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Purpose: Age-related comorbidity is highly prevalent in chronic lymphocytic leukemia 
(CLL). The purpose of this study was to provide information on current patterns of 
healthcare utilization in CLL.
Patients and Methods: We used data from Danish nation-wide registers to study health-
care utilization the year before and the year after CLL diagnosis and in relation to first-line 
treatment. Patients diagnosed with CLL between 1997 and 2018 were included and stratified 
on number of comorbidities, presence of specific comorbidities, and fitness status, respec-
tively. Healthcare utilization was studied in terms of hospital admissions, in-hospital bed 
days, out-patient visits, emergency room visits, and prescription drugs. Odds ratios with 95% 
confidence intervals were calculated using multivariable logistic regression analyses adjust-
ing for age, sex, and calendar year.
Results: The study comprised 9170 patients with CLL with a median age of 71 years, of 
whom 35% had ≥1 comorbidity. Healthcare utilization increased markedly upon CLL 
diagnosis both in patients with and without comorbidities. During the year after CLL 
diagnosis, 39% were hospitalized, 16% visited an emergency room, 88% visited an out- 
patient clinic, and 93% received prescription drugs. Both individual comorbidities and the 
total number of comorbidities were associated with increased healthcare utilization of all 
types, except for contacts to hematological departments.
Conclusion: Our results suggest that CLL diagnosis may unveil incipient diseases and 
aggravate comorbidities and thereby have considerably wider health implications than those 
directly related to CLL. These findings may be used by clinicians and decisions makers to 
guide planning of multidisciplinary care for cancer patients.
Keywords: chronic lymphocytic leukemia, hematology, epidemiology, real-world data

Introduction
Over the last two decades, advances in chronic lymphocytic leukemia (CLL) treatment 
have markedly improved patient survival.1,2 Diagnosis of CLL typically marks the 
beginning of a lifelong follow-up program for management and treatment of the disease 
and of related complications at hematological department. As the median age at CLL 
diagnosis is 72 years, many newly diagnosed CLL patients have one or more chronic 
comorbidities.3–7 When complicated by CLL, the responsibility for the management and 
treatment of other chronic conditions often become more difficult to determine.8 Thus, 
lack of coordination between healthcare professionals is common in cancer care, and may 
aggravate the course of comorbid conditions.9

With a continuously aging cancer population and increasing prevalence of 
multimorbidity (ie, ≥2 chronic conditions), the planning and implementing of 
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coordinated, interdisciplinary efforts become increasingly 
important. As recently highlighted by Rotenstein et al, 
there is a lack of information on existing healthcare utili-
zation (HCU) patterns among persons with cancer and 
coexisting conditions, leaving the scope of the required 
interventions largely uncharted.10

The purpose of this study was to inform the discussion 
of healthcare planning for patients with CLL and comor-
bidities. We assessed HCU for patients based on comor-
bidity or frailty status in the periods immediately before 
and after diagnosis and upon treatment in a nationwide 
cohort study with complete information on hospital con-
tacts and use of prescription medications.

Methods
Data Sources and Study Population
In Denmark, all citizens have access to free healthcare, 
and contacts to health services are monitored through 
national administrative health registers. Each individual 
has a unique personal identification number, which allows 
for linkage of data across national registers on person- 
level.11 The Danish National CLL Register is a clinical 
quality register containing data on all patients diagnosed 
with CLL since 2008. Entry of data on CLL patients is 
mandatory for treating physicians.12 For this study, we 
combined records from the Danish National CLL 
Register with data from several national administrative 
health registers.

The study population comprised all patients registered 
with CLL in the CLL register 2008–2017 or the Danish 
Cancer Register (DCR) 1997–2018.12,13 Patients <30 years 
of age at CLL diagnosis were excluded to avoid inclusion 
of other lymphoma sub-types misclassified as CLL. 
Information on death and migration was available from 
the Danish Civil Registration System.14

The Danish National Patient Register (DNPR) contains 
information for all admissions since 1978, and all hospital- 
based out-patient and emergency room visits since 1995 
and was used to attain information on hospital contacts.15 

The Danish National Prescription Registry was used to 
obtain information on all drugs prescribed.16 We used the 
4th level (5 digits) of the Anatomical Therapeutic 
Chemical Classification System to count the number of 
different drugs prescribed. The following types of HCU 
were studied: in-hospital bed days, emergency room visits, 
hospitalizations, out-patient clinic visits, and prescription 
drugs. For patients residing in the Eastern Region of 

Denmark, hospitalizations and out-patient clinic visits 
were disaggregated into hematological or non- 
hematological departments, respectively.

