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Aim: Describe hairy cell leukemia (HCL) treatment patterns using a large, nationally 
representative US database. Patients & methods: Adults newly diagnosed with HCL 
(1 January 2006 to 30 June 2014) with continuous health plan enrollment ≥180 days 
pre- and 90 days post-diagnosis were identified from the QuintilesIMS PharMetrics 
Plus Health Plan Claims Database. Treatment patterns by line of therapy were assessed 
over the variable follow-up. Results: Among 749 HCL patients (77.4% male; mean age 
55.6; mean 32.3 months follow-up), only 37.7% initiated first-line therapy during the 
available follow-up in a mean of 4.4 months following diagnosis; the majority (75.5%) 
received cladribine (mean duration 7.3 days). Thirty-eight patients (5.1%) received 
second-line treatment. Conclusion: Over 2.7 years follow-up, more than a third of 
patients initiated first-line therapy which appeared to provide a long-lasting response.
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Hairy cell leukemia (HCL) is a rare, indo-
lent, low-grade B-cell lymphoid leukemia, 
comprising approximately 2% of all leuke-
mias and with an estimated 900 new cases 
in the USA each year [1]. HCL is more com-
mon in males (with a 4:1 ratio to women) 
and median age at diagnosis is approximately 
55 years  [1]. While HCL is not curable, it is 
responsive to available therapies and the goal 
is to achieve complete remission  [1,2]. Over 
the last few decades, the treatment strategy 
for HCL has shifted from the use of splenec-
tomy and interferon-alfa to use of a single-
agent purine nucleoside analog (PNA), either 
pentostatin or cladribine  [3]. The CD20-
targeting monoclonal antibody, rituximab, 
may be considered in patients with relapse or 
refractory following initial PNA therapy [4].

Not all newly diagnosed patients with 
HCL will require treatment immediately, 
and for symptomatic patients, or patients 
with significant cytopenias, National Com-
prehensive Cancer Network (NCCN) guide-

lines recommend first-line (1L) therapy with 
either pentostatin or cladribine  [4]. Second-
line (2L) treatment options for patients with 
relapsed/refractory HCL depend upon the 
quality and duration of remission to initial 
therapy  [4]. For patients with a complete 
response that relapse 1 year or later from ini-
tial response, NCCN guidelines recommend 
retreatment with the same PNA with or with-
out rituximab, or treatment with the alterna-
tive PNA with or without rituximab [4]. For 
patients with a complete response that relapse 
within 1 year of initial response, or for 
patients with less than a complete response 
to initial therapy, 2L options include treat-
ment with the alternative PNA with or with-
out rituximab, rituximab alone, IFN-α or 
participation in a clinical trial  [4]. Recent 
guidelines from the European Society for 
Medical Oncology and consensus guidelines 
from an international conference convened 
by the Hairy Cell Leukemia Foundation 
provide similar treatment recommendations 
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for patients with HCL in 1L with some differences in 
treatment recommendations following 1L [5,6].

While no clinical trials have compared pentostatin 
and cladribine, a long-term retrospective, single insti-
tute study in the UK found no significant difference 
in outcome (e.g., response rates and disease-free sur-
vival) between pentostatin and cladribine either at 
first or subsequent lines of therapy [7,8]. The majority 
(76–91%) of patients treated with either therapy are 
expected to achieve a durable complete remission [1]. 
Overall survival rates have ranged from 80 to 90% 
with pentostatin at 10 years, and 97% with cladribine 
at 9 years [9]. However, relapse occurs in 30–40% of 
patients after 5–10 years of follow-up  [3]. Response 
may vary by age, and long-term follow-up is needed 
for this rare malignancy to determine overall sur-
vival versus competing mortalities associated with 
aging [2].

Common toxicities with PNA therapy are neutro-
penia and thrombocytopenia; however, long-term ret-
rospective studies among large samples have reported 
high rates of febrile neutropenia with cladribine (42%) 
and relatively lower rates with pentostatin (17%)  [9–
11]. Duration of therapy until documented complete 
remission also varies between the two therapies, and 
pentostatin may be given at 2-week intervals for up 
to 6 months or longer, while patients treated with 
cladribine usually receive a single 5–7 day course of 
therapy  [1]. The comparative ease of administration 
of cladribine, delivered as a single course of therapy, 
has led to cladribine being the initial therapy selected 
by most hematologists/oncologists [2,12].

