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SUMMARY

This study describes chemotherapy exposure, healthcare utilization, overall survival (OS) and progression-
free survival (PFS) among patients diagnosed with chronic lymphoid leukemia (CLL). Newly diagnosed CLL 
patients who received chemotherapy were selected from the Eindhoven Cancer Registry between 1998-2011, 
linked on a patient-level to the PHARMO Database Network including data on in- and out-patient drug dispensings, 
hospitalizations and clinical laboratory measurements. Chemotherapy was classifi ed in regimens of use 
based on chemotherapy combinations. OS and PFS were determined after diagnosis and after chemotherapy. 
Healthcare utilization was assessed in the year before diagnosis and in the year after chemotherapy. 

In total, 125 CLL patients received chemotherapy: 52 patients (42%) started chemotherapy within 6 months 
and 73 patients (58%) started chemotherapy ≥6 months after diagnosis. Mean (±SD) age was 67(±10) years and 
68% was male. About 50% had one treatment line and about 25% two lines of treatment. Chlorambucil was the 
most common type of fi rst line chemotherapy. Prior diagnosis, 44% were hospitalized for any cause and 94% had 
at least one drug dispensing. After chemotherapy, this was 43% and 98%, respectively. One-year survival rate after 
diagnosis was 94%. Median PFS after fi rst treatment line was 17 months for patients starting within 6 months 
and 27 months for patients starting ≥6 months after diagnosis. In conclusion, most CLL patients receiving 
chemotherapy were treated with chlorambucil. One-year after initial diagnosis, 94% were still alive. Median PFS 
after fi rst line chemotherapy ranged from 17 to 27 months, depending on the timing of chemotherapy.
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INTRODUCTION

Chronic lymphoid leukemia (CLL) is a type of slow growing blood cancer that affects 
developing B-cell lymphocytes and accounts for approximately 30% of all lymphoid 
neoplasms and 12% of nodal lymphomas [1,2]. CLL primarily affects patients aged 60 
and older and men are affected twice as often as women [3-5]. In Europe, the age-
standardized incidence rate of CLL is 3.8 per 1,00,000 person-years [5,6] and 5.1 per 
1,00,000 person-years in the US [3].

There is unmet need concerning the treatment of older patients with CLL. The 
chemotherapy combination rituximab, ludarabine, and cyclophosphamide is the 
standard therapy for it patients younger than 65 years and has shown to prolong 
overall survival [7]. However, randomized trials failed to show this bene it in improved 
survival among elderly, less it patients. Until recently, chlorambucil monotherapy was 
the standard irst line treatment for this group of patients. However, chlorambucil 
monotherapy is shown not to be very effective in terms of progression-free survival 
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[8-10]. Randomized trials have shown bene icial effects of the addition of a monoclonal 
anti-CD20 antibody to chlorambucil [11]. Therefore, new Dutch guidelines in 
2015 recommend to treat less it patients with chlorambucil in combination with a 
monoclonal anti-CD20 antibody as irst line treatment [12]. New treatments, such 
as ibrutinib, and other novel agents are expected to be better tolerated and improve 
outcome in patients with CLL. This study describes chemotherapy exposure, healthcare 
utilization, overall and progression-free survival among patients diagnosed with CLL 
receiving chemotherapy.

SUBJECTS AND METHODS
Data sources

Data for this retrospective cohort study were obtained from the Eindhoven Cancer 
Registry (ECR) linked on a patient-level to the PHARMO Database Network covering 
an overlapping demographic region in the southeastern part of the Netherlands of 
approximately 1.2 million inhabitants. The construct and validity of the PHARMO-ECR 
cohort are described elsewhere [13]. 

The ECR is a population-wide registry which is maintained by the Comprehensive 
Cancer Centre Netherlands and collates records on all newly diagnosed cancer patients 
in the southeastern part of the Netherlands [14]. Trained registry personnel actively 
collect onsite data on all incident cancer cases, including patient characteristics, 
diagnosis, tumor staging, comorbidity at diagnosis and treatment received directly 
after diagnosis (e.g. chemotherapy (yes/no), radiation therapy and surgery).