Comorbidity was assessed 30 days after CLL diagnosis 
using ICD-8 and ICD-10 discharge codes from the DNPR, 
with a look-back period of up to 20 years. Inclusion of 
comorbid conditions were based on a modified version of 
the Charlson Comorbidity Index (CCI) previously used by 
the investigators.7,17,18 Comorbidity status was defined as 
number of comorbid conditions (0, 1 or ≥2) or presence of 
the four most common comorbidities individually: dia-
betes, chronic pulmonary disease, congestive heart failure 
or myocardial infarction (MI), and cerebrovascular 
disease.

Data on CLL first-line treatment was available for 
patients in the CLL register.12 Treated patients were cate-
gorized as fit if they received fludarabine, cyclophospha-
mide, and rituximab (FCR) or bendamustine and rituximab 
(BR) and as frail if they received chlorambucil as mono-
therapy (Clb) or in combination with anti-CD20 antibo-
dies. In Denmark, few treatment-naïve patients receive 
targeted agents, as this is only recommended for patients 
with TP53-aberrations in Danish CLL guidelines. 
Therefore, targeted agents were not studied, as we 
expected treatment-naïve patients to mostly receive che-
motherapy-based treatment.

Statistical Analysis
Descriptive statistics containing numbers and percentages 
for categorical and ordinal variables were calculated. 
Median and interquartile range was calculated for contin-
uous, non-normally distributed variables.

Univariable and multivariable logistic analyses were 
performed to calculate odds ratios (OR) for HCU for 
patients based on number of comorbidities and presence 
of specific comorbidities, during the year after CLL diag-
nosis. ORs were also calculated for HCU based on fitness 
status before, during, and after CLL treatment. All periods 
related to treatment were 6 months each. Patients who 
received treatment within 6 months after CLL diagnosis 
were not included in the analysis of HCU before treatment. 
Furthermore, we calculated ORs for HCU the year after 
CLL diagnosis compared with the year before, stratifying 
by number of comorbidities. The last month before and the 
first month after CLL diagnosis was not included, as to 
exclude the period of medical work up for CLL.

Multivariable logistic regression analyses included 
adjustment for age, sex, and calendar year. For comparing 

https://doi.org/10.2147/CLEP.S337495                                                                                                                                                                                                                                 

DovePress                                                                                                                                                                    

Clinical Epidemiology 2021:13 1156

Rotbain et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


HCU before and after CLL diagnosis, sensitivity analyses 
were also performed excluding patients who started CLL 
treatment within one year after diagnosis. Results are pre-
sented using ORs with 95% confidence intervals (CI).

For modalities of healthcare that were utilized by less 
than 50% of patients during the first year after CLL diag-
nosis, the outcome was defined as having ≥1 utilization 
during the period of interest. For modalities of healthcare 
that were utilized by more than 50% of patients during the 
first year after CLL diagnosis the median number of 
usages during the first year after CLL diagnosis was used 
as a cut-off for the outcome. For in-hospital bed days, the 
median number was 0 and the 75th percentile was used as 
the cut-off instead. This resulted in the following out-
comes: ≥5 in-hospital bed days, ≥1 emergency room 
visit, ≥1 hospitalization, ≥5 out-patient clinic visits, and 
≥6 prescription drugs during the period of interest. In 
analyses of HCU before, during, and after treatment, 
where study periods were only 6 months instead of 
1 year, ≥3 in-hospital bed days was used as cut-off instead 
of ≥5 in-hospital bed days.

Data analysis was performed using SAS software, version 
9.4 (SAS Institute) and R software version 3.5.2 on servers 
hosted by Sundhedsdatastyrelsen (Danish Health Data 
Authority).

Ethics
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-2015-9603856).