Real world data on HCL treatment pathways and 
treatment outcomes among large sample sizes are 
limited, particularly in the USA. Real-world studies 
have primarily focused on single-institution or multi-
center studies evaluating clinical outcomes outside of 
the USA, and the larger studies (with patient sample 
sizes of at least 100) have been located in Italy, France, 
Spain and the UK  [7,8,13–15]. In the USA, the Surveil-
lance, Epidemiology, and End Results (SEER) data-
base has been used to investigate survival and autoim-
mune conditions in HCL, while clinical characteristics 
and long-term outcomes have recently been reported 
among 88 young HCL patients treated with cladrib-
ine at the Scripps Clinic in La Jolla, California [16–19]. 
Costs associated with HCL, relevant to both the payer 
and patient perspectives, are unavailable from the 
literature.

Given the absence of real-world data, the pri-
mary objectives of this study were to identify newly 
diagnosed HCL patients using a large, US database, 
nationally representative of the commercially insured 
population, to describe patient characteristics, to 

evaluate treatment utilization and patterns by line of 
therapy (LOT) and to measure healthcare resource 
utilization (HCRU) and costs.

Patients & methods
Data source
This observational retrospective cohort study utilized 
data from the QuintilesIMS PharMetrics Plus Health 
Plan Claims Database from 1 January 2006 to 30 June 
2014. The database is comprised of longitudinal, adju-
dicated administrative claims data for more than 150 
million unique health plan members across the USA. 
Data elements include in-patient and outpatient diag-
noses and procedures, retail and mail order prescrip-
tion records, pharmacy and medical benefit informa-
tion, in-patient stay and provider details, demographic 
variables, product type, payer type, and start and stop 
dates of health-plan enrollment. Amounts charged by 
providers and amounts allowed and paid by health 
plans are available for all services rendered. PharMet-
rics Plus also has detailed information on the pharmacy 
and medical benefit (copayment, deductible). Due to 
the broad reach of the data (∼1 in 3 Americans), the 
database is nationally representative of the commer-
cially insured US population in terms of age and gen-
der. All data are compliant with the Health Insurance 
Portability and Accountability Act (HIPAA) to protect 
patient’s privacy.

Sample selection
Patients were evaluated for study inclusion if they had 
a diagnosis of HCL (ICD-9-CM code 202.4×) on a 
medical claim between 1 January 2006 and 30 June 
2014. The date of the first observed diagnosis was 
termed as the ‘index date’. Patients were required to 
have continuous enrollment (CE) in the health plan 
≥180 days prior to the index date (the ‘preindex’ 
period) in order to assess baseline patient characteris-
tics and ≥90 days CE following the index date (the 
variable ‘follow-up’ period) to evaluate the study out-
comes; however, patients with in-patient mortality 
within 90 days postindex were not excluded. A con-
firmatory, second HCL diagnosis was required at any 
time in the available follow-up. Patients were excluded 
with any cancer or malignancies (ICD-9-CM 3-digit 
level codes for neoplasms [140–239]) in the preindex 
period to help ensure observation of newly diagnosed 
HCL patients without any other cancers, which could 
complicate the exploration of HCL-treatment patterns. 
Patients were required to be ≥18 years of age at index 
date. Patients with incomplete data (e.g., invalid demo-
graphic or enrollment data, Medicare cost or State 
Children’s Health Insurance Program [SCHIP] plans) 
were excluded.
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Line of therapy definitions
Chemotherapy and/or biologic therapy use was exam-
ined for each patient following the index date in order 
to identify the LOT regimens. LOT was defined based 
on the sequencing and dates of therapy use (i.e.,  ini-
tiation and discontinuation). A comprehensive list of 
drugs/biologics were evaluated as HCL related, based 
on those recommended by NCCN treatment guide-
lines, as well as those recommended for leukemia and 
non-Hodgkin’s lymphoma in general (steroids were 
not included). This claims-based algorithm to define 
LOT was developed prior to data analysis based on a 
review of the published cancer literature using admin-
istrative claims data given the absence of relevant HCL 
studies [20–22].

Initiation of a 1L treatment regimen was identified 
by the first chemotherapy and/or biologic drug for 
HCL following the index date. A treatment regimen 
was identified by all chemotherapies and/or biologics 
given to a patient within the first 2 weeks of initia-
tion. The date of the first HCL therapy in the 1L regi-
men was termed the date of 1L therapy initiation. An 
LOT was defined as ending based on the first occur-
rence of either: use of a new drug not in the treatment 
regimen (either addition or switch) following the first 
2 weeks of therapy; a gap in all HCL therapy of >90 
days (for orals, the 90-day gap was assessed after days’ 
supply end date [i.e., date of prescription fill plus days’ 
supply]); or end of follow-up. End of follow-up was 
defined based on the first occurrence of end of patient 
continuous enrollment, in-patient mortality or end of 
study period (30 June 2014). The date of the use of 
the new drug, the first day in the 90-day gap or the 
date of end of follow-up, respectively, defined the end 
of that LOT. The subsequent LOT started with the 
use of a new drug (new drug addition to the existing 
treatment regimen or switch to a new drug) following 
the first 2 weeks of therapy, or next drug following the 
>90-day gap in therapy. Subsequent 2L and third-line 
(3L) treatment regimens were assessed applying the 
same methods.

