)
Unmutated 117 (28.2%) 197 (35.7%) 314 (32.5%)

Median serum b-2 microglobulin (mg/mL) 2.1 (0.9-21.5) 2.2 (0.2-15.8) 2.2 (0.2-21.5)

CLL FISH*

Low risk (del13q) 186 (45.3%) 288 (52.7%) 474 (49.5%)
Intermediate risk (trisomy 12 or negative) 193 (47.0%) 203 (37.2%) 396 (41.4%)
High risk (del11q or del17p) 32 (7.8%) 55 (10.1%) 87 (9.1%)

TP53 disruption (either by del17p FISH or TP53mutation) 20 (4.8%) 26 (4.7%) 46 (4.7%)

CD49d $30% 127 (31.8%) 107 (21.2%) 234 (25.9%)

CD38 $20% 88 (21.3%) 114 (20.8%) 202 (21.0%)

CLL-IPI
Low risk 258 (62.2%) 308 (55.6%) 566 (58.4%)
Intermediate risk 116 (28.0%) 188 (33.9%) 304 (31.4%)
High risk 37 (8.9%) 47 (8.5%) 84 (8.7%)
Very high risk 4 (1.0%) 11 (2.0%) 15 (1.5%)

�Eleven individuals (3 with MBL and 8 with Rai 0 CLL) have other findings on FISH studies, including 3 individuals who had del6q (1 MBL, 2 CLL) and 8 individuals with del14q
(2 MBL, 6 CLL).
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in the low-risk CLL-IPI group, 30.0% in intermediate-risk CLL-IPI,
60.7% in high-risk CLL-IPI, and 43.6% in very high-risk CLL-IPI.
The overall risk of disease progression needing therapy signifi-
cantly differed (P , .0001) between MBL and CLL, with a 2.9%
risk per year for individuals with MBL (median, not reached) and
5% per year for Rai 0 CLL (median, 10.4 years). Even within the
same CLL-IPI risk groups, the TTFT significantly differed for indi-
viduals with MBL compared with Rai 0 CLL (Table 2), with the
following estimated 5-year risk of needing therapy: 7.1% vs
18.6% for low-risk CLL-IPI (P 5 .002); 13.4% vs 40.8% for inter-
mediate-risk CLL-IPI (P , .0001); 43.0% vs 74.3% for high-risk
CLL-IPI (P 5 .02); and 0% vs 57.8% for very high-risk CLL-IPI (P
5 .09), respectively. (Note: the number of individuals in the
very high CLL-IPI risk group was very small; MBL [n 5 4] and
Rai 0 CLL [n 5 11]). Figure 1B-C shows the TTFT among individ-
uals with MBL and Rai 0 CLL, respectively, according to the
CLL-IPI. Table 3 shows the estimated HR, along with the corre-
sponding 95% CI and P value for TTFT among individuals in
the intermediate-, high-, and very high-risk CLL-IPI groups

(relative to low-risk CLL-IPI as the reference group). The c-statis-
tic of the CLL-IPI in predicting TTFT for the overall cohort was
0.69 (0.67 for MBL and 0.70 for Rai 0 CLL). Supplemental Figure
1 shows the TTFT among individuals with intermediate-risk MBL
is similar to low-risk Rai 0 CLL; the TTFT among individuals with
high-risk MBL is similar to intermediate-risk Rai 0 CLL.

Overall survival in MBL and Rai 0 CLL, according
to the CLL-IPI
The median OS for the entire cohort was 17.8 years (17.9 for MBL
and 17.2 for Rai 0 CLL). The CLL-IPI predicted OS in the overall
cohort (Figure 2A, P , .0001): estimated 5-year survival was
96.3% in the low-risk CLL-IPI group, 91.5% in intermediate-risk
CLL-IPI, 80.0% in high-risk CLL-IPI, and 42.1% in very high-risk
CLL-IPI. OS was not significantly different for individuals with MBL
compared with Rai 0 CLL in the same CLL-IPI risk group (Table 2),
with the following estimated 5-year survival: 95.3% vs 97.1% for
low-risk CLL-IPI (P 5 .98), 94.2% vs 89.8% for intermediate-risk
CLL-IPI (P 5 .55), 83.6% vs 77.1% for high-risk CLL-IPI (P 5 .14),
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Figure 1. Time to first CLL therapy in MBL and Rai 0 CLL. (A) Time to first treatment by CLL-IPI risk score in the overall cohort. (B) Time to first treatment in monoclonal
B-cell lymphocytosis, according to the CLL-IPI risk score, and (C) time to first treatment in Rai 0 chronic lymphocytic leukemia, according to the CLL-IPI risk score. Note: In-
dividuals with MBL who had very high-risk CLL-IPI score (n 5 4) did not need therapy with current follow-up and hence panel B does not show any events for that group.
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and 75.0% vs 26.9% for very high risk CLL-IPI (P 5 .36), respec-
tively. Figure 2B-C shows the OS among individuals with MBL and
Rai 0 CLL, respectively, according to the CLL-IPI. Table 3 shows
the estimated HR, along with the corresponding 95% CI and P
value for OS among individuals in the intermediate-, high-, and
very high-risk CLL-IPI risk groups (relative to low-risk CLL-IPI as the
reference group). The c-statistic of the CLL-IPI in predicting OS for
the overall cohort was 0.65 (0.61 for MBL and 0.67 for Rai 0 CLL).
Because the number of individuals with very high-risk CLL-IPI risk
score was small, we combined the high- and very high-risk groups