The PHARMO Database Network is a population-based network of healthcare 
databases and combines data from different healthcare settings in the Netherlands. 
These different data sources are linked on a patient level through validated algorithms. 
For this study, the Hospitalization Database, the In-patient Pharmacy Database, the 
Out-patient Pharmacy Database and the Clinical Laboratory Database was used. Data 
collection period, catchment area and overlap between data sources differ. 

Study population

Patients who were diagnosed with CLL (WHO International Classi ication of 
Diseases for Oncology 3rd edition code (ICD-O-3 morphology): 9673) in the period 
January 1, 1998 to December 31, 2011 were selected. In order to determine whether 
these patients received chemotherapy, selected patients were required to have in-
patient pharmacy data available. All of these patients have hospital data and out-patient 
pharmacy data available and a part of them have clinical laboratory data available. 
Eligible patients were followed from irst diagnosis of CLL onwards and were censored 
at time of diagnosis of a primary malignancy other than CLL, end of data collection in 
the PHARMO Database Network (i.e. the patient moves out of the PHARMO catchment 
area), death or end of the study period (December 31, 2012), whichever occurred 
irst. Diagnosis of another primary malignancy was de ined as a hospitalization with 

a primary or secondary discharge diagnosis for a primary malignancy other than 
CLL or chemotherapy received after initial diagnosis not related to the treatment of 
CLL. Patients receiving chemotherapy after initial CLL diagnosis were included in the 
analysis.

Chemotherapy exposure

Chemotherapy information, including type of drug and date of administration, 
was obtained from the Out-patient Pharmacy Database and the In-patient Pharmacy 
Database based on Anatomical Therapeutic Chemical (ATC) code L01. Administered 
chemotherapies after initial diagnosis were classi ied in regimens of use based on 
the received chemotherapy combinations and sequences. Chemotherapy regimens 
per patient were strati ied by line of therapy with switch to following line of therapy 
based on: 1) the start of a different type of chemotherapy agent or combination of 
chemotherapy than initially was started with or 2) an interruption between two 
chemotherapy regimens of more than 183 days.
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Healthcare utilization

Among patients with at least 12 months of history in the PHARMO Database 
Network prior to initial CLL diagnosis, healthcare utilization in the 12 months prior 
to initial CLL diagnosis was determined. In addition, for patients with at least 12 
months of follow-up in the PHARMO Database Network after chemotherapy treatment, 
healthcare utilization in the 12 months after chemotherapy treatment was determined. 
Healthcare utilization included all-cause hospitalization and out-patient medication 
use.

Overall survival and progression-free survival

Overall survival was determined after initial CLL diagnosis and after chemotherapy 
treatment. In addition, progression-free survival was determined after the end date of 
the irst line chemotherapy treatment. Patients ful illing one of the following criteria 
were de ined as having progression of the disease: 1) start of a different type of 
chemotherapy agent or combination of chemotherapy than initially was started with, 
2) at least one increase in the number of blood lymphocytes by 50%, 3) at least one 
decrease in Hgb level by more than 2 g/dl or a Hgb of less than 10 g/dl, 4) at least 
one decrease in platelet counts by more than 50% or a platelet count of less than 
100.000/ul, after at least 3 months. Criteria 2-4 could only be detected for part of the 
CLL patients.

Statistical analysis

Analyses were descriptive in nature. Patient characteristics, chemotherapy 
exposure, overall survival and progression-free survival are presented by timing of 
chemotherapy. Survival is shown in Kaplan-Meier curves. All data were analyzed using 
SAS programs organized within SAS Enterprise Guide version 4.3 (SAS Institute Inc., 
Cary, NC, USA) and conducted using SAS version 9.2.