Study outcomes
Patient characteristics were reported for the overall 
sample of newly diagnosed HCL patients, with clinical 
characteristics measured over the 180 days preindex. 
Clinical characteristics included Charlson Comorbid-
ity Index (CCI) score (with HCL excluded from the 
calculation), physician specialty associated with the 
index diagnosis (the physician specialty on the index 
date, or if missing, the physician specialty for the office 
visit closest to [before or after] the index date), pres-
ence of relevant comorbidities (HCL-related or com-
mon comorbidities) and total 180-day preindex health-

care costs. Characteristics were also assessed for the 1L 
population, 2L population and patients that did not 
receive any HCL therapy over the follow-up. Among 
patients initiating 1L and 2L therapy, clinical char-
acteristics were also evaluated as measured over the 
180 days prior to 1L and 2L initiation, respectively, in 
order to understand characteristics that may be associ-
ated with disease progression or treatment.

Number of LOTs received was evaluated. Time 
to initiation of an LOT was described at the patient 
level. Therapies utilized in each LOT were described as 
well as sequential treatment pathways. Each LOT was 
characterized by duration (from initiation of an LOT 
treatment regimen to the end of the LOT).

Given the lack of clinical data and lab values (e.g., to 
identify complete response etc.), relapse and refractory 
disease following 1L were defined based on time to ini-
tiation of 2L therapy. Patients who initiated 2L were 
either classified as having relapsed disease following 1L 
if the gap between the prior regimen and subsequent 
regimen was ≥365 days or as having refractory disease 
following 1L if the gap was <365 days.

All-cause HCRU and costs were assessed over the 
variable follow-up period. HCRU included the mutu-
ally exclusive categories of outpatient pharmacy pre-
scriptions, hospitalizations, emergency room visits and 
outpatient care (including outpatient physician office 
visits, outpatient surgical visits, and lab tests and other 
services [including HCL-related injections]). Costs 
were assessed for HCRU service categories by sum-
ming the allowed amounts reported by payers, com-
prising the amount paid by the health plan and patient 
combined. HCL-related costs were also assessed based 
on the presence of an HCL diagnosis code and/or 
HCL-associated therapies. Healthcare utilization and 
costs over the variable follow-up period were evalu-
ated on a per-patient basis. All costs were adjusted to 
2014 US dollars using the medical care component 
of the US Consumer Price Index. Total HCRU was 
also reported at an annualized level using the calcula-
tion: annualized rate of use = (units used postindex)/
(days follow-up postindex/365). Total healthcare 
costs were also reported at an annualized level using 
the calculation: annualized cost = (cost postindex)/
(days follow-up postindex/365).

Analyses
Descriptive summary statistics were used to describe 
the data. In general, findings were reported for cate-
gorical variables using frequency and percentage dis-
tributions, while mean, standard deviation (SD) and 
median were used to describe continuous variables. 
Analyses were performed using SAS version 9.3 (SAS 
Institute, Inc., NC, USA).



500 J. Comp. Eff. Res. (2017) 6(5)

Figure 1. Selection flow diagram.

Patients with ≥1 HCL diagnosis between 1/1/2006–6/30/2014 (date of �rst
diagnosis termed the ‘index date’)

n = 4877

Patients with ≥180-day pre-index and ≥90-day post-index continuous
health plan enrollment (exception: patients with inpatient mortality <90

days post-index)
n = 2133 (43.7%)

With a second HCL diagnosis in the available post-index
n = 1317 (27.0%)

Without any cancers or malignancies in the 180-day pre-index 
n = 764 (15.7%)

≥18 years of age on index date and without poor data quality (invalid
demographic/enrollment values)

n = 749 (15.4%)

Final sample of newly diagnosed patients with HCL
n = 749
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Results
Patient sample
A total of 749 adults newly diagnosed with HCL 
between 2006 and 2014 were identified that met all 
study eligibility criteria (see Figure 1). The majority 
(n = 467; 62.3%) of newly diagnosed HCL patients did 
not initiate any HCL therapy over the available follow-
up. Of the overall sample (n = 749), 37.7% (n = 282) 
initiated 1L therapy, 5.1% of patients (n = 38) initi-
ated 2L therapy and 1.5% (n = 11) initiated 3L therapy. 
Among the 282 patients initiating therapy, 86.5% (n = 
244) received 1L therapy only, 9.6% (n = 27) received 
both 1L and 2L therapy and 3.9% (n = 11) received 
three LOTs.

