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The chronic lymphocytic leukemia comorbidity index (CLL-CI) is an efficient, CLL-specific

tool derived from the Cumulative Illness Rating Scale. The CLL-CI is based on the

assessment of the organ systems found to be most strongly associated with event-free

survival (EFS) in CLL: vascular, upper gastrointestinal, and endocrine, at the time of

initiation of CLL therapy. The CLL-CI categorizes patients into low, intermediate, and

high risk groups. In the present study, we have employed the CLL-CI in a population-

based cohort comprising 4975 patients with CLL. We demonstrate that CLL-CI retains

prognostic significance in this large cohort and is associated with overall survival (OS)

and EFS from time of first therapy. Furthermore, CLL-CI associates with OS, EFS, and

time to first treatment from diagnosis independently of the CLL International Prognostic

Index. These findings support the use of the CLL-CI both in research and in clinical

practice.

Introduction

Advanced age and comorbid medical conditions are common and may influence outcomes in chronic
lymphocytic leukemia (CLL).1,2 The International Workshop on CLL 2018 guidelines recommend assess-
ment of comorbidities in patients enrolled in clinical trials,1 which is most commonly done using the
Cumulative Illness Rating Scale (CIRS).3 We and others have previously demonstrated that CIRS
correlates with survival and tolerance of therapy in CLL and non-Hodgkin lymphomas, including
patients treated with chemoimmunotherapy, targeted agents, and chimeric antigen receptor T-cell ther-
apy.4-7 Despite the widespread use of CIRS in CLL research, it has not become part of common clinical
practice.

The ideal method for measuring comorbidities in patients with CLL, particularly in a fast-paced clinical
practice setting, has not been established. Furthermore, it remains unknown which comorbidities are
most relevant to CLL outcomes. An analysis of the Danish CLL Register demonstrated an association
between nearly all individual comorbidities and overall survival (OS),8 whereas findings from smaller stud-
ies regarding non-Hodgkin lymphomas are inconsistent.2,7,9 To address this matter, using a machine
learning ensemble approach, we recently developed the CLL comorbidity index (CLL-CI) which is a user-
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Key Points

� The CLL comorbidity
index demonstrates
prognostic signifi-
cance in a large
patient cohort,
justifying its use in
clinical care and
research.

� The CLL comorbidity
index associates with
time to first treatment,
event-free survival,
and overall survival in
treatment-naive
patients with CLL.
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friendly tool designed for clinical practice.10 We identified vascular,
upper gastrointestinal, and endocrine CIRS categories as the most
strongly associated with event-free survival (EFS) from time of treat-
ment. These categories were combined to create the CLL-CI score,
with each comorbidity category adding 1 point (0 5 low risk; 1 5

intermediate risk; 2-3 5 high risk). The present study further investi-
gates the clinical impact of the CLL-CI on EFS, time to first

treatment (TTFT), and OS, at diagnosis and initiation of therapy,
using a population-based cohort.

Methods

All patients registered with CLL in the Danish National CLL Register
between 2008 and 2018 were included in the study.11 Baseline

Table 1. Baseline data from time of CLL diagnosis for 4975 patients from the Danish CLL register diagnosed with CLL between 2008

and 2018

Low risk

(n 5 3115)

Intermediate risk

(n 5 1493)

High risk

(n 5 367)

Overall

(n 5 4975) P

Follow-up (y) ,.0001

Median [Q1, Q3] 4.55 [2.43, 7.11] 4.21 [2.22, 6.57] 3.90 [1.86, 6.23] 4.39 [2.31, 6.88]

Sex .0042

Female (%) 1270 (40.8) 533 (35.7) 142 (38.7) 1945 (39.1)

Male (%) 1845 (59.2) 960 (64.3) 225 (61.3) 3030 (60.9)

Age at diagnosis (y) ,.0001

Median [Q1, Q3] 68.9 [61.6, 76.1] 73.2 [66.1, 80.0] 75.1 [68.3, 80.7] 70.7 [63.3, 78.1]

Endocrinological disease ,.0001

Yes (%) 0 (0) 187 (12.5) 204 (55.6) 391 (7.9)