RESULTS
Baseline characteristics

There were 393 patients diagnosed with CLL in the PHARMO-ECR cohort between 
1 January 1998 and 31 December 2011 and with hospitalization data, in-patient 
pharmacy data and out-patient pharmacy data available. Of these, 125 patients 
(32%) received chemotherapy after initial diagnosis, of which 52 patients (42%) 
started chemotherapy within 6 months after initial diagnosis and 73 patients (58%) 
started chemotherapy more than 6 months after initial diagnosis. Among patients 
starting chemotherapy more than 6 months after initial diagnosis, the median (IQR) 
time between initial diagnosis and start of chemotherapy was 741 (379-1285) days. 
The mean (±SD) age of patients starting chemotherapy within 6 months after initial 
diagnosis was 69 (±11) years and the majority was male (62%) (Table 1). Of the 
patients starting chemotherapy more than 6 months after initial diagnosis, the mean 
(±SD) age was 66 (±10) years and 73% was male.

Chemotherapy exposure

Among CLL patients receiving chemotherapy, about 50% had one treatment line 
and about 25% had two lines of treatment, irrespective of when chemotherapy started. 
Chlorambucil was the most common type of chemotherapy received as irst and second 
line treatment (71% and 48% respectively for CLL patients starting chemotherapy 
within 6 months after initial diagnosis, and 75% and 58% respectively for CLL patients 
starting chemotherapy more than 6 months after initial diagnosis). The second most 
common type of chemotherapy received as irst and second line treatment was R-CVP 
for CLL patients starting chemotherapy within 6 months after initial diagnosis (13% 
and 15% respectively). Among CLL patients starting chemotherapy more than 6 months 
after initial diagnosis, ludarabine was the second most common type of chemotherapy 
received as irst line treatment (10%) and rituximab as second line treatment (17%) 
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(Table 2). Among those starting chemotherapy within 6 months after initial diagnosis, 
the median (IQR) duration of the irst and second line was 100 (40-195) days and 150 
(49-244) days, respectively. Among those starting chemotherapy more than 6 months 
after initial diagnosis, the median (IQR) duration of the irst and second line was 85 
(48-169) days and 89 (44-199) days, respectively.

Table 1: General characteristics of CLL patients receiving chemotherapy, stratifi ed by timing of chemotherapy.
CLL patients

receiving 
chemotherapy
N = 125 n (%)

Starting chemotherapy
within 6 months after initial 

diagnosis
N = 52 n (%)

Starting chemotherapy more than 6 months 
after initial diagnosis

N = 73 n (%)

Age (years)
<60 22 (18) 8 (15) 14 (19)

60-69 50 (40) 16 (31) 34 (47)
70-79 37 (30) 19 (37) 18 (25)
≥80 16 (13) 9 (17) 7 (10)

Mean ± SD 67 ± 10 69 ± 11 66 ± 10
Gender

Male 85 (68) 32 (62) 53 (73)
Female 40 (32) 20 (38) 20 (27)
Year of 

diagnosis
1998-2003 45 (36) 17 (33) 28 (38)
2004-2006 37 (30) 14 (27) 23 (32)
2007-2009 20 (16) 9 (17) 11 (15)
2010-2011 23 (18) 12 (23) 11 (15)

SD=standard deviation.

Table 2: Number of treatment lines and type of chemotherapy among CLL patients.
Starting chemotherapy

within 6 months after initial 
diagnosis

N=52 n (%)

Starting chemotherapy more than 6 months after 
initial diagnosis

N=73 n (%)

Number of treatment lines
1 25 (48) 37 (51)
2 12 (23) 18 (25)
3 3 (6) 6 (8)
4 4 (8) 6 (8)

>4 8 (15) 6 (8)
Type of chemotherapy 

regimen
First line N=52 N=73

Combination therapy
CVP 3 (6) 0 (0)

R-CVP 7 (13) 2 (3)
R-CHOP 2 (4) 1 (1)

FC 1 (2) 4 (6)
R-FC 1 (2) 1 (1)

Monotherapy
Chlorambucil 37 (71) 55 (75)
Fludarabine 0 (0) 7 (10)
Rituximab 1 (2) 3 (4)

Second line N=27 N=36
Combination therapy

CVP 3 (11) 0 (0)
R-CVP 4 (15) 2 (6)

