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Abstract

Background: Laboratory testing and treatments have changed dramatically in chronic
lymphocytic leukemia (CLL) within the last decade. We evaluated changes in patterns of real-
world testing and treatment over time by comparing two population-based cohorts.

Methods: The National Cancer Institute (NCI) sponsored Patterns of Care study was conducted
among CLL patients sampled from 14 Surveillance, Epidemiology, and End Results (SEER)
program registries. Demographics, testing, and treatment data were abstracted from medical
records within 24 months of diagnosis.

Results: 1,008 patients diagnosed in 2008 and 1,367 patients diagnosed in 2014 were included.
There was a significant increase in fluorescence /n situ hybridization (FISH) testing, IgVH
mutation analyses, and lymph node biopsies between 2008 and 2014. FISH testing was performed
in the majority of, but not all, treated patients (53% in 2008, increased to 62% in 2014). Some
differences in receipt of FISH testing by age and insurance status were observed over time (older
patients and Medicare patients without private insurance were less likely to be tested in 2014).
There were contrasting testing patterns by practice type and year, with non-teaching hospitals
more likely to perform bone marrow biopsies in 2008, and teaching hospitals more likely to
perform FISH and gV testing in 2014. There were also differences in treatments over time, with
the use of bendamustine and rituximab (BR) being more common in 2014 at the expense of
fludarabine, cyclosporine, and rituximab (FCR).

Conclusions: There are been rapidly changing practices of testing and treatment patterns for
CLL patients in the last decade.
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Chronic lymphocytic leukemia has advanced in both prognostic testing and therapy over the last
decade. Using the National Cancer Institute SEER Patterns of Care dataset from 2008-2010 and
2014-2016, we demonstrate that both testing and treatment patterns have rapidly evolved in a
short period of time, and observe some differences in testing by age, insurance status, and type of
oncology practice.
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INTRODUCTION

The management of chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/
SLL) has undergone substantial changes in the use of both prognostic laboratory testing and
standard of care therapy within the last decade. Prognostic testing has included
immunoglobulin heavy-chain variable region gene (IgVy) mutation status,! genetic
abnormalities identified by FISH,2 expression of ZAP-703 and CD38,% and chromosomal
karyotyping.>6 Of these, IgVy mutation status and FISH abnormalities have been most
thoroughly studied and incorporated into clinical trials. These tests have evolved from purely
prognostic information into standard testing needed to personalize therapy. As a result, they
have been recommended to be performed in all newly diagnosed CLL patients prior to
therapy.” In contrast, lymph node biopsies are generally reserved for cases of CLL/SLL that
do not present with peripheral blood lymphocytosis adequate for initial diagnosis, while
bone marrow biopsies are no longer done routinely but are reserved for particular clinical
situations (ex. evaluating cause of cytopenias).8

The treatment of CLL has also changed dramatically within a short time span because of the
identification of new agents. Bendamustine was approved for frontline therapy in CLL in
2008.° Since then, trials comparing bendamustine and rituximab (BR) versus FCR in
patients of various ages were performed. A non-inferiority study showed more clinical
benefit for patients < 65 years with FCR, with no difference in clinical benefit between FCR
and BR among older patients.10 The Bruton tyrosine kinase inhibitor ibrutinib was approved
for relapsed CLL and for frontline therapy in patients with del17p in 2014.11 It was recently
approved for frontline therapy in 2016.12

The SEER Patterns of Care study, sponsored by NCI, was conducted in a population of CLL
patients within participating SEER registries. We used this large population-based dataset to
compare testing and treatment patterns among CLL patients diagnosed in 2008 to those
diagnosed in 2014. We reviewed the National Comprehensive Cancer Network (NCCN)
recommendations for testing and treatment for those years,3 and compared differences in
patterns by type of practice (teaching versus non-teaching hospitals).

METHODS

Data were obtained from the SEER Patterns of Care (POC) studies. The SEER program
collects cancer incidence and mortality data from 18 population-based registries that
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represent approximately 30% of the US population.14 These registries primarily rely on
hospital based records for their cancer treatment information, and there are known data gaps
in therapies (such as oral chemotherapy and hormone therapy) that are delivered in an
outpatient setting. The POC studies were implemented to supplement routinely collected
SEER information.1® Each year the SEER program selects certain cancer sites to abstract
additional treatment information from a random sample of cases from 14 SEER registries.
CLL cases diagnosed in 2008 and 2014 have been included in POC studies. CLL cases were
defined by international classification of disease, oncology (ICD-O) histology code 9823.
Additional case inclusion criteria included age 20 or older at diagnosis. Exclusion criteria
included a previous history of cancer, synchronous diagnosis with another primary cancer,
and cases diagnosed at autopsy.

