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Abstract

Background: Chronic lymphocytic leukemia (CLL) is a heterogeneous disease.

Whereas some patients have an indolent disease, others experience an aggressive

course and early death. Our aim was to investigate if modifiable and non-modifiable

medical history and lifestyle factors prior to diagnosis had an impact on the natural

course of the disease.

Method: In 1154 CLL patients, we assessed if the weight, physical activity, smoking,

and alcohol consumption or non-modifiable characteristics including family history

of lymphoid malignancy and medical history were associated with time-to-first-

treatment (TTFT) and adjusted all results for the CLL-International Prognostic Index

(CLL-IPI).

Results: TTFT was shorter for patients with high/very high-risk CLL-IPI than those

with low/intermediate risk CLL-IPI. In the adjusted analysis we did not find additional

impact on TTFT besides CLL-IPI from any environmental characteristics assessed.
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Conclusions: We found limited impact of environmental factors on the natural

course of CLL (measured as the TTFT in treatment naïve patients) providing valuable

knowledge, and potential relief, to share with patients at the time of diagnosis.
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1 INTRODUCTION

Chronic lymphocytic leukemia (CLL) is a clinically and biologically

heterogeneous disease. Finding lifestyle factors that have an addi-

tional impact on the time to need treatment can inform patients and

treating physicians about potential tools tomodify their risk of disease

progression in CLL and the need for treatment. Patients often ask

what has caused the cancer they have been diagnosed with, but also

if any lifestyle changes can alter the natural course of their disease;

such as smoking, alcohol consumption, and/or physical activity [1].

Patients might also recall other diseases or health-related factors

they have experienced earlier in life and wonder if they have had an

impact on their disease course, such as prior infections, for example,

mononucleosis, prior human herpes virus infections, history of autoim-

mune diseases, blood transfusion, height/weight and history of atopic

disorders (allergies, food allergies, asthma, hay fever, and eczema). In

addition, if they have had a relative with a hematological malignancy

they might ask if family history might affect the natural course of the

disease. In two case-control studies, theMayo Clinic CLL study and the

SCALE study [2, 3] we aimed to investigate the risk of progression of

CLL during the natural course of the disease based on those different

environmental risk factors.

2 METHOD

The Mayo Clinic study included patients diagnosed between Septem-

ber 1, 2002, and December 31, 2012, who were older than 20 years

and residents of the Midwest United States [3]. The SCALE study

included patients between 18 and 74 years diagnosed in Sweden

between October 1, 1999, and April 15, 2002, and between January 1,

2000, and August 2002 in Denmark [2]. All Mayo cases were followed

every 6 months for the first 3 years after diagnosis and annually

thereafter. For SCALE cases, a medical record review was conducted

retrospectively 12 years after the last inclusion of a patient.

Information on environmental exposures was obtained through

standardized telephone interviews (SCALE) or through self-

administered risk-factor questionnaires (Mayo). The exposures

selected were based on earlier studies and predefined hypotheses [4].

Westudied family historyof hematologicalmalignancies in first-degree

relatives (through questionnaires and through the Swedish multi-

generation register and the Danish civil registration system), tobacco

history (former and current smokers pooled into ever smokers), alcohol

consumption (ever/never), and as continuous variables; bodyweight

(per-5 kg), height (per-10 cm) and body mass index (BMI) (per-5 kg/m2

increase). BMIwasalso specified in youngadulthood (age18–21years),

sun exposure (high vs. low), physical activity (high vs. low), and ever

having had a blood transfusion. We studied the history of mononucle-

osis (delayed Epstein Barr Virus [EBV] infection), human herpes virus

(HHV)-infections, and history of autoimmune and atopic disorders

(allergies, food allergies, asthma, hay fever, and eczema) [2, 4, 5].