R-CHOP 2 (7) 0 (0)
FC 1 (4) 3 (8)

R-FC 1 (4) 3 (8)
Monotherapy
Chlorambucil 13 (48) 21 (58)
Fludarabine 1 (4) 1 (3)
Rituximab 2 (7) 6 (17)

CVP=cyclophosphamide, vincristine; R-CVP=rituximab, cyclophosphamide, vincristine; R-CHOP=rituximab, 
cyclophosphamide, doxorubicin, vincristine; FC=fl udarabine, cyclophosphamide; R-FC=rituximab, fl udarabine, 
cyclophosphamide.
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Table 3: Hospitalizations in the year prior to initial diagnosis and in the year after chemotherapy 
treatment among CLL patients.

CLL patients 
N = 125

In the 12 months prior to initial diagnosis
Number of patients with at least 12 months of history N = 117

Number of hospitalized patients, n (%) 52 (44)
Total number of hospitalizations, n 80

Total number of hospitalized days, n 436
Mean ± SD number of hospitalized days among all patients 4 ± 9

In the 12 months after chemotherapy treatment
Number of patients with at least 12 months of follow-up N = 63

Number of hospitalized patients, n (%) 27 (43)
Total number of hospitalizations, n 86

Total number of hospitalized days, n 369
Mean ± SD number of hospitalized days among all patients 6 ± 17

SD=standard deviation.

Healthcare utilization

Of the 125 CLL patients, 117 patients (94%) had at least 12 months of history prior 
to initial diagnosis. Of these, 52 patients (44%) were hospitalized for any cause. Mean 
(±SD) length of all-cause hospitalization stay among all patients (i.e. including patients 
without a hospitalization) was 4 (±9) days (Table 3). Regarding out-patient medication 
use, 110 patients (94%) had at least one dispensing in the year prior to initial diagnosis. 
Mean (±SD) number of dispensings among all patients (i.e. including non-users) was 
20 (±18) (Table 4). There were 63 patients (50%) with at least 12 months of follow-
up after chemotherapy treatment. Of these, 27 patients (43%) were hospitalized for 
any cause. Mean (±SD) length of all-cause hospitalization among all patients was 6 
(±17) days. There were 62 patients (98%) with at least one dispensing in the year after 
chemotherapy treatment. The mean (±SD) number of dispensings among all patients 
was 34 (±41).

Survival

One year after initial diagnosis, 94% of CLL patients receiving chemotherapy were 
still alive (Figure 1A). Five years after initial diagnosis, 75% of CLL patients receiving 
chemotherapy were still alive (Figure 1A). One year after the end of chemotherapy 
treatment, 77% were still alive (Figure 1B). This one-year survival rate was slightly 
higher among patients starting chemotherapy more than 6 months after initial diagnosis 
than for patients starting chemotherapy within 6 months after initial diagnosis (77% 
vs. 71%). The median progression-free survival from end of the irst treatment line 
was 27 months for CLL patients starting chemotherapy within 6 months after initial 
diagnosis and 17 months for CLL patients starting chemotherapy more than 6 months 
after initial diagnosis (Figure 2). 

Table 4: Out-patient medication use in the year prior to initial diagnosis and in the year after chemotherapy 
treatment among CLL patients.

CLL patients 
N=125

In the 12 months prior to initial diagnosis
Number of patients with at least 12 months of history N=117

Number of users, n (%) 110 (94)
Total number of dispensings, n 2,326

Mean±SD number of dispensings among all patients 20±18
In the 12 months after chemotherapy treatment

Number of patients with at least 12 months of follow-up N=63
Number of users, n (%) 62 (98)

Total number of dispensings, n 2,137
Mean±SD number of dispensings among all patients 34±41

SD=standard deviation
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DISCUSSION

This retrospective cohort study has been performed to gain more insight in the 
treatment and outcomes of patients diagnosed with CLL in daily clinical practice. 
CLL patients receiving chemotherapy were selected from the PHARMO-ECR cohort. 
Age and gender of the study patients is similar to descriptions of CLL patients in the 
literature [3-5]. 