For both years, the POC abstraction form included information on diagnostic procedures
(bone marrow exam and lymph node biopsy), testing (fluorescence in situ hybridization
(FISH), chromosomal karyotype, and IgVy mutation testing), systemic therapies, and
comorbid conditions. For both years, the list of systemic therapies included: alemtuzumab,
bendamustine, chlorambucil, cladribine, cyclophosphamide, fludarabine, flavopiridol,
interferon, lenalidomide, obatoclax, pentostatin, prednisone, rituximab, and vincristine. For
cases diagnosed in 2014, ibrutinib, idelalisib, obinutuzumab, and ofatumumab were added to
the systemic therapies list. Information on the hospital that administered the most definitive
therapy was collected based on the American Hospital Association (AHA) reported
characteristics which included bed size, residency training approval, and classification
(profit versus non-profit). The abstract form was completed by trained SEER abstractors
from patient medical records up to 24 months post-diagnosis. In addition, the treating
physician was mailed a form to verify treatment and report any treatments that may have
been administered in an outpatient setting.

All analyses were completed with SAS version 9.4 (Cary, NC) and were weighted to account
for the sampling design. Patient characteristics evaluated included sex, race/ethnicity, age in
10 year groups, Charlson Comorbidity score, an area-based measure of socioeconomic status
developed by Yost et a/that uses US census block-group data,16 and insurance status at the
time of diagnosis. These characteristics were summarized by observed counts and weighted
percentages. Percentages are weighted to accurately reflect the entire SEER population
rather than absolute percentages of nhumbers observed among the sampled study cohort,
which require adjusting since minority groups are overrepresented in the abstraction. The
study abstractors recorded if each test was “performed”, “not performed”, or “unknown if
performed”. For both “not performed” and “unknown if performed”, test results were not
documented or available in the medical chart, and therefore these groups were combined in
this analysis. Receipt of cytogenetics testing was summarized by observed count and
weighted percentages and compared by diagnosis year using the Rao-Scott chi-square test.
Weighted logistic regression was used to estimate the odd ratios (OR) and 95 percent
confidence intervals (95% CI) for receipt of cytogenetic testing. Predictors evaluated
included race/ethnicity, and variables that were significantly different in univariate analysis
(sex, age at diagnosis, insurance, and receipt of systemic treatment). Odds ratios were
estimated for all patients and stratified by age at diagnosis (<65 versus = 65) to assess
differences between Medicare recipients with and without private insurance. The most
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common systemic treatment regimens by diagnosis year were summarized using observed
count and weighted frequencies among those who received systemic therapy. This was
further stratified by age at diagnosis (< 70 versus = 70), Charlson comorbidity score (0
versus = 1), and if the treating hospital had a residency program. Testing and treatment
patterns were summarized by whether the treating hospital had a residency program (defined
as a teaching hospital, those without residency programs defined as non-teaching hospitals)
and diagnosis year, and compared using the Rao-Scott chi-square test.

Baseline Characteristics

This study included 1,008 CLL patients diagnosed in 2008 and 1,367 CLL patients
diagnosed in 2014. Demographics are depicted in Table 1; age, gender, race, socioeconomic
status (SES), Charlson comorbidity index, and insurance status did not differ between the
two cohorts. Racial distributions reflect the SEER 14 population and historical trends, with
non-Hispanic whites representing the majority of patients.1’

Trends in CLL Testing

Testing patterns are shown in Table 2. CLL FISH was performed within 2 years of diagnosis
for 44% of all diagnosed patients in 2008, which increased significantly to 51% of all
patients in 2014 (p = 0.003). The distribution of FISH abnormalities were not different by
age (Supplemental Table 1). Among patients who were treated within 2 years of diagnosis,
FISH testing occurred in the majority but not all patients (53.4% of treated patients in 2008,
which increased to 61.6% of treated patients in 2014). IgVy mutation analysis was done
infrequently during both time periods, but also increased significantly from 6% in 2008, to
11% in 2014 (p<0.001).