To perform adequate adjustments, we used the CLL-International

Prognostic Index (CLL-IPI). To calculate the CLL-IPI we investigated

the immunoglobulin heavy variable (IGHV) gene somatic hypermuta-

tion (SHM) status (unmuted or mutated) at diagnosis [6]. Sequences

with ≥ 98% identity were considered unmutated [7]. Cases were

also evaluated for TP53 disruption (either through deletion 17p or

TP53 mutations) [8]. Stage (Binet A or Rai 0 vs. Binet B-C or Rai I-IV)

and age (≤65 years vs. > 65 years) were abstracted from medical

records. Information on β2-microglobulin concentration was retrieved

from medical records or by central analysis of stored plasma using an

accredited lab (cut-off ≤3.5 mg/L vs. > 3.5 mg/L). We next computed

the CLL-IPI [9] and also combined low to intermediate-risk groups,

and high to very high-risk groups into a two-level CLL-IPI. Overall, 323

cases were excluded from the analyses due tomissing clinical values.

The outcome used to study the natural course of the disease was

time to first treatment (TTFT). TTFT was calculated from the date of

CLLdiagnosis to thedateof firstCLL treatment, dateof last dateknown

to be untreated, or date of death. Patientswere censored at the date of

last follow-up or death. Cox regression models were used to estimate

hazard ratios (HRs) and 95% confidence intervals (CIs) to assess asso-

ciations between exposures and TTFT, with adjustment for sex, study,

and CLL-IPI score in two categories. We also investigated potential

differences by sex in a stratified Cox regressionmodel.

The studies were ethically approved according to the Declaration

of Helsinki and written informed consent was obtained. The cohort

protocol for the Mayo Clinic participants was approved by the Mayo

Clinic Institutional Review Board.

3 RESULTS

In total, 1154 patients were included (793 from the Mayo study and

361 from the SCALE study) with 64% male, and the mean age at the

time of diagnosis was 62.3 years (range: 23–90) (Table S1). A history

of atopy, human herpes virus (HHV) cold blisters, and HHV zoster was
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F IGURE 1 Time-to-first treatment (TTFT) stratified by chronic lymphocytic leukemia-international prognostic index (CLL-IPI) with a green
curve representing cases with high or very high-risk profile and a blue line representing cases with low or intermediate risk profile.

F IGURE 2 Time-to-first treatment (TTFT) stratified by chronic lymphocytic leukemia-international prognostic index (CLL-IPI) score with a red
curve representing cases with red very high risk, purple high risk, green intermediate risk, and blue low risk.

more frequently reported in SCALE cases while a history of mononu-

cleosis, having a family history of hematological malignancy, or being a

never drinkerwasmore common inMayo cases (Table S1). Of the 1154

CLL patients, themedian follow-upwas 6.8 years, and themedianTTFT

was 3.5 years where 529 received a first-line treatment. TTFT was

shorter in caseswith high/very high riskCLL-IPI than low/intermediate

riskCLL-IPI; (HR=1.80, 95%CI: 1.65–1.97, p<0.0001, adjusted for sex

and study, Figures 1 and 2).



GLIMELIUS ET AL. 1001

F IGURE 3 Time-to-first-treatment (TTFT) for patients with chronic lymphocytic leukemia (CLL) by environmental exposures prior to the time
of diagnosis shown overall.

F IGURE 4 Time-to-first-treatment (TTFT) for patients with Chronic Lymphocytic Leukemia (CLL) by environmental exposures prior to the
time of diagnosis shown for males.

F IGURE 5 Time-to-first-treatment (TTFT) for patients with chronic lymphocytic leukemia (CLL) by environmental exposures prior to the time
of diagnosis shown for females.
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A shorter TTFT was seen in univariate analyses for taller patients

(HR = 1.1, 95%CI: 1.01–1.19, p = 0.03) and patients with a higher

weight (HR = 1.03, 95%CI: 1.00–1.06, p = 0.02) (Table S2); however,

thiswas attenuatedwhenadjusting for sex, study, andCLL-IPI (Figure 3

and Table S2). No other exposures were associated with TTFT overall

(Table S2) including family history of hematological malignancy, smok-

ing status, physical activity, or sun exposure. When stratifying the

analysis by sex (Figures 4 and 5), history of blood transfusion was asso-

ciated with a longer TTFT among females both in univariate (HR = 0.5,

95%CI: 0.26-0.95,p=0.04) andmultivariable (HR=0.32, 95%CI: 0.16–

0.62, p = 0.001) analysis as was adult height and atopy (Figure 5 and

Table S2). No evidence for associations was observed among males

(Figure 4 and Table S2).