No (%) 3115 (100) 1306 (87.5) 163 (44.4) 4584 (92.1)

Upper gastrointestinal disease ,.0001

Yes (%) 0 (0) 216 (14.5) 237 (64.6) 453 (9.1)

No (%) 3115 (100) 1277 (85.5) 130 (35.4) 4522 (90.9)

Vascular disease ,.0001

Yes (%) 0 (0) 1090 (73.0) 334 (91.0) 1424 (28.6)

No (%) 3115 (100) 403 (27.0) 33 (9.0) 3551 (71.4)

IGHV status ,.0001

Mutated (%) 1765 (56.7) 734 (49.2) 139 (37.9) 2638 (53.0)

Unmutated (%) 701 (22.5) 379 (25.4) 117 (31.9) 1197 (24.1)

Missing (%) 649 (20.8) 380 (25.5) 111 (30.2) 1140 (22.9)

Del(17p) .0009

No (%) 2606 (83.7) 1181 (79.1) 278 (75.7) 4065 (81.7)

Yes (%) 141 (4.5) 76 (5.1) 32 (8.7) 249 (5.0)

Missing (%) 368 (11.8) 236 (15.8) 57 (15.5) 661 (13.3)

Binet stage ,.0001

A (%) 2572 (82.6) 1216 (81.4) 259 (70.6) 4047 (81.3)

B (%) 393 (12.6) 201 (13.5) 69 (18.8) 663 (13.3)

C (%) 150 (4.8) 76 (5.1) 39 (10.6) 265 (5.3)

b2-microglobulin >4.0 mg/L ,.0001

No (%) 2134 (68.5) 915 (61.3) 180 (49.0) 3229 (64.9)

Yes (%) 269 (8.6) 195 (13.1) 79 (21.5) 543 (10.9)

Missing (%) 712 (22.9) 383 (25.7) 108 (29.4) 1203 (24.2)

CLL-IPI ,.0001

Low (%) 1150 (36.9) 419 (28.1) 61 (16.6) 1630 (32.8)

Intermediate (%) 509 (16.3) 269 (18.0) 73 (19.9) 851 (17.1)

High (%) 192 (6.2) 115 (7.7) 47 (12.8) 354 (7.1)

Very high (%) 45 (1.4) 20 (1.3) 6 (1.6) 71 (1.4)

Missing (%) 1219 (39.1) 670 (44.9) 180 (49.0) 2069 (41.6)

Patients are grouped by CLL comorbidity index category.

2702 ROTBAIN et al 26 APRIL 2022 • VOLUME 6, NUMBER 8



1.00 1.00

0.75

0.50

0.25

0.00

0 2 4 6 8

A B

C D

E F

Pe
rc

en
t a

liv
e

Tre
at

m
en

t -
 C

um
 In

c
Pe

rc
en

t a
liv

e

St
ra

ta

Strata
Low risk

Years (after CLL diagnosis) Years (after CLL diagnosis)

Years (after CLL diagnosis)

Years (after CLL diagnosis)

Years (after CLL diagnosis)

0.75

0.50

p � .0001

0.25

0.00
0

Number at risk Number at risk
3115 2502 1761 1075 602 2962

1410
327

1944
825
143

1197
463
63

645
207
25

328
99
7

1493 1159 787 445 237

367 270 181 99 50

2 4 6 8

0 2 4 6 8

Intermediate risk
High risk

Low risk:
Intermediate risk:

High risk:

1.00

Pe
rc

en
t e

ve
nt

 fr
ee

St
ra

ta

St
ra

ta

Strata
Low risk

Strata
CI low - IPI low
CI low - IPI inter
CI low - IPI high
CI inter - IPI low
CI inter - IPI inter
CI inter - IPI high
CI high - IPI low
CI high - IPI inter
CI high - IPI high

Years (after CLL diagnosis)

Years (after CLL diagnosis)

0.75

0.50

p � .0001 p � .0001
0.25

0.00
0

Number at risk
2962 1944 1197 645 328

1150
419
61

509
269
73

237
135
53

980
337
43

404
214
56
177
95
40

718
237
28

284
146
40
107
62
27

457
139
13

171
80
22
59
29
9

1410 825 463 207 99

327 143 63 25 7

2 4 6 8

0 2 4 6 8
0 2 4 6

Intermediate risk
High risk

1.00

Pe
rc

en
t a

liv
e

St
ra

ta

Strata
Low risk

Years (after treatment start)