Bone marrow biopsies decreased in frequency from 46% of all patients in 2008, to 39% of
patients in 2014 (p=0.002). Lymph node biopsies however, were rarely performed in 2008
(5%) and this increased substantially in 2014 (27%, p<0.001). Chromosomal karyotyping,
which is often performed with bone marrow biopsies but which can be done with peripheral
blood, showed no difference in frequency of testing in 2008 compared to 2014 (35% in both
years).

In a separate analysis, we analyzed factors that determined receipt of CLL FISH among age,
gender, race, comorbidity, socioeconomic status, and insurance status (Table 3). Younger age
was a predictor for receiving FISH testing in both time periods, but only significant in
adjusted models for 2014 (aOR=1.30, 95% CI 0.90 to 1.89 in 2008 and aOR=2.32, 95% ClI
1.58 to 3.41 in 2014). In 2008, there was no difference in receipt of testing by insurance
status. However in 2014, among patients who are 65 years and older, those with Medicare
and no private insurance were significantly less likely to receive testing (aOR=0.54, 95% CI
0.36 to 0.82) compared to those with Medicare and private insurance.
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Trends in Use of CLL Frontline Treatments

The majority of CLL patients remained untreated within the first 2 years of diagnosis (74%
untreated in 2008, and 71% untreated in 2014). Of those patients who were treated within 2
years of diagnosis, we analyzed which frontline treatments were used in each time period
(Table 4). Among patients in 2008, FCR was the most used therapy, followed by rituximab
monotherapy, FR, and chlorambucil-based therapy. In 2014, BR was the most popular
therapy, followed by rituximab monotherapy, FCR, and ibrutinib. In both time periods,
chemoimmunotherapy was preferred over rituximab monotherapy in younger patients,
however BR was preferred over FCR in 2014. In both time periods, FCR was not commonly
used for older patients, or patients with 1 or more comorbid condition.

There was a limited number of patients to evaluate treatment patterns based on identified
FISH abnormalities and IgVy mutation status. The number of patients separated by FISH
abnormalities, IgVy mutation status, and untreated or treated within 2 years from diagnosis
is shown in Supplemental Table 2. Patients with higher risk CLL such as del17p, del11q, and
unmutated 1gVy status were more frequently treated in both time periods, with an increase
in treatments among patients with del17p in 2014. This is presumably related to the known
higher probability of earlier onset of progressive disease in such patients. The majority of
dell7p patients were treated with FCR in 2008, and with ibrutinib in 2014 (data not shown).
Of the patients who received IgVy mutation status testing prior to treatment, a majority of
these patients were 1gV unmutated, with most receiving FCR in 2008, and BR in 2014
(data not shown).

Differences in Testing and Treatment Patterns by Practice Type

Differences in testing and treatment patterns between teaching and non-teaching hospitals
are shown in Table 5. CLL FISH testing was more common in teaching hospitals compared
to non-teaching hospitals in 2014, although the frequency of FISH testing significantly
increased for all hospitals from 2008 to 2014. IgVVy mutation analyses were done
infrequently in both teaching and non-teaching hospitals in 2008; however in 2014 teaching
hospitals were more likely to perform IgVy mutation analyses compared to non-teaching
(12.1% teaching hospital versus 8.7% non-teaching, p=0.051). Bone marrow biopsies were
done more often in non-teaching hospitals in 2008 (50.3% versus 41.2%, p=0.014), with a
similar decrease in biopsies by hospital type by 2014 (25.2% and 28.3%). However, among
top first line treatments received for all patients, there was no significant difference between
teaching and non-teaching hospitals. Although limited in number, we also evaluated the
distribution of novel therapies introduced by 2014 (ibrutinib, idelalisib, and obinutuzumab)
and there was no difference in use between teaching and non-teaching hospitals.

DISCUSSION

Both testing and treatment for CLL have evolved over the past decade. The SEER POC
dataset allows for a thorough analysis of trends in a population-based sample, which
represents the larger US population compared to clinical trial or single insurance claim
datasets. It differs from the Connect CLL Registry18, which is a multisite community based
registry consisting only of treated CLL patients, as we are able to describe testing and
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treatment patterns within 2 years of diagnosis for all CLL patients, including the majority of
patients who are initially observed.