Results
Baseline Characteristics
Baseline characteristics for 9170 CLL patients included in the 
study are presented in Table 1 and detailed data for this cohort 
has been published previously.7 The population consisted pre-
dominantly of males (60%) and the median age at CLL 
diagnosis was 71 years. Comorbidity was present in 35% of 
patients; 23% had 1 comorbidity and 12% had ≥2 comorbid-
ities. The prevalence of diabetes, chronic pulmonary disease, 
congestive heart failure or MI, and cerebrovascular disease 
was 8%, 8%, 10%, and 9%, respectively. Among patients 
treated with the most common treatment regimens, 59% 
were considered fit and 41% frail. During the year after CLL 
diagnosis, 39% had been hospitalized, 16% had visited an 
emergency room, and 88% had visited a hospital out-patient 
clinic. Moreover, 93% had received prescription medications 

with a median number of 6 drugs during the year after CLL 
diagnosis.

HCU After CLL Diagnosis Compared to 
Prior
In Table 2, HCU the year after CLL diagnosis is compared 
with the year prior to CLL diagnosis in the same patients 
sub-grouped on number of comorbidities. All types of 
HCU statistically significantly increased after CLL diag-
nosis regardless of number of comorbidities (OR range: 
1.25–8.78), except for emergency room visits and out- 
patient visits at non-hematological departments which did 
not increase for patients with ≥2 comorbidities. HCU 
correlated with number of comorbidities both before and 
after CLL diagnosis, while patients without comorbidities 
experienced the greatest relative increase in HCU after 
CLL diagnosis. Similar results were found when restrict-
ing the analysis to patients who did not receive treatment 
the first years after diagnosis (Supplemental Table 1).

Figure 1 displays cumulative percentage frequency distri-
butions of bed days before and after CLL diagnosis for patients 
stratified on number of comorbidities. Regardless of number 
of comorbidities, a small percentage of patients accounted for 
the vast majority of bed days. In patients without comorbid-
ities at CLL diagnosis, 16.6% accounted for 90% of all bed 
days after CLL diagnosis (Figure 1A). Similar skewed distri-
butions were observed for patients with either 1 or ≥2 comor-
bidities at CLL diagnosis, respectively (Figure 1B and C).

Number of Comorbidities and HCU
Table 3 contains ORs for HCU the year after CLL diag-
nosis comparing patients with 0, 1 or ≥2 comorbidities. 
For 4137 patients residing in the Eastern Region of 
Denmark, use of hematological and non-hematological 
departments, were also studied. All types of HCU statisti-
cally significantly increased with the number of comorbid-
ities (OR range: 1.28–7.59), except for contacts to 
hematological departments.

Specific Comorbidities and HCU
A comparison of HCU in CLL patients with diabetes, 
chronic pulmonary disease, congestive heart failure or 
MI, or cerebrovascular disease, respectively, to CLL 
patients without the same condition is displayed in 
Figure 2 and Supplemental Table 2. All comorbidities 
were individually associated with bed days (OR range: 
1.21–1.28), except for cerebrovascular disease, while 
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diabetes was the only comorbidity not associated with 
hospitalization (OR range for other comorbidities: 1.19– 
1.29). All conditions were associated with prescription 
drugs usage (OR range: 1.45–3.12). Chronic pulmonary 
disease (OR: 1.23 [1.01; 1.51]) and congestive heart fail-
ure or MI (OR: 1.22 [1.01; 1.48]) were both associated 
with emergency room visits, whereas diabetes was asso-
ciated with out-patient clinic visits (OR: 1.37 [1.16; 1.61]).

Frailty and HCU Upon Treatment
HCU before, during, and after first-line treatment for 
patients who were considered frail or fit, respectively, 
based on treatment regimens received are presented in 
Table 4. Frailty was associated with prescription drugs 
usage during all periods (OR range: 1.68–2.27) and with 
out-patient clinic visits after treatment (OR: 1.59 [1.10; 
2.29]). No statistically significant association was 
observed between frailty and bed days, emergency room 
visits, or hospitalizations.

Discussion
In modern cancer care, inadequate coordination with other 
medical specialties resulting in exacerbation of comorbid 
conditions is common.9 With a median age at diagnosis of 
72 years and continuously improving survival, patients 
diagnosed with CLL may be particularly at risk hereof 
because of frequent age-related comorbidities.