Demographic characteristics
Demographic characteristics of the overall sample, 
patients initiating 1L therapy, patients initiating 2L 
therapy and patients that did not initiate HCL therapy 
can be found in Table 1. Among the overall sample, 
mean (SD) age was 55.6 (10) years at diagnosis. The 
majority of patients were male (77.4%) and commer-
cially insured (64.1%). Patients were most frequently 
located in the Midwest (37.5%). Overall, patients had a 
mean follow-up from diagnosis of 32.3 (22.0) months. 
Patients who did and did not initiate HCL-related 
therapy over the follow-up appeared to be similar in 
most demographic characteristics. However, patients 

that did not initiate therapy had a slightly higher mean 
age of 56.8 (9.9) years at diagnosis, compared with 53.8 
(9.8) years for patients initiating 1L and 53.9 (12.1) 
years for patients initiating 2L. Additionally, available 
follow-up time varied. Patients who did not initiate 
HCL-related therapy over the available follow-up had 
mean follow-up from diagnosis of 31.3 (21.8) months. 
Compared with patients not initiating HCL-related 
therapy, mean follow-up from diagnosis was longer for 
patients who initiated 1L therapy (33.8 [22.3] months) 
and even longer for patients who initiated 2L therapy 
(39.9 [22.6] months).

Clinical characteristics
Clinical characteristics of the overall sample, the 
1L sample, the 2L sample and patients that did 
not initiate HCL therapy can be found in Table 2. 
Among the overall sample, more than half (57.8%) 
of patients had a CCI score of 0 at diagnosis. The 
most frequent comorbidities in the 6 months prior 
to diagnosis were hypertension (24.2%), aplastic 
anemia (21.5%), anemia (19.4%) and splenomegaly 
(14.2%). A total of five (0.7%) patients died in hos-
pital over the available follow-up. For patients that 
did not initiate any HCL therapy over the follow-up, 
presence of several baseline comorbidities was lower 
compared with patients that went on to initiate HCL 
therapy: anemia (12.2 vs 31.2%), aplastic anemia 
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Table 1. Demographic characteristics.

Characteristic Overall (n = 749) 1L (n = 282) 2L (n = 38) No HCL therapy (n = 467)

Age (years):

– Mean 55.6 53.8 53.9 56.8

– SD 10 9.8 12.1 9.9

– Median 56 55 55 57

Age group (%): 

– 18–34 years 2.5 3.9 7.9 1.7

– 35–44 years 10.5 12.4 13.2 9.4

– 45–54 years 29.6 33.3 28.9 27.4

– 55–64 years 43.8 41.8 36.8 45.0

– 65–74 years 8.4 4.6 5.3 10.7

– 75+ years 5.1 3.9 7.9 5.8

Gender (%):

Male 77.4 80.9 84.2 75.4

Female 22.6 19.1 15.8 24.6

Geographic region (%):

– Northeast 21.9 21.6 21.1 22.1

– Midwest 37.5 39.4 34.2 36.4

– South 27.4 27.0 34.2 27.6

– West 13.2 12.1 10.5 13.9

Health plan type (%):

– PPO 77.3 77.3 76.3 77.3

– HMO 10.4 10.6 18.4 10.3

– Other 12.3 12.1 5.3 12.4

Payer type (%):

– Commercial 64.1 62.8 68.4 64.9

– Medicaid 0.1 0.4 0.0 0.0

– Medicare risk 1.5 1.4 0.0 1.5

– Self insured 34.0 35.5 31.6 33.2

– Unknown 0.3 0.0 0.0 0.4

Duration of follow-up (months) from index date:

– Mean 32.3 33.8 39.9 31.3

– SD 22.0 22.3 22.6 21.8

– Median 27.4 28.4 37.3 26.9

1L: First line; 2L: Second line; HCL: Hairy cell leukemia; HMO: Health maintenance organization; PPO: Preferred provider organization; 
SD: Standard deviation.

(12.8 vs 35.8%) and splenomegaly (10.1 vs 20.9%). 
In the 6 months preindex, mean all-cause healthcare 
costs were US$5858 (US$13,836) with median costs 
of US$2593.

Among patients receiving 1L therapy, a number of 
clinical characteristics as measured in the 6 months 
prior to 1L therapy initiation suggested worsening 
disease compared with as measured in the 6 months 

prior to HCL diagnosis (Supplementary Table 1). At 
initiation of 1L therapy, half of the patients had a CCI 
score greater than 0 (53.2%), while at baseline, half 
(50.4%) had a CCI score of 0. Presence of a number 
of comorbidities appeared to increase from 6 months 
prior to diagnosis to 6 months prior to initiation of 
1L therapy: aplastic anemia (49.6 vs 35.8%), anemia 
(39.7 vs 31.2%) and splenomegaly (37.2 vs 20.9%). 
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The median duration of follow-up after initiation of 
1L therapy was 23.2 months. Among patients receiv-
ing 1L therapy, mean all-cause healthcare costs were 
US$6635 (US$7246) in the 6 months prior to diag-
nosis, which increased to US$16,018 (US$17,172) in 
the 6 months prior to 1L initiation. Among patients 
receiving 2L therapy (n = 38), at initiation of 2L ther-
apy, 65.8% of patients had a CCI score of 2 or higher, 
while at baseline, half (44.7%) had a CCI score of 
0 (Supplementary Table 1).