into a single group. Supplemental Figures 2 and 3 show the TTFT
and OS, respectively, of individuals with MBL and CLL according
to 3 CLL-IPI risk groups: low, intermediate, and high/very high.

Impact of the absolute B-cell count on TTFT and OS
Because our study only included individuals with Rai 0 CLL and
MBL, Rai stage adds no useful information to the CLL-IPI model.
Based on previous evidence that absolute B-cell count is associat-
ed with progression in such patients,14-17 we explored whether B-
cell count may add prognostic value in place of Rai stage. On

Table 3. Cox proportional hazard model to estimate hazard ratios and 95% CI for time to first therapy and OS in
MBL and Rai 0 CLL

CLL-IPI risk group

MBL

Time to first therapy Overall survival

HR 95% CI P HR 95% CI P

Intermediate vs low 2.7 1.6-4.5 .0002 1.9 1.1-3.1 .01

High vs low 6.2 3.1-12.5 <.0001 2.6 1.4-5.1 .003

Very high vs low Not estimable — — 5.3 1.3-22.0 .02

CLL-IPI risk group

CLL

Time to first therapy Overall survival

HR 95% CI P HR 95% CI P

Intermediate vs low 2.9 2.1-4.0 <.0001 2.0 1.4-3.0 .0005

High vs low 6.1 3.7-9.5 <.0001 4.2 2.5-7.2 <.0001

Very high vs low 5.4 1.8-15.0 .002 12.2 5.9-25.1 <.001

Values in bold indicate P , .05.

Table 2. Time to first therapy and overall survival according to the CLL-IPI risk score among MBL and Rai 0 CLL

CLL-IPI

Time to first therapy

Estimated 5-y risk Estimated 10-y risk

MBL, % Rai 0 CLL, % MBL, % Rai 0 CLL, % MBL vs CLL, P

Low 7.1 18.6 14.9 33.7 .002

Intermediate 13.4 40.8 49.0 67.7 <.0001

High 43.0 74.3 75.1 81.9 .02

Very high 0.0 57.8 0.0 Not estimable .09

CLL-IPI

Overall survival

Estimated 5-y risk Estimated 10-y risk

MBL, % Rai 0 CLL, % MBL, % Rai 0 CLL, % MBL vs CLL, P

Low 95.3 97.1 82.4 80.7 .98

Intermediate 94.2 89.8 72.8 67.9 .55

High 83.6 77.1 62.4 46.0 .14

Very high 75.0 26.9 75.0 13.5 .36

Values in bold indicate P , .05.
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univariable analysis, absolute B-cell count at the time of diagnosis
predicted TTFT and OS in the entire cohort (HR for each
10 3 109/L increase in absolute B-cell count: 1.34, 95% CI, 1.27-
1.42; P , .0001; and HR 1.10, 95% CI, 1-02-1.18; P 5 .02, re-
spectively). When the absolute B-cell count was dichotomized at
the 5 3 109/L threshold (to account for MBL vs Rai 0 CLL

diagnoses), the shorter TTFT remained significant (HR for each 10
3 109/L increase in absolute B-cell count: 2.2, 95% CI, 1.6-2.9;
P , .0001); however, the shorter OS was borderline nonsignificant
(HR 1.3, 95% CI, 0.96-1.7; P 5 .09). Table 4 shows multivariable
analysis of absolute B-cell count along with the other individual
prognostic factors in the CLL-IPI. In addition to age, serum b2M,
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Figure 2. OS in MBL and Rai 0 CLL. (A) Overall survival by CLL-IPI in the entire cohort, (B) overall survival by CLL-IPI in monoclonal B cell lymphocytosis, and (C) over-
all survival by CLL-IPI in Rai 0 chronic lymphocytic leukemia.