We reviewed the NCCN guidelines for the treatment of CLL from 2008-2010 and 2014
through the present.1® CLL FISH testing is listed as “informative for prognostic
determination” since 2009. However, since 2008, FISH testing is incorporated into treatment
algorithms for progressive and symptomatic CLL, and treatment recommendations are
separated by those with or without deletion 17p. Treatment recommendations are also
further separated by age (< or =70 years) since 2008, and further separated by “frail,
significant comorbidity” (not able to tolerate purine analogs) since 2009. With these distinct
treatment algorithms put in place, it is not surprising that FISH is the most common test
performed compared to the other available prognostic testing.

FISH testing increased from 53% of treated patients in 2008 to 62% of treated patients in
2014. These frequencies are similar to those reported in the Connect CLL Registry and
suggest that further improvements can be made.1® The reasons for lack of testing remain
unclear, although we identified disparities in the likelihood of testing by insurance type and
age, with older patients and those without private insurance less likely to have testing
performed over time. This is unfortunate since missing deletion 17p patients could worsen
clinical outcome by using less efficacious therapies, and treating older patients with deletion
17p is now possible given less toxic options such as ibrutinib. We also observed that FISH
testing was more common in teaching hospitals compared to non-teaching hospitals and
therefore differences in practice may be contributing. Because of the striking improvement
in clinical outcomes among patients with del17p using ibrutinib and venetoclax, we expect
that CLL FISH testing will continue to increase in the future.20: 21

In contrast, gV mutation analyses has remained prognostic and not incorporated into
guideline treatment algorithms since 2009. Now that FCR has also demonstrated a greater
than 10-year progression free survival in a sizeable fraction of patients with mutated IgV
status,22: 23 there may be an increase in the use of this test in the future. Newer prognostic
models such as the CLL International Prognostic Index24 also incorporate IgVy mutation
analyses, as well as 7P53 mutation testing, which have become more readily available
recently.

Since 2009, guidelines state that flow cytometry of the blood is adequate for diagnosis,
while bone marrow biopsies are useful “under certain circumstances” since 2008. We
observed that bone marrow biopsies were more commonly practiced in non-teaching
hospitals compared to teaching hospitals in 2008, but have decreased in both hospital
settings in 2014. However, the significant difference between the hospital settings might
again reflect inconsistencies between practice types. In contrast, lymph node biopsies were
rarely performed in 2008 and increased significantly in both hospital settings in 2014. It is
unclear why the use of lymph node biopsies has increased. There were more patients with
deletion 11q in the 2014 cohort (Supplemental Table 2), and these patients often present
with bulky lymphadenopathy. It is also possible that there were more cases of small
lymphocytic lymphoma in the latter cohort, and coding does not separate CLL from SLL.
Additionally, it is conceivable that more biopsies were performed to rule out Richter’s
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transformation. PET scanning was recognized as a helpful tool to identify areas to biopsy
that were concerning for transformation in 2014.25

The overall differences in testing patterns between practice types have become more
important given the current focus on low-value versus high-value testing. FISH testing
would be considered a high-value test since it helps determine appropriate therapy based on
a patient’s unique characteristics. Under insurance plans that follow value-based insurance
design,26: 27 patient out-of-pocket cost for high-value testing such as CLL FISH should be
waived (no cost). The American Society of Hematology Choosing Wisely Campaign
provides recommendations to avoid low-value testing, and recommended avoiding baseline
and serial CT scans for asymptomatic early stage CLL in 2014.28 Routine bone marrow
biopsies would be considered to be low-value, since they infrequently change management,
and are invasive for patients. Well designed value-based clinical pathways might improve the
proper use of selected pre-treatment evaluations with predictive usefulness in both teaching
and non-teaching hospital settings, and may distribute standard-of-care guidelines more
consistently across practice types.29

The differences in treatment regimens used during both time periods are consistent with the
NCCN guideline algorithms for age and performance status/comorbidities. It is notable that
FCR was not commonly used for patients > 70 years or patients with 1 or more
comorbidities during both time periods. BR was more frequently used at the expense of FCR
in 2014 among all patients. These trends of the top four frontline treatments received do not
necessarily reflect the preferred treatments as listed in the NCCN guidelines by efficacy, but
more accurately reflect preferences determined by a combination of age, comorbidities, and
toxicity profiles. With the introduction of potent oral therapies such as ibrutinib and
venetoclax, the options for patients who are frail and cannot tolerate chemotherapy as well
as for patients with high-risk disease have expanded. With these exciting new developments,
we expect to see more changes in treatment patterns in the future.