Years (after treatment start)

0.75

0.50

p � .0001

0.25

0.00
0

Number at risk
734 542 348 184 80
524 361 214 102 39

255 159 90 34 16

2 4 6 8

0 2 4 6 8

Intermediate risk
High risk

0 2 4 6

1.00

0.75

0.50

0.25

0.00

1.00

Pe
rc

en
t e

ve
nt

 fr
ee

St
ra

ta

Strata
Low risk

Years (after treatment start)

Years (after treatment start)

0.75

0.50

p = .0064

0.25

0.00
0

Number at risk

Number at risk

272 202 139 93 34
186 137 75 45 13

94 63 25

170
108

43 21

60
27

11 5

2 3 5 61 4

0 2 3 5 61 4

Intermediate risk
High risk

Figure 1. Survival and treatment outcomes according to CLL-CI. (A) OS from time of diagnosis. (B) TTFT from time of diagnosis, treating death as a competing risk.

(C) EFS from time of diagnosis. (D) OS from time of diagnosis further stratified by CLL-IPI. (E) OS2 from time of first-line treatment. (F) EFS2 from time of first-line treatment.

The x-axis in (B) and (D) differs from other panels.

26 APRIL 2022 • VOLUME 6, NUMBER 8 CLL-CI IN A POPULATION-BASED COHORT 2703



characteristics and information on first therapy were available from
the CLL register, and further detailed information on treatment was
obtained for a geographically defined subgroup through review of
medical records. Information on comorbidities was collected from
the Danish National Prescription Register and the Danish National
Patient Register with look-back periods of 1 year and up to 20
years, respectively.12,13 Codes corresponding to comorbidities are
listed in supplemental Table 1.3,10 CLL-CI was calculated at time of
diagnosis and at time of first-line treatment. Data were linked across
registers using a personal identification number unique to every
citizen.14

Analyses were stratified based on CLL-CI score. x2 and
Kruskal–Wallis tests were performed to test for differences in char-
acteristics across groups. Kaplan-Meier survival curves with associ-
ated P values were computed for OS and EFS (defined as time to
death or next therapy) from 1 month after diagnosis and from the
time of initiation of first-line therapy (OS2 and EFS2). Cumulative
incidence curves and Fine-Gray risk regressions were used to study
TTFT from time of diagnosis, treating death as a competing risk.
Hazard ratios were calculated using multivariable Cox regressions
for OS, EFS, and TTFT from diagnosis, adjusting for sex and CLL
International Prognostic Index (CLL-IPI),15 both as score and using
the individual components of the CLL-IPI. Multivariable Cox regres-
sions were performed for OS2 and EFS2, adjusting for age, immu-
noglobulin heavy-chain variable region gene (IGHV) mutational
status, and treatment regimen. Data analysis was performed using
SAS software, version 9.4 (SAS Institute, Cary, NC) and R software
version 3.5.2 on servers hosted by the Danish Health Data
Authority.

The study was approved by the Danish Health and Medicine
Authorities (jr. no. 3-3013-1141/1) and the Danish Data Protection
Agency (jr. no. RH-2015-96 03856).

Results and discussion

Baseline characteristics at time of CLL diagnosis for 4975 patients
included in the study are presented in Table 1. In all, 63%, 30%,
and 7% of patients had low, intermediate, and high risk CLL-CI,
respectively. CLL-CI was associated with OS, with a median OS not
reached, 8.5 years, and 6.0 years for low-, intermediate-, and high-
risk patients, respectively (Figure 1A). CLL-CI was associated with
TTFT, with 56% of high-risk patients being treated within 4 years
compared with 20% to 30% of low- and intermediate-risk patients
(Figure 1B). All comorbidity categories were individually associated
with TTFT (supplemental Figure 1). CLL-CI was associated with
EFS, with a median EFS of 8.4, 4.4, and 2.2 years for low-, interme-
diate-, and high-risk patients, respectively (Figure 1C). The associa-
tion with OS, EFS, and TTFT was independent of sex and CLL-IPI
(supplemental Tables 2 and 3). Patients with high risk in either or
both CLL-CI and CLL-IPI had the poorest OS (Figure 1D).