4 CONCLUSION

TTFT was in our cohort shorter for patients with high/very high-risk

CLL-IPI than those with low/intermediate risk CLL-IPI. However,

little to no consistent evidence of any associations of the investigated

lifestyle exposures was found to be associated with TTFT, univariately

or when adjusting for CLL-IPI, except for women having a history of

blood transfusion. Family history of hematological malignancy, medical

history, and lifestyle factors added no prognostic information beyond

CLL-IPI and indicated that these exposures before diagnosis have a

limited impact on the natural course of CLL. Thus, patients could be

counseled that their personal traits and lifestyle habits investigated

here likelywill have a very limited impact on TTFT for their CLL disease

course.

The risk of CLL has a strong inherited component [10] and pro-

nounced risks have been described in individuals with a family history

of CLL [11]. Herein, we demonstrated that familial association is not

associated with TTFT. Our finding of a longer TTFT for women with a

history of blood transfusion may be explained by these patients likely

having had another disease (or planned surgery) andhaving been inves-

tigated (with a full blood count) for that reason, which would lead to an

earlier diagnosis of CLL.

The novel findings in this study, that an epidemiologic exposure does

not addprognostic informationbeyond clinical characteristics, canpro-

vide valuable information to patients, as they can be told that medical

history and lifestyle factors evaluated herein are not likely to affect

the aggressiveness of their disease. One might expect that individ-

uals with a normal body mass index (BMI), without medical history

conditions (such as atopy/allergy and autoimmunity), non-smokers,

and never drinkers would have a more favorable (indolent) disease

course, but this was not seen. In case of a later need for treatment

for CLL, those factors might however affect treatment tolerance and

risk of other severe complications such as secondary infections and

secondary malignancies, all different outcomes than TTFT. Moreover,

established factors predicting shortTTFT inCLL includeCLL-IPI [9] and

its components, the IPS-E score/tumor mutational load [12, 13], and

complex karyotype [14]. These factors are better at predicting TTFT

than environmental exposures. The incidence of CLL has also been sta-

ble since the millennium, indicating no major changes in risk factor

patternswithmodern living conditions and strengthening theautoanti-

gen or genetic hypothesis for this disease. The prevalence of CLL is

increasing due to improved survival secondary to the impact of novel

drugs [15]. Personal traits might also influence other important out-

comes for lymphoma patients, such as the risk of second malignancies

and secondary infections. Here we believe that having a family history

of lymphomamight increase the riskof anewsecondmalignancyaswas

recently shown in MCL [16]. For secondary infections we believe the

need for treatment and given treatment is the strongest predicting fac-

tor [17] but personal traits likely also contribute [18]. Those different

outcomes were not tested in this study.

The strengths of this investigation were the use of biological

knowledge and scoring tools at the same time as the availability of rich

environmental data in a large, well-powered cohort of CLL patients

frommultiple institutions. This facilitated a broad perspective on prog-

nostic factors including biological, clinical, and environmental factors.

Limitations include potential recall bias and participation bias, and

some of the exposure variables were available only for theMayo Clinic

study.

In this pooled cohort study enrichedwith key clinical and prognostic

molecular data, we examined modifiable and non-modifiable medical

history and lifestyle factors for their impact on TTFT.We found limited

impact from modifiable factors on the natural history of the disease

providing valuable knowledge, and potential relief, to share with

patients at the time of diagnosis.
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