There are several limitations to our study. Only a subset of CLL patients were treated within
2 years of diagnosis which limits the number of patients to analyze treatment patterns. The
time of follow up since diagnosis for each cohort was only 2 years, which limits our analysis
for time to first treatment and treatment regimens used for more indolent CLL patients.
There was only a small subset of non-White patients in our dataset limiting conclusions
about any possible effects of racial disparities. Surprisingly, only a minority of patients had 2
or more comorbidities by Charlson Comorbidity Index in our mostly elderly population of
CLL patients. We also lack definitive staging (Rai or Binet) with this data set. We are also
unable to parse among different indications for rituximab monotherapy, since rituximab may
be used as treatment for autoimmune cytopenias rather than systemic CLL therapy. We
combined our “not performed” and “unknown” testing groups together, which potentially
underestimates the frequency of testing. Despite this, we had similar frequencies of FISH
testing as observed in other studies. We are not able to strictly delineate academic centers
versus community practices with our dataset and recognize that both academic and
community practices have residency programs, but we are still able to observe differences
between teaching and non-teaching hospital settings.
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Testing and treatment patterns are changing dramatically in the modern era. Testing
incorporated into treatment decisions, particularly CLL FISH and 1gVy mutation status, are
increasing in frequency from 2008 to 2014. Despite the increase in testing, there remains a
significant number of patients who do not undergo FISH and/or IgVH mutation status
testing prior to therapy. Some disparities in testing were observed by age and insurance
status. FCR was not used commonly among patients who are elderly or have comorbidities.
BR is more frequently used compared to FCR in more recent years. There are differences in
testing practices when comparing teaching and non-teaching hospitals, with FISH and IgVH
testing performed more frequently in teaching hospitals, and bone marrow biopsies more
common in non-teaching hospitals. However, overall trends in CLL therapies used remain
similar in teaching and non-teaching hospitals. Given rapid therapeutic developments in
CLL, we anticipate dynamic changes in future CLL treatment patterns, and possibly
emerging free from standard chemotherapy. Fully evaluating use of these therapies by
practice type, and access of these therapies among different patient populations, will be a
vital focus of future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patient characteristics for chronic lymphocytic leukemia (CLL) cases diagnosed in 2008 and 2014 included in
the Patterns of Care (POC) studies

2008 2014

N (%) N (%)
Total 1,008 1,367
Sex
Male 535 (59.7) 708 (52.1)
Female 473(40.3) 659 (47.9)
Study Race
NHW 802 (85.9) 985 (83.7)
NHB 92 (5.7) 174 (7.1)
Hispanic 79 (5.9) 136 (6.1)
Asian 35 (2.5) 72(3.2)
Age at Diagnosis
40-59 214 (22.0) 369 (24.2)
60-69 273(27.4) 406 (31.9)
70-79 277 (27.2) 340 (25.1)
80+ 244 (23.4) 252 (18.7)
weighted mean (SE) 69.6 (0.42) 68.0 (0.05)
Charlson Comorbidity Score
0 697 (69.5) 935 (70.0)
1 232(22.8) 340 (23.5)
2 63 (6.2) 69 (5.1)
3 or more 16 (1.5) 23 (1.3)
Yost quintile *
Group 1 (lowest SES) 125 (11.6) 189 (12.0)
Group 2 174 (17.2) 248 (18.2)
Group 3 191 (19.6) 268 (22.3)
Group 4 236 (24.9) 288 (22.3)
Group 5 (highest SES) 265 (26.8) 343 (25.2)
Missing 17 31
Insurance
Medicare and Private 357 (35.7) 382(28.3)
Medicare only 154 (14.4) 292 (22.5)
Private only 331(35.9) 512(38.1)
Medicaid or None 119 (10.0) 154 (9.1)
Other or Unknown 47 (4.0) 27 (2.1)

Percentages are weighted by sampling fraction to reflect the SEER 14 population from which the data were obtained
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Ak
The Yost quintile is an area-based measure of socioeconomic status (SES) derived from a principal components analysis of US census block-
level data that includes education, household income, 200% poverty level, house value, rent, percent employed, and percent with blue-collar

employment.17
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Receipt of testing and test outcomes for CLL cases diagnosed in 2008 and 2014

Table 2.