Treatment patterns
Among patients receiving 1L, patients initiated 1L 
therapy in a mean of 4.4 (9.8) months from the date 
of HCL diagnosis and patients had mean follow-up 
of 29.5 (21.0) months following 1L therapy initiation 
(Supplementary Table 2). The mean duration of 1L 
therapy was 34.1 (104.4) days with a median of 5 days. 
Almost all patients (92.9%) initiated a single therapy 
regimen in 1L, and cladribine was most frequently 
utilized (75.5%). Next, most frequent therapies in 1L 

Table 2. Clinical characteristics.

Characteristic Overall (n = 749) 1L (n = 282) 2L (n = 38) No HCL therapy (n = 467)

Physician specialty associated with the index diagnosis:

– Hem/Onc 28.6 30.1 36.8 27.6

– Primary 18.7 14.2 10.5 21.4

– Hospitalist 17.4 19.5 23.7 16.1

– Hematology 6.7 6.0 0.0 7.1

– Unknown 6.7 7.8 2.6 6.0

– Other 22.0 22.3 26.3 21.8

CCI score:

– Mean 0.8 1 1 0.8

– SD 1.1 1.1 1.1 1.2

– Median 0 0 1 0

CCI score distribution (%): 

– 0 57.8 50.4 44.7 62.3

– 1 11.1 11.7 15.8 10.7

– 2 23.6 29.4 34.2 20.1

– 3+ 7.5 8.5 5.3 6.9

Frequent (>10%) relevant comorbidities of interest (%):

– Abdominal pain 11.9 13.5 10.5 10.9

– Adenopathy 3.5 5.7 2.6 2.1

– Anemia 19.4 31.2 18.4 12.2

– Aplastic anemia 21.5 35.8 18.4 12.8

– Diabetes 10.9 11.0 13.2 10.9

– Fatigue 11.5 19.5 15.8 6.6

– Hypertension 24.2 26.2 28.9 22.9

– Mild liver disease 2.3 2.8 0.0 1.9

– AMI 6.9 7.1 7.9 6.9

– Splenomegaly 14.2 20.9 18.4 10.1

All-cause healthcare costs:

– Mean (US$) 5858 6635 4370 5389

– SD (US$) 13,836 7246 4429 16,584

– Median (US$) 2593 4627 2590 1671

1L: First line; 2L: Second line; AMI: Acute myocardial infarction; CCI: Charlson Comorbidity Index; HCL: Hairy cell leukemia; 
Hem/Onc: Hematology/Oncology; Primary: General practitioner/family medicine/internal medicine; SD: Standard deviation.
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Figure 2. Treatment regimens used by line of therapy. 
1L: First line; 2L: Second line; 3L: Third line; LOT: Line of therapy.
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were pentostatin (8.5%) and rituximab (6.0%). See 
Figure 2 for the distribution of 1L, 2L and 3L therapies.

Among patients receiving 1L cladribine (n = 
213), mean duration of therapy was 7.3 (16.2) days 
(Supplementary Table 2). Patients most often had a 
duration of 1 day (43.2%), followed by 5 days (38.5%) 
and then 36 days (4.2%; data not shown). Patients had 
a mean of 3.4 (3.0) days of cladribine administration 
over 1L duration (Supplementary Table 2). The major-
ity (88.7%) of 1L cladribine patients did not receive 
any HCL therapy following end of 1L therapy, while 
6.6% went on to receive rituximab in 2L, and 2.8% 
were retreated with cladribine. See Figure 3 for treat-
ment pathways/sequences in 1L and 2L. Given the 
extended study period, 2L treatments were strati-
fied by year of 1L treatment initiation for 1L cladrib-
ine patients (Supplementary Figure 1). Following the 
end of 1L cladribine therapy, the proportion that did 
not receive any HCL therapy, as well as 2L therapies 
utilized, remained fairly consistent over time.