Our results provide evidence that CLL diagnosis is 
accompanied by an aggravated course of comorbidities as 
measured by selected HCU modalities. Thus, in line with 
previous Danish cancer studies, all types of investigated 
HCU increased the first year after CLL diagnosis compared 
with the year before CLL diagnosis in our study.19 For out- 
patient visits at hematological departments, this increase is 
expected, as patients with CLL are followed at hematologi-
cal departments with regular visits, typically ranging from 1 
to 4 times per year in the watch and wait setting. Due to the 
immune dysfunction observed in CLL, also in patients not 
requiring treatment, the threshold for admitting patients 
upon suspicion of infection may be lower in CLL patients, 
leading to high numbers of hospitalization.20,21 While this 
approach may lead to overdiagnosing of infections in CLL 
patients compared with their counterparts with similar 
comorbidities and no CLL, we believe it is a necessary 
precaution considering the high rate of death due to infec-
tions in CLL.1,22 Still, the high number of planned and 
unplanned hospital visits and admission by patients with 
CLL places a high burden on the healthcare system, both at 
non-hematological and hematological departments. Future 
studies are required to uncover interventions that may 
reduce unplanned hospitalizations and emergency room 
visits in patients with CLL.23

Overall, HCU increased with number of comorbidities 
both before and after CLL diagnosis. With 31–38% of 
patients having ≥5 in-hospital bed days during the year 
after CLL diagnosis and 68–84% receiving ≥6 prescriptive 
drugs, the burden of HCU is extremely high in comorbid 

Table 1 Baseline Characteristics for Chronic Lymphocytic 
Leukemia Patients at Time of Diagnosis and Healthcare 
Utilization Calculated for the Year After Chronic Lymphocytic 
Leukemia Diagnosis

All Patients
N = 9170

Sex
Female 3687 (40)

Male 5483 (60)
Age at diagnosis (years)

Median [IQR] 71 [63, 79]

<60 1629 (18)
60–69 2600 (28)

70–79 3014 (33)

>80 1927 (21)
Calendar year

1997–2002 1954 (21)

2003–2008 2273 (25)
2009–2013 2277 (25)

2014–2018 2666 (29)

Comorbidities
0 5916 (65)

1 2133 (23)

≥2 1121 (12)
Diabetes 751 (8)

Chronic pulmonary disease 722 (8)

Congestive heart failure or myocardial infarction 914 (10)
Cerebrovascular disease 785 (9)

Fitness status*
Fit 597 (59)
Frail 417 (41)

Hospitalization
Yes 3564 (39)

Median number of bed days [Q1, Q3] 0 [0, 5]

Emergency room
Yes 1428 (16)

Out-patient clinic
Yes 8051 (88)
Median number of visits [Q1, Q3] 5 [2, 10]

Prescription drugs
Yes 8529 (93)
Median number of different drugs [Q1, Q3] 6 [3, 9]

Notes: *Based on a subset of patients from a geographically defined area. 
Abbreviation: IQR, interquartile range.
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patients with CLL. Our findings are in line with previous 
findings in lymphomas, demonstrating an association 
between multimorbidity and increased HCU.24

This increase in HCU the first year after CLL diagnosis 
compared with the year before was seen irrespective of 
number of comorbidities but was relatively largest for 
patients without known comorbid conditions at time of 
CLL diagnosis. Thus, of non-comorbid patients with 
CLL, no less than one-third were hospitalized during the 
first year after CLL diagnosis, and half of the patients had 
≥5 out-patient clinic visits. These findings illustrate that 
even among patients without comorbidities the total bur-
den of disease associated with diagnosis of CLL is far 
from negligible. While the increased HCU is likely partly 
related to intensified scrutiny of patients as a result of 
a new diagnosis, the considerable surge of healthcare con-
tacts still necessitates coordination of care.

At the same time as our results highlight an increased 
HCU following CLL diagnosis they also indicate that the 
degree of intensification in HCU is not evenly distributed 
among patients. Thus, both before and after CLL diagnosis 
a small proportion of patients accounted for the vast 
majority of in-hospital bed days. This skewed distribution 
was observed irrespective of number of comorbidities at 
time of CLL diagnosis, suggesting that subsets of frail 
patients with CLL exist who might benefit from close 
surveillance in conjunction to cancer diagnosis. Further 
studies are essential to identify which patients without 
previously known comorbidities may have an increased 
use of healthcare services and need for more closely coor-
dination care after CLL diagnosis.