Table 4. Multivariable analysis of the impact of absolute B-cell count on the individual components of the CLL-IPI
in individuals with Rai 0 CLL and MBL

Characteristic

Time to first therapy Overall survival

HR 95% CI P HR 95% CI P

Age .65 y 0.8 0.6-1.1 .12 3.5 2.5-4.9 <.0001

Unmutated IGHV genes 3.4 2.6-4.4 <.0001 1.7 1.3-2.3 .0004

Serum b-2 microglobulin .3.5 g/L 2.5 1.7-3.6 <.0001 2.7 1.9-3.7 <.0001

TP53 disruption 1.4 0.7-2.7 .36 2.2 1.3-3.7 .005

Absolute B-cell count� 1.31 1.26-1.37 <.0001 1.1 1.01-1.2 .02

Rai stage† NA NA NA NA NA NA

NA, not available.
�HR for each 10 3 109/L increase.
†All individuals would fall in the Rai stage 0 category.
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IGHV mutation, and TP53 disruption status, the absolute B-cell
count was associated with a shorter OS (HR for each 10 3 109/L
increase: 1.1; 95% CI, 1.01-1.2, P 5 .02). The absolute B-cell
count was also significantly associated with shorter TTFT (HR for
each 10 3 109/L increase: 1.31; 95% CI, 1.26-1.37, P , .0001) in
addition to IGHV mutation and serum b-2 microglobulin; however,
age and TP53 disruption were not associated with shorter TTFT
in this model. The c-statistic of the absolute B-cell count in
predicting TTFT and OS was 0.70 and 0.56, respectively. The
c-statistic of the combination of CLL-IPI and absolute B-cell

count in predicting TTFT was 0.76; for OS, for the overall
cohort was 0.66.

Table 5 shows the c-statistic of IGHV mutation status alone,
CLL-IPI risk score, and the combination of IGHV mutation status,
serum b2M, and absolute B-cell count in predicting TTFT and
OS in the overall cohort, and among individuals with MBL and
Rai 0 CLL. The combination of IGHV mutation status, serum
b2M, and absolute B-cell count has similar c-statistic to predict
OS compared with the CLL-IPI. However, the combination of
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Figure 3. OS of MBL and Rai 0 CLL patients compared to general population. (A) Overall survival in the entire cohort compared with expected survival in an age-
and sex-matched population of Minnesota, (B) overall survival in monoclonal B-cell lymphocytosis compared with expected survival in an age- and sex-matched popula-
tion of Minnesota, and (C) overall survival in Rai 0 chronic lymphocytic leukemia compared with expected survival in an age- and sex-matched population.

Table 5. C-statistic of time to first therapy and overall survival

OS TTFT

Cohort N IGHV IGHV, B2M, ABC CLL-IPI IGHV IGHV, B2M, ABC CLL-IPI

Overall 900 0.58 0.66 0.65 0.67 0.76 0.69

MBL 390 0.55 0.64 0.61 0.63 0.68 0.67

Rai 0 CLL 510 0.59 0.67 0.67 0.69 0.76 0.70

ABC, absolute B cell count.
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IGHV mutation status, serum b2M, and absolute B-cell count
has an improved c-statistic in predicting TTFT, a finding that is
predominantly driven by Rai 0 CLL patients.

Outcomes compared with age- and sex-matched
general population
We next compared the OS of all individuals with MBL and Rai 0
CLL included in this study to the age- and sex-matched general
population of the state of Minnesota. Figure 3 shows that, relative
to the general population, the OS of the combined cohort of MBL
and Rai 0 CLL was similar (Figure 3A; P5 .17). TheOSof individuals
with MBL was longer (Figure 3B; P5 .005) compared with the gen-
eral population, whereas the OS of those with Rai 0 CLL was similar
to the general population (Figure 3C; P 5 .42). Figure 4A-D show
the OS of individuals with MBL compared with the age- and
sex-matched general population of the state of Minnesota, accord-
ing to the CLL-IPI risk score. The OS of individuals with MBL who
had low-risk CLL-IPI score was significantly longer compared with
the age- and sex-matchedgeneral population; however, therewere
no significant differences in OS among individuals with intermedi-
ate-, high-, and very high-risk CLL-IPI compared with age- and
sex-matched general population of the state of Minnesota. Fig-
ure 5A-D shows the OS of patients with Rai 0 CLL compared with

the age- and sex-matched general population of the state ofMin-
nesota, according to the CLL-IPI score. Similar to MBL, individu-
als with Rai 0 CLL who had low-risk CLL-IPI score had a longer OS
compared with the general population; in contrast, Rai 0 CLL pa-
tients with high- and very high-risk CLL-IPI risk scores had a
significantly shorter OS.