Among patients receiving 2L therapy (n = 38), 
patients initiated 2L therapy in a mean of 16.0 (16.7) 
months from the date of HCL diagnosis, and in a 
mean of 10.1 (13.5) months from the end of 1L ther-
apy (Supplementary Table 2). The majority (76.3% 
[29/38]) of patients receiving 2L therapy had refrac-
tory disease to 1L while the remaining 23.7% (9/38) 
had relapsed following 1L (data not shown). The 
mean duration of 2L therapy was 53.7 (70.9) days 
(Supplementary Table 2). Almost all patients (94.7%) 
initiated a single therapy regimen in 2L, with ritux-
imab used by the majority (52.6%). Next, most 

frequent were cladribine (21.1%) and pentostatin 
(13.2%). Among patients receiving 2L rituximab (n 
= 20), patients had a mean of 4.9 (2.1) days of ritux-
imab administration over 2L duration, which lasted 
a mean of 69.4 (78.0) days (Supplementary Table 2). 
Among the 11 patients receiving 3L therapy, ritux-
imab (54.5%) was most commonly used, followed by 
methotrexate sodium (18.2%).

HCRU and costs
Over the variable follow-up, 43.3% of patients had 
≥1 hospitalization with a mean of 0.8 (1.4) hospital-
izations per patient. Patients had a mean of 4.5 (7.0) 
outpatient surgical visits, 34.0 (41.1) outpatient physi-
cian office visits and 118.2 (114.5) lab tests and other 
services per patient.

Patients had a mean of 3.1 (6.2) HCL-related drug 
injections. When HCRU over the variable follow-
up was annualized, patients had a mean of 0.8 (6.9) 
hospitalizations, 2.3 (7.3) outpatient surgical visits, 
17.7 (53.4) outpatient physician office visits and 62.4 
(99.2) lab tests and other services per patient. Annu-
alized, patients had a mean of 1.9 (5.7) HCL-related 
injections. See Table 3 for HCRU over the follow-up.

Over the variable follow-up period, mean all-cause 
cost per patient was US$55,904 (US$91,341) with 
median costs of US$29,040. Costs for outpatient care 
comprised 50.1% of total costs, while 39.9% were due 
to in-patient costs. Mean HCL-related cost per patient 
was US$31,234 (US$61,750) with median costs of 
US$10,677, and mean HCL-related costs represented 
55.9% of mean all-cause costs (data not shown). Mean 
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Figure 3. Treatment pathways. 
1L: First line; 2L: Second line.

1L* Cladribine
n = 213 (75.5%)

2L

*Representing >2% of all 1L therapies
** Representing n = 1 per therapy

Pentostatin
n = 24 (8.5%)

Rituximab
n = 17 (6.0%)

Cladribine + rituximab
n = 9 (3.2%)

No treatment
n = 189 (88.7%)

No treatment
n = 19 (79.2%)

No treatment
n = 11 (64.7%)

No treatment
n = 9 (100.0%)

Rituximab
n = 3 (17.7%)

Cladribine
n = 2 (8.3%)

Rituximab
n = 15 (6.6%)

Cladribine
n = 6 (2.8%)

Pentostatin
n = 2 (0.9%)

Other**
n = 2 (0.9%)

Other**
n = 3 (17.6%)

Rituximab
n = 1 (4.2%)

Pentostatin
n = 2 (8.3%)

future science group

Research Article    Divino, Karve, Gaughan et al.

total cost of HCL-related drug injections was US$5530 
(US$17,055) per patient, representing 9.9% of total 
costs (data not shown). When healthcare costs over the 
variable follow-up were annualized, the mean all-cause 
cost per patient was US$50,585 (US$430,041) with 
median costs of US$12,989. It is important to note 
that costly in-patient stays (particularly those result-
ing in mortality) contributed to the high average and 
SD. In-patient care represented the majority (65.5%) of 
total costs, while 29.3% were due to outpatient care. 
The mean annualized HCL-related cost per patient 
was US$38,588 (US$404,600) with median costs of 
US$4784, and mean HCL-related costs represented 
76.3% of mean annualized all-cause costs (data not 
shown). Annualized, mean total cost of HCL-related 
drug injections was US$2624 (US$8024) per patient 
representing 5.2% of total costs (data not shown). See 
Figure 4 for healthcare costs over the follow-up.

Discussion
This observational retrospective study utilized admin-
istrative claims data to identify a large cohort of newly 
diagnosed HCL patients in the USA, to descriptively 
assess patient characteristics and HCRU and costs, 
and to evaluate treatment patterns by LOT from a 
real-world perspective.

Patient characteristics were consistent with obser-
vations from other studies. The majority of patients 
were male (77%) with mean/median age of diagno-
sis 55.6/56.0 years, respectively. A SEER-17 database 
analysis in the USA described 3360 patients diagnosed 
with HCL between 1978 and 2008  [17]. The majority 
(78%) was male and among patients diagnosed from 
2000 to 2008 (closest to the time period of our analy-
sis), mean/median age of diagnosis was 57/56 years, 
respectively. The SEER-18 database was used to describe 
3033 patients diagnosed with HCL between 1978 and 
2011  [16]. Median age at diagnosis was 56 years and 
78% were male. However, the SEER database analyses 
are limited as they cannot capture specific treatment 
modalities.