Previous findings show that HCU has increased in CLL 
over recent years, further supporting the need for forma-
lized collaborations in multidisciplinary teams to coordi-
nate personalized care for comorbid patients upon cancer 
diagnosis.25 Several models for this work are currently 
being developed in oncological cancer care, while evi-
dence-based methods and general uptake are lacking in 
the hematological setting.9,26,27

With a median number of 6 prescription drugs, poly-
pharmacy was highly frequent in our population, even 
among CLL patients without comorbidities. These findings 
are consistent with previous studies of similarly aged 
populations with different types and stages of cancer, 
where the median number of prescribed drugs were 5–7, 
with one study even reporting a median between 9 and 11 
across sub-groups.28–32 Previous findings also show that 
only a minority of cancer patients receiving the most 
commonly taken drugs: anti-hypertensives and lipid- 
lowering agents, have a history of cardiovascular disease 
(including MI, angina, cerebrovascular accident, and tran-
sient ischemic attack), possibly explaining the high fre-
quency of polypharmacy in non-comorbid patients in our 
study.28 The importance of management of polypharmacy 
is highlighted by the association of polypharmacy with 
increased risk of interaction or contraindication of pre-
scribed drugs.29 Coordinated multidisciplinary care includ-
ing pharmaceutical teams and polypharmacy clinics may 
help deprescribing inappropriate medications in cancer 
patients.33

As diabetes is often treated with multiple anti-diabetic 
drugs and multifactorial treatment, it is unsurprising that 

Table 2 Healthcare Utilization During the First Year Post Chronic Lymphocytic Leukemia Diagnosis Compared with the Year Prior to 
Chronic Lymphocytic Leukemia Diagnosis for the Same Patients Stratified by the Number of Comorbidities

No Comorbidity 1 Comorbidity ≥2 Comorbidity

Percent Utilizing OR (95% CI) Percent Utilizing OR (95% CI) Percent Utilizing OR (95% CI)

Prior Post Post vs Prior Prior Post Post vs Prior Prior Post Post vs Prior

≥5 in-hospital bed days 6 21 4.43(3.91–5.03) 16 31 2.29(1.97–2.65) 29 38 1.51(1.27–1.81)

Emergency room 9 13 1.55(1.37–1.74) 14 18 1.34(1.14–1.58) 22 25 1.14(0.94–1.38)

Hospitalizations 13 34 3.48(3.17–3.82) 26 45 2.29(2.02–2.61) 40 55 1.88(1.59–2.22)

Hospitalizations, hem department* <1 12 41.7(21.5–81.1) <1 11 39.2(12.4–124) <1 12 36.3(8.84–149)

Hospitalizations, non-hem department* 15 27 2.13(1.85–2.44) 28 37 1.57(1.29–1.91) 43 51 1.40(1.10–1.79)

≥5 out-patient clinic visits 10 50 8.78(7.96–9.70) 20 54 4.57(3.99–5.24) 32 59 3.11(2.62–3.70)

Hem out-patient clinic* 2 69 98.5(75.3–129) 3 66 66.2(44.1–99.3) 4 63 40.1(25.0–64.2)

Non-hem out-patient clinic* 36 57 2.27(2.04–2.54) 55 68 1.77(1.47–2.13) 73 74 1.06(0.81–1.40)

≥6 prescription drugs 27 38 1.65(1.52–1.78) 58 68 1.53(1.35–1.74) 81 84 1.25(1.01–1.56)