Discussion
The vast majority of patients with CLL and virtually all individuals
with MBL are asymptomatic at the time of diagnosis, and do not
need therapy.18 The 2018 iwCLLguidelines recommend “watchful
waiting” with close monitoring for progression of disease with pe-
riodic physical examination and laboratory testing.8 The most
common question asked by patients during this “watch-and-wait”
management strategy is when will they need therapy for their dis-
ease? Although several risk predictionmodels are published in the
literature to date, these studies included (1) progressive patients
treated in clinical trials8; (2) patients with advanced stage CLL19,20;
and (3) those that evaluatedOS as the primary outcome.5,8,21,22 In
this study, we present data about TTFT by CLL-IPI risk category in
individuals with MBL and Rai 0 CLL, an important clinical outcome
among individuals who have no manifestation of clinical disease
other than clonal lymphocytosis.
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Figure 4. OS of individuals with MBL, according to the CLL-IPI risk score, relative to the general population. (A) Overall survival of MBL individuals according to
low-risk, (B) intermediate-risk, (C) high-risk, and (D) very high-risk CLL-IPI score compared with the age- and sex-matched general population of the state of Minnesota.
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The results from our study demonstrate that the CLL-IPI is a ro-
bust prognostic tool for predicting risk of progressive disease
needing therapy among individuals with MBL and Rai 0 CLL. Of
the 415 individuals with MBL included in this study, �60% had
low-risk CLL-IPI score, �28% had intermediate-risk disease, and
�10% had high-/very high-risk CLL-IPI score. In contrast to the
generic 1% to 2% per year risk of progression to therapy typically
quoted to individuals with MBL,4,17,23,24 results from our study
show this risk can be further stratified using the CLL-IPI risk score,
in which the 1-year risk of needing therapy is �1% in the low-risk
CLL-IPI group compared with �2.5% in those with intermediate
risk CLL-IPI and �8% in the combined high- and very-high CLL-IPI
risk groups. This represents an approximately twofold higher risk
of needing therapy in individuals with MBL who have intermediate
risk CLL-IPI score, and approximately sixfold higher risk of needing
therapy in individuals with MBL who have a high-/very high–risk
CLL-IPI score. These findings have significant implications for the
management of MBL because a subset of these individuals should
likely be followed more closely for progressive disease.

Prior studies have shown the importance of absolute B-cell count
in predicting TTFT and OS among individuals with early-stage

asymptomatic CLL and MBL.14,15,25 Findings from the current
study confirm these observations and extend our understanding
of the impact of absolute B-cell count in the context of other bi-
ological variables that are included in the CLL-IPI risk score. In
addition to being important in univariable analysis, a higher ab-
solute B-cell count (as a continuous variable) remained signifi-
cantly associated with shorter TTFT and OS in multivariable
analysis after adjusting for other variables including FISH, IGHV
mutation status, and serum b2M. It is interesting to note that in-
dividuals with MBL in the high- and very high-risk CLL-IPI risk
score category have a shorter TTFT and OS compared with Rai
0 CLL patients with low-risk CLL-IPI score. These findings sug-
gest the underlying biology of the disease process (determined
by the IGHV mutation status, serum b2M, and FISH status) plays
a much greater role in predicting outcomes compared with the
arbitrary dichotomized threshold of a B-cell count of 5 3 109/L
to predict TTFT and OS. If these findings are replicated in other
cohorts, the threshold of B-cell count to define a premalignant
condition (MBL) from cancer (CLL) may need to be reexamined.