The majority of 1L patients in our study received 
cladribine (76%) while 9% received pentostatin. NCCN 
guidelines do not recommend one PNA over the other; 
however, in general, cladribine should be avoided in 
patients with an active life-threatening infection or 
chronic infections [4]. It appears treating physicians may 
have a preference for the use of cladribine, corroborating 
observations of other physicians, related to the relative 
ease of use and administration convenience of cladribine 
compared with pentostatin  [2,12]. This perhaps suggests 
the need for revisiting of clinical guidelines or larger 
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Table 3. All-cause healthcare resource utilization over the follow-up.

Resource use per patient Over the available follow-up (n = 749) Annualized (n = 749)

  mean  SD  mean  SD 

Number of outpatient prescription fills 48.9 71.3 20.1 23.5

In-patient visits 

Number of hospitalizations 0.8 1.4 0.8 6.9

Average number of hospital days 5.8 13.2 6.1 50.2

Length of in-patient stay (days) 3.2 6.2    

Number of ER visits 0.9 3.0 0.7 6.8

Outpatient care

Number of outpatient office visits 34.0 41.1 17.7 53.4

 – Number of primary care visits 8.4 11.6 4.4 20.5

 – Number of hematology/oncology visits 4.8 8.0 2.6 6.0

Number of outpatient surgical visits 4.5 7.0 2.3 7.3

Number of lab tests and other services 118.2 114.5 62.4 99.2

 – Number of HCL-related drug injections 3.1 6.2 1.9 5.7

ER: Emergency room; HCL: Hairy cell leukemia; SD: Standard deviation.

studies comparing long-term outcomes between the two 
PNAs, although given the rarity of HCL a randomized 
trial may not be feasible. A study describing 88 young 
HCL patients treated with cladribine at the Scripps 
Clinic (CA, USA) found that single courses of cladrib-
ine induce high rates of complete and durable responses 
in the majority of young HCL patients [19]. The authors 
conclude that cladribine remains an excellent therapeutic 
approach for HCL patients, recommended regardless of 
age. While real-world treatment patterns have not been 
described in the USA among a large sample, a few large 
studies conducted in France, Spain and Italy among 
patients with HCL also suggest cladribine to be used by a 
majority [13–15]. A UK analysis at a single institute (1986–
2010) found contradictory results, and pentostatin was 
used to treat the majority (78%)  [7]. It is important to 
keep in mind with any comparisons the different time 
periods and follow-up periods, with varying recom-
mended treatment modalities, as well as country-specific 
treatment guidelines and/or reimbursement policies 
which may impact prescribing and utilization patterns.

In our analysis, only 38% of patients were identified 
as initiating 1L therapy following diagnosis, in a mean 
of 4.4 months following diagnosis. Only 5% of the over-
all sample was identified as initiating 2L therapy (13% 
of patients who received 1L therapy), in a mean of 16 
months following diagnosis, suggesting 1L therapy was 
effective in providing a lasting response. However, these 
findings are also likely related to the lack of long-term 
follow-up for our sample (on average 32 months of 
follow-up from diagnosis) as other studies have demon-
strated long-lasting duration of response and remission-

free periods. Cornet et al. reported on a retrospective sur-
vey of physicians with data obtained from 487 patients 
with HCL from 36 clinical centers in France [14]. Overall 
median follow-up was 60 months, and only 23 (5%) 
patients were identified as receiving no treatment, among 
whom, median follow-up was 32 months, suggesting the 
importance of adequate follow-up time to capture HCL 
therapy. In particular, physicians may use a ‘watch and 
wait’ approach among asymptomatic HCL patients in 
accordance with commonly accepted treatment guide-
lines [4]. Related to this, we found that among patients 
receiving 1L therapy, a number of clinical characteristics 
measured in the 6 months prior to 1L therapy suggested 
worsening disease and higher cost burden as compared 
with the 6 months prior to HCL diagnosis. Cornet et al. 
found that median relapse-free survival was similar 
between 1L cladribine and 1L pentostatin (median 164 
months and 159 months, respectively)  [14]. In the UK, 
Else et al. found an overall median relapse-free survival 
of 16 years following 1L [8]. In a study in Italy, 44% of 1L 
patients relapsed, and of these patients, median duration 
of response was 2.7 years following 1L therapy [13].

To the author’s knowledge, this is the first study 
to evaluate HCRU and costs among HCL patients 
in the USA. Our findings indicate that HCL patients 
have considerable HCRU and costs. Mean annual-
ized healthcare costs postdiagnosis were US$50,585, 
approximately 9-times higher than the average costs in 
the 6 months prior to diagnosis (US$5858). Median 
annualized healthcare costs were US$12,989, approxi-
mately 5-times higher than the average costs in the 6 
months prior to diagnosis (US$2953). Medical care, 
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Figure 4. Mean all-cause healthcare costs over the follow-up.
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and in-patient care in particular, was an important 
cost driver. Mean annualized HCL-related costs repre-
sented 76.3% of mean annualized all-cause costs.