2008 2014

N (%) N (%) p value
Total 1,008 1,367
FISH performed 0.003
Performed 434 (43.8) 741 (50.7)
Not Performed / Unknown 574 (56.2) 626 (49.3)
Karyotype performed 0.841
Performed 337 (34.8) 499 (35.2)
Not Performed / Unknown 671(65.2) 868 (64.8)
Deletions/Trisomy™ ™ <.001
17p deletion 49 (11.6) 50 (6.7)
11q deletion 16 (4.5) 72 (10.5)
12 trisomy 38(11.4) 157 (23.0)
13q deletion 83(27.7) 191 (27.0)
No known deletions/trisomy 158 (44.8) 211 (32.8)
Unknown 664 686
Mutated variable immunoglobulin heavy chain <.001
Performed 63 (6.1) 168 (10.5)
Not Performed / Unknown 945 (93.9) 1,199 (89.5)
Bone Marrow Biopsies 0.002
Performed 465 (46.1) 536 (39.0)
Not Performed / Unknown 543 (53.9) 831(61.0)
Lymph Node Biopsies <.001
Performed 52 (4.9) 385 (26.9)
Not Performed / Unknown 956 (95.1) 982 (73.1)

*
Percentages are weighted by sampling fraction to reflect the SEER 14 population from which the data was obtained.

*ok

Deletions/trisomy coded hierarchically (in the order listed); i.e. some of the patients with 17p deletions also had other abnormalities. The
weighted percentage is among those with FISH testing performed.

Abbreviations: FISH, fluorescent in situ hybridization; CLL, chronic lymphocytic leukemia
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Frontline CLL treatment regimens ranked by prevalence and stratified by diagnosis year

Table 4:

2008 2014

Regimen N (%) Regimen N (%)
All Cases
Most common FCR 67 (25.8) BR 133 (35.5)
2nd most common R monotherapy 35(14.7) R monotherapy 58 (14.8)
3rd most common FR 30(10.2) FCR 52 (11.9)
4th most common Chlorambucil +/-= 26 (9.5)  Ibrutinib 34 (8.4)
Age < 70 at diagnosis
Most common FCR 53(40.7) BR 89 (42.5)
2nd most common FR 20 (13.2) FCR 51 (19.9)
3rd most common R monotherapy 11(7.7)  Ilbrutinib 23 (10.5)
4th most common CVP +/-R <11 R monotherapy 26 (9.8)
Age = 70 at diagnosis
Most common R monotherapy 24(219) BR 44 (25.4)
2nd most common Chlorambucil +/- 17 (12.8) R monotherapy 32 (22.2)
3rd most common Other 13 (11.2) Other 11 (12.6)
4th most common R + anything else <11 Obinutuzumab 16 (11.4)
Charlson Comorbidity Score=0
Most common FCR 56 (31.8) BR 96 (39.1)
2nd most common FR 25(12.7) FCR 41 (13.7)
3rd most common R monotherapy 20 (11.6) R monotherapy 39 (13.0)
4th most common Chlorambucil +/- 16 (7.8)  lbrutinib 24 (8.9)
Charlson Comorbidity Score 1 or more
Most common R monotherapy 15(21.5) BR 37 (28.0)
2nd most common Chlorambucil +/- <11 R monotherapy 18 (18.7)
3rd most common FCR <11 Obinutuzumab 13 (12.8)
4th most common CVP+/-R <11 Ibrutinib <11

Page 15

Abbreviations: CLL, chronic lymphocytic leukemia; FCR, fludarabine, cyclophosphamide, and rituximab; BR, bendamustine and rituximab; R,

rituximab; FR, fludarabine and rituximab; CVP, cyclophosphamide, vincristine, and prednisone.

*
Percentages are weighted by sampling fraction to reflect the SEER 14 population from which the data was obtained

To protect patient confidentiality only the 4 most common regimens are presented and any cell sizes <11 have been suppressed.
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