Notes: *Based on a subset of patients from a geographically defined area. 
Abbreviation: Hem, hematological.
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Figure 1 Inverted Lorenz curves for in-hospital bed days. In-hospital bed days for patients with CLL without comorbidities (A), with 1 comorbidity (B), or with 2 or more 
comorbidities (C), the year before and the year after CLL diagnosis. Inverted Lorenz curves are illustrating cumulative percentage frequency distributions of in-hospital bed 
days. The x axis shows percentage of bed days and the y axis the cumulative percentage of patients that contributed to the bed days. The reference line illustrates the 
percentage of the patients who accounted for 90% of the total number of bed days.
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82% of CLL patients with diabetes received ≥6 prescrip-
tive drugs.34 Previous studies have demonstrated that self- 
management of diabetes may be poorer during cancer 
treatment.35 It has furthermore been shown among adult 
patients with acute lymphoblastic leukemia, that poor gly-
cemic control is associated with shorter remission dura-
tion, shorter median survival, and increased risk of severe 
infections during treatment.36 However, cancer patients 
who receive diabetes education are more likely to have 
multiple HbA1c tests performed per year and fewer 
hospitalizations.37 Closer collaboration between hematol-
ogists/oncologists and endocrinologists are required to 
manage the complicated relationship between cancer and 
diabetes and in particular for monitoring diabetes during 
cancer treatment.38

In accordance with previous findings, congestive heart 
failure or MI was associated with emergency room visits 
and hospitalizations the year after CLL diagnosis.10 In the 
era of targeted agents, optimizing treatment for patients 
with cardiovascular disease or risk factors is of especially 
high importance.39–42 Simultaneous follow-up in general 
practice and by oncologists may facilitate care for comor-
bidities as well as preventative care.43–45 Close collabora-
tion with other specialist may be essential to initiate and 
maintain patients on treatment with BTK-inhibitors such 
as Ibrutinib in a routine care setting.39,46 Further studies 
are required to identify interventions that may increase 
safety for patients with cardiovascular risk factors such 
as older age, diabetes, or high blood pressure upon treat-
ment with BTK-inhibitors.

In CLL, the former definition of “no-go patients” who 
are only candidates for palliative treatment has largely 
been rejected in recent years due to less toxic yet efficient 
therapy options.47 This is further supported by our find-
ings, showing that frail patients treated with Clb-based 
regimes did not have more hospital contacts than fit 
patients treated with intensive CIT including FCR and 
BR. We hypothesize that physicians are adept at choosing 
appropriate intensity of treatment for routine care patients. 
Treatment strategies are plentiful with new targeted drugs 
and combination therapies continuously being introduced, 
and prevalence of comorbidity along with prognostic fac-
tors and patients’ preferences are of high importance when 
selecting treatment.48 Several aspects of comorbidity and 
frailty needs to be considered when selecting treatment 
regimen including kidney function and Cumulative 
Illness Rating Scale score, as well as specific conditions 
such as cardiovascular disease or risk factors hereof. Real- Ta
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Figure 2 Forest plot of odds ratios for healthcare utilization. Healthcare utilization in terms of ≥5 in hospital bed days, emergency room visits, hospitalizations, ≥5 out- 
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world data from our group and others show that patients 
receiving Clb-based regimens have a median age of 76–80 
years, and it remains to accurately determine these 
patients’ tolerance of targeted treatment and need for sup-
portive care.22,49

Data on comorbidities in this study were based on 
ICD-8 and ICD-10 codes from hospital visits. Thus, 
comorbidities followed without hospital referral may not 
have been captured. However, we have included comor-
bidities coded up until one month after CLL diagnosis to 
also capture comorbid conditions entered by physicians 
performing work-up and diagnosing CLL. An important 
limitation of this study is that comorbidity is more com-
mon in older patients who have had a longer time to 
develop comorbidities. While this association may skew 
the results, we have adjusted for age in the multivariable 
analyses. Another limitation is that the course of CLL 
differs from most cancer types as the majority of CLL 
patients do not require treatment at the time of diagnosis. 
Therefore, our finding may not be generalizable to other 
cancer types.

Conclusion
Our results demonstrate that HCU increases markedly 
upon CLL diagnosis both in patients with and without 
comorbidities and that HCU increases with number of 
comorbidities. An increase in HCU among patients with-
out preexisting comorbidity suggests that CLL diagnosis 
may unveil incipient diseases and/or aggravate conditions 
monitored in general practice. Accordingly, CLL diagnosis 
may have considerably wider health implications than 
those directly related to the leukemia and its treatment. 
Our results may be used to guide future personalized 
multidisciplinary care plans for an increasing number of 
patients with cancer and comorbidities.
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