It is important to note the limitations inherent to 
this study with respect to the data source. Our study 
relied upon administrative claims data, which are 
collected for payment purposes and not for clinical 
research, and which lack clinical detail and are sub-
ject to potential coding errors. Due to the lack of lab 
results or medical records, we were unable to confirm 
certain baseline comorbidities (e.g.,  aplastic anemia), 
or evaluate clinical outcomes or understand reasons for 
discontinuation or switch of HCL therapy (outcomes 
such as treatment response, treatment relapse or treat-
ment refractory, or experience of adverse events). We 
therefore developed our LOT definitions based solely 
on therapy claims supported by a review of the litera-
ture and exploratory data analyses. In addition, while 
these claims data are representative of commercially 
insured beneficiaries, the results of this analysis may 
not be generalizable to patients who are uninsured or 
covered by other payers, such as the elderly population 
which is typically insured by Medicare. However, no 
other studies in the USA have been identified which 
have described treatment utilization patterns among 
a large sample of HCL patients. Additionally, while 
patient mortality is identified in the hospital setting, 

it is not captured in other settings of care. It is another 
limitation that the database does not capture in-patient 
administered drugs or clinical trial entry/use of clinical 
trial drugs.

A few limitations are inherent due to the study 
design. We required continuous health plan enroll-
ment for 180 days preindex and ≥90 days postindex, 
in order to eliminate the impact of insurance coverage 
interruptions, to help ensure a newly diagnosed HCL 
population with no secondary malignancies, and to 
provide adequate follow-up time to investigate treat-
ment patterns. However, patients who died <90 postin-
dex were retained. It is possible that our sample was not 
restricted to only newly diagnosed HCL patients with-
out any other malignancy, as we utilized only a fixed 
180 day preindex period to require patients to be free of 
any HCL or other cancer diagnosis. Given the potential 
for a long-lasting duration of response and remission 
with therapy, it is possible that selected patients had 
diagnosed HCL and were asymptomatic and treatment 
free in the 180 days preindex. Related to this, it is also 
possible that patients were treated for HCL prior to the 
180 days preindex, and any observed 1L treatment in 
our study was actually a later LOT. However, this 180 
day preindex period was chosen to best maximize the 
patient sample. Finally, our small sample sizes in 2L 
and 3L limit interpretation.
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Conclusion
HCL treatment pathways and outcomes in the real-
world setting are not well understood, particularly 
among large sample sizes and in the USA. This study 
provides real-world data on HCL patient character-
istics, treatment patterns and HCRU and costs in 
the USA using a large and nationally representative 
administrative claims database. With a mean follow-
up of 32 months following HCL diagnosis, only 38% 
of patients initiated HCL therapy over the available 
follow-up. Among patients initiating 1L therapy, 76% 
were treated with cladribine, of whom only 11% went 
on to receive 2L therapy. First-line therapy duration 
lasted approximately 1 month, and appeared to provide 
a long-lasting response. Patients also had considerable 
HCRU and costs.
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Summary points

•	 Hairy cell leukemia (HCL) is a rare leukemia; treatment pathways and outcomes in the real-world setting are 
not well understood, particularly among large sample sizes and in the USA.

•	 Real-world treatment patterns and healthcare utilization and costs for 749 adults newly diagnosed with HCL in 
the USA were described using a large, nationally representative database.

•	 Over the mean follow-up of 2.7 years following HCL diagnosis, the majority of patients did not receive any 
HCL therapy.

•	 Only 37.7% of patients (n = 282) initiated first-line (1L) therapy during the available follow-up in a mean 
(standard deviation) of 4.4 (9.8) months following diagnosis; the majority (75.5%) received cladribine with 
mean duration of therapy of 7.3 (16.2) days.

•	 First-line patients had mean follow-up of 29.5 (21.0) months following 1L initiation, over which, the majority 
did not receive subsequent therapy; 1L therapy appeared to provide a long-lasting response.

•	 Thirty-eight patients (5.1%) received second-line treatment, with rituximab (52.6%) most commonly utilized; 
21.1% received cladribine.

•	 Only 11 patients (1.5%) initiated third line.
•	 Over the variable follow-up, mean annualized all-cause costs were US$50,585 (median US$12,989), and in-

patient care was an important cost driver.
•	 Mean annualized HCL-related costs were US$38,588 (median US$4784), representing 76.3% of mean 

annualized all-cause costs.
•	 Larger studies comparing long-term outcomes between HCL therapies are warranted.
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