In order to investigate the outcomes and treatment speci ic for CLL, patients were 
censored at the time of diagnosis of other primary malignancy than CLL, de ined as 
either receiving chemotherapy not related to the treatment of CLL or a hospitalization 
for another primary malignancy during follow-up. However, as probably not all 
patients are receiving chemotherapy or are hospitalized for a malignancy, some of the 
patients included in the study cohort may still be diagnosed with another malignancy.

    A          B

Figure 1: Survival after initial diagnosis (A) and after chemotherapy treatment (B) among CLL patients receiving chemotherapy.

 

 Median follow-up: 19.4 months 
Median progression-free survival = 27.4 months 
Median follow-up: 13.4 months 
Median progression-free survival = 16.8 months 

Figure 2: Progression-free survival after fi rst treatment line among CLL patients, stratifi ed by timing of chemotherapy.
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Of the CLL patients receiving chemotherapy, 58% started chemotherapy more than 
6 months after initial diagnosis. According to the guidelines, newly diagnosed patients 
with early stage disease do not need to be treated until they become symptomatic or 
display evidence of rapid progression of disease [7,15]. Patients starting chemotherapy 
within 6 months after initial diagnosis were slightly older than patients starting 
chemotherapy more than 6 months after initial diagnosis.

Approximately three-quarter of the CLL patients received chlorambucil as irst line 
chemotherapy treatment, which is a commonly used chemotherapy type among less 
it CLL patients. One year after initial diagnosis, 94% of the CLL patients in this study 

were still alive and 75% after ive years. A previous study has shown increased survival 
rates for CLL patients over the years. Five-year relative survival increased from 61% 
in 1989-1993 to 70% 2004-2008 for males, and from 71% to 76% for females [5]. The 
one-year survival rate was slightly higher among patients starting chemotherapy more 
than 6 months after initial diagnosis than for patients starting chemotherapy within 
6 months after initial diagnosis. Previous meta-analysis of randomized clinical trials 
(RCTs) did not show a difference in survival between patients starting early treatment 
and patients with a “watch and wait” period [16]. In a prospective, randomised, 
open-label, phase 3 study among psychically it CLL patients, the addition of an anti-
CD20 monoclonal antibody to chemotherapy increased the proportions of patients 
achieving a complete remission and remaining free of progression for 3 years (3-year 
progression-free survival of 65% versus 45%) [17]. In a more recent RCT among 
781 CLL patients with a Cumulative Illness Rating Scale (CIRS) score higher than 6, 
combining chlorambucil with an anti-CD20 monoclonal antibody prolonged overall 
survival compared with chlorambucil monotherapy (hazard ratio for death, 0.41; 
95% CI, 0.23 to 0.74; P=0.002) [18]. These RCTs suggest that chlorambucil alone is 
not as effective as chlorambucil in combination based on CLL survival rates. Recently, 
ibrutinib was approved in the EU for the treatment of adult CLL patients who have 
received at least one previous treatment, and for the treatment in front line of CLL 
patients who have genetic mutations in their cancer cells called 17p deletion or TP53 
mutation [19]. Ibrutinib is an anticancer drug targeting B-cell malignancies and is a 
irst-in-class oral covalent inhibitor of Bruton’s tyrosine kinase (BTK). BTK is critical to 

the growth and survival of B-cells. Ibrutinib prevents BTK from functioning by killing 
the malignant B-cells and leaves healthy T-cells largely unaffected [20]. In a multicenter, 
open-label, phase 3 study among 391 CLL patients with relapsed or refractory disease, 
patients receiving ibrutinib showed signi icantly improved progression-free survival 
compared with patients receiving ofatumumab as assessed by Independent Review 
Committee (HR: 0.22 (95% CI: 0.15-0.32), p<0.001) [21]. 

Elderly patients have not been studied extensively in many clinical trials and there 
is a large unmet need for treatment options in this high-risk group of CLL patients. 
More research is needed to show the bene it of more effective therapies in elderly less 
it patients in order to improve survival.
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