In total, 1513 patients received first-line treatment during follow-up
(supplemental Table 4). Data from medical record review were avail-
able for 552 patients; information on targeted therapy was only avail-
able for these patients, of whom 6% received targeted agents.
CLL-CI was associated with OS2 independently of IGHV status,
age, and treatment regimen, with a median OS2 of 8.2, 6.0, and 4.4
years for low-, intermediate-, and high-risk patients, respectively (sup-
plemental Table 5; Figure 1E). Similarly, CLL-CI was associated with

EFS2, with a median EFS2 of 3.6, 2.9, and 1.9 years, respectively,
although it did not retain significance after adjusting for IGHV status,
age, and treatment regimen (supplemental Table 5; Figure 1F).

In this study, patients were assigned treatment regimens by treating
physicians based on age, comorbidity, and patient preference. Dif-
ferences in survival by type of treatment, particularly patients treated
with targeted therapies, who were underrepresented in this study,
could influence survival and limit the generalizability of these results.
Whereas our findings demonstrate that CLL-CI can be applied also
for cohorts predominantly treated with chemoimmunotherapy, the
extrapolation of our results may be limited by the small number
receiving targeted agents. However, 28% of patients receiving
second-line treatment were treated with targeted agents.

In addition to associating with EFS and OS from time of diagnosis
independently of CLL-IPI, we identified high-risk CLL-CI patients as
having a shorter TTFT compared with low- and intermediate-risk
patients. The underlying cause remains to be investigated; however,
adverse prognostic biomarkers were more common in the CLL-CI
high-risk group, suggesting the possibility of underlying mechanistic
associations between comorbidities and aggressiveness of CLL.16

This could be due to underlying factors that influence both CLL biol-
ogy and the development of comorbidities or the possibility that
aggressive CLL causes comorbidities. Our working hypothesis is that
the biological link among the CLL-CI, high-risk biomarkers, and shorter
survival is chronic inflammation and immune dysfunction caused by
metabolic syndrome, vascular disease, and dysbiosis. The endocrine
category of the CLL-CI includes diabetes and obesity, which are fea-
tures of metabolic syndrome, a well-established risk factor for the
development of multiple cancer types that has been shown to influ-
ence cancer biology and the tumor microenvironment.17 Furthermore,
most conditions included in the vascular category are also related to
atherosclerosis and dyslipidemia, other features of metabolic syn-
drome. Major vascular events have also been demonstrated to accel-
erate cancer progression by modulating the immune system.18 Upper
gastrointestinal disease, the third category in the CLL-CI, is associated
with alterations in the intestinal microbiome.19 Decreased intestinal
microbial biodiversity may be more frequent in patients with CLL.20,21

It is associated with inferior response to immunotherapy in patients
with certain cancers22 and possibly in patients with CLL who receive
chemotherapy.23 We are currently investigating these hypotheses.

It is also important to consider the CLL-CI in the context of other
prognostic scales. Several prognostic indices have been developed
for CLL that are specific to treatment settings and therapeutic clas-
ses but do not include a measure of comorbidity.24-27 Although the
CLL-CI does add prognostic information to the CLL-IPI for all thera-
pies currently evaluated, assessment of the influence of comorbid-
ities alongside other prognostic scales is needed. Although
prognostic factors should remain key for treatment decisions, clinical
trial data from pivotal phase 3 trials with novel targeted agents ver-
sus chemoimmunotherapy should be reanalyzed with addition of
CLL-CI to assess the optimal treatment of patients according to
CLL-CI. Ultimately, however, prospective clinical trials are needed to
define the optimal treatment of these patients.

In this study, we illustrate the feasibility of assessing the CLL-CI
through register data. Findings support the use of the CLL-CI in
both research and clinical practice as a quick and easy-to-use tool
for assessing comorbidity in newly diagnosed patients with CLL as
well as in patients requiring treatment.
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