A recent multicenter study proposed a new prognostic score
for early stage asymptomatic CLL (IPS-E), and found that an
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Figure 5. OS of Rai 0 CLL patients, according to the CLL-IPI risk score, relative to the general population. (A) Overall survival of Rai 0 CLL according to low-risk,
(B) intermediate-risk, (C) high-risk, and (D) very high-risk CLL-IPI score compared with the age- and sex-matched general population of the state of Minnesota.
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absolute lymphocyte count .15 3 109/L, palpable lymph no-
des, and unmutated IGHV gene were significant factors in pre-
dicting TTFT.26 The IPS-E score cannot be applied to individuals
with MBL (the absolute lymphocyte count is typically ,12 3

109/L) or to patients with Rai 0 CLL (they do not have palpable
lymph nodes, by definition). The IPS-E score did not find serum
b2M as an independent predictor of TTFT; in contrast, the CLL-
IPI score includes this factor, and indeed we found that it re-
mains an important predictor of TTFT in our analyses of MBL
and Rai 0 CLL, after adjusting for IGHV mutation status, TP53
disruption, and age. Given that Rai stage does not factor in the
CLL-IPI model for our study, we substituted it with absolute B-
cell count and found that similar to the IPS-E, TP53 disruption
(either del17p by FISH and/or TP53 mutation) was not significant
in this model. These results indicate that although TP53 disrup-
tion is an important predictive biomarker for CLL therapy, it
plays a limited role in predicting disease progression in Rai 0
CLL and MBL. This is particularly true for patients with Rai 0 CLL,
where the c-statistic of the combination of IGHV mutation status,
serum b2-microglobulin, and absolute B-cell count has a better
c-statistic in predicting TTFT compared with the CLL-IPI.

Despite the importance of the CLL-IPI, the c-statistic of this
prognostic tool in predicting TTFT among individuals with MBL
and CLL-IPI is modest at 0.69. This does not cross the threshold
of 0.7 thought to be useful for predicting risk at an individual
level. The addition of absolute B-cell count to CLL-IPI improved
the c-statistic to 0.76, which suggests this is an important vari-
able to be considered in the evaluation of Rai 0 CLL and MBL.
However, the absolute B-cell count did not provide incremental
benefit to the CLL-IPI in improving the prediction for OS. Addi-
tional biomarkers of interest, such as polygenic risk score,27

number and types of somatic mutations identified by next-
generation sequencing,28 measures of immune function such as
serum immunoglobulins, and serum B-cell maturation antigen,29

are all being investigated to improve our ability to predict comes
of individuals with early stage asymptomatic CLL and MBL.

In our analysis, the OS of the overall cohort of individuals with MBL
and Rai 0 CLL did not appear to be significantly different compared
with the age- and sex-matched general population of the state of
Minnesota. However, when evaluating the OS of Rai 0 CLL patients
within individual CLL-IPI risk groups, it appears that those with high-
and very high-risk CLL-IPI groups have shorter OS compared with
the age- and sex-matched general population, whereas those with
low and intermediate risk have similar OS. Given the availability of
novel oral agents in themanagement of CLL and the renewed inter-
est in evaluating them for early intervention in CLL, clinical trials
evaluating the value of early intervention in patients with CLL that
have high- and very high-risk CLL-IPI risk score seems appropriate.
The findings of an improved OS of individuals with low-risk CLL-IPI
score in both MBL and Rai 0 CLL is intriguing. It is plausible that
these individuals who seek care at our institution may have longer
OS relative to the general population because of referral bias, en-
hanced screening for second malignancies including skin cancers,
and appropriate counseling about the risk of infections. However,
given the retrospective nature of the study, these data remain hy-
pothesis generating; prospective study, longer follow-up, and ex-
ternal validation are necessary to confirm these initial findings.

Our study has several limitations. It is a single-center study, and
hence results may not be generalizable. Second, the treatment

of CLL has undergone significant changes in the 2 decades since
these patients were enrolled, and this may affect the assessment
of OS. However, time to first CLL therapy inherently remains a
function of the underlying biology of the disease, and therefore
these results would still be valid at the current time. There were
very few individuals in the very high CLL-IPI risk group among
both the MBL and CLL cohorts. We may have misclassified some
individuals as having no abnormality on FISH studies because
the threshold of detecting abnormalities on cytogenetic testing
is �2 3 109/L B lymphocytes. Finally, not all individuals had
TP53 mutation testing performed, which may have led to inaccu-
rate classification of �3% to 5% individuals who have TP53 aber-
ration in the absence of del17p by FISH testing.30,31 In addition,
among those patients who had TP53 sequencing performed, the
sensitivity of the assay (Sanger sequencing) was �15% to 20%.

In summary, the CLL-IPI assessed at the time of initial diagnosis
predicts TTFT and OS in individuals with both MBL and Rai 0
CLL. Although the utility of CLL-IPI to stratify OS may be evolv-
ing in the novel therapy era, the results of this study demon-
strate its ability to predict time from diagnosis to first treatment
(an end point not impacted by the evolution of therapy) in a
large cohort of patients whose only manifestation of disease is a
circulating clonal lymphocyte population.
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