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ABSTRACT

BACKGROUND: Negligible real-world evidence exists for later line treatment
of multiple myeloma (MM) to assist treatment decisions or reimbursement
models, such as episode-based payments.

OBJECTIVE: To describe the treatment patterns and clinical/economic out-
comes when pomalidomide or carfilzomib is used for relapsed/refractory MM.

METHODS: A U.S. claims database was used to identify MM patients with
an initial pomalidomide or carfilzomib claim (index date) between February 1,
2013, and February 28, 2015, which was assumed to be relapse therapy.
Treatment regimens were defined as all MM chemotherapy observed

within 60 days of index. Patients receiving pomalidomide and carfilzomib
within 60 days of index were excluded. Time to next treatment (TTNT), a
progression proxy, was defined as the addition of a new agent >60 days
from index or as treatment restart following a >90-day therapy gap. Cost
estimations used plan-allowed amounts. Descriptive statistics were used to
compare outcomes between treatment groups, and regression models were
used to adjust for baseline patient characteristics.

RESULTS: There were 454 patients initiating treatment with pomalido-
mide (n=264) or carfilzomib (n=190) during the index period. The most
frequent initial regimens for pomalidomide patients included pomalido-
mide + dexamethasone (47.0%) and pomalidomide alone (33.0%); the
most frequent regimens for carfilzomib patients were carfilzomib alone
(45.3%) and carfilzomib + dexamethasone (14.7%). The most frequent
next line treatment for pomalidomide patients who progressed was the
addition of (14.0%) or switch to (15.0%) carfilzomib + dexamethasone

and for carfilzomib patients, the most frequent next line treatment was
pomalidomide + dexamethasone (9.3%) and carfilzomib alone or carfilzo-
mib + dexamethasone + cyclophosphamide (6.7% each). The median (95%
CI) TTNT for pomalidomide patients was 11.9 (10.7-14.8) compared with
9.4 (7.7-10.0) months for carfilzomib (P=0.060). For patients followed to
progression (pomalidomide: n=100, 37.9%; carfilzomib: n=75, 39.5%),
mean TTNT was longer for patients initiating therapy with pomalidomide
(6.9 months) versus carfilzomib (5.3 months, P=0.016). When adjusted
for baseline confounders, pomalidomide patients had a nonsignificant
longer time to a subsequent treatment line. Inpatient encounters observed
during the index line were very low (mean=1) for both groups; outpatient
encounters were fewer in pomalidomide patients. Adjusted analyses
revealed inpatient encounters were higher (P=0.005), while outpatient
use was lower in pomalidomide patients (P=0.006). Unadjusted median
costs incurred during the initial line were similar between the 2 groups
(pomalidomide: $102,805; carfilzomib: $127,203; P=0.110) but significantly
lower in pomalidomide patients after adjusting for baseline characteristics
(P=0.013). Unadjusted per patient per month (PPPM) costs incurred over
the entire follow-up period were lower in pomalidomide-initiated patients
($18,298 vs. $24,734, P=0.001) but not statistically significant in adjusted
analyses (P=0.230).
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CONCLUSIONS: A longer time to a subsequent line of therapy was observed
in pomalidomide patients compared with carfilzomib patients, although the
difference lost significance in adjusted analyses. Compared with carfilzomib,
pomalidomide patients were observed to have lower unadjusted median
PPPM costs over the entire post-index period and lower adjusted mean
monthly costs during initial therapy.
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What is already known about this subject

Recently approved therapies for relapsed/refractory multiple
myeloma provide patients and providers with advanced options
for care.

Real-world evaluations of treatment patterns and outcomes,
including cost comparing newer treatment options such as
pomalidomide or carfilzomib, are sparse.

New payment models for cancer care are evolving, with payers,
providers, and other stakeholders looking for ways to address the
high and increasing costs of cancer care.

What this study adds

The treatment patterns with pomalidomide or carfilzomib in later
line therapy for multiple myeloma are described, including com-
mon regimens and time to next treatment progression.

Health care resource utilization and cost were found to be different
between these therapies.

As the health care system moves away from fee-for-service models,
this type of real-world data may help inform episode-based
cancer treatment decisions.

ultiple myeloma (MM) is a hematologic cancer formed
‘ \ / ‘ by malignant plasma cells and is relatively uncom-

mon, with a lifetime risk of 1 in 143 (0.7%) in the
United States.! It is estimated that in 2016 about 30,330 new
patients (17,900 men and 12,430 women) were diagnosed with
MM, and 12,650 patients (6,430 men and 6,220 women) died
from MM in the United States.! The 5-year survival rate for
patients with MM is 47% and is dependent on individual patient
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characteristics.? Survival rates are higher in younger popula-
tions,"? and the earlier the disease is detected, the better chance
a person has of surviving 5 years after being diagnosed."?

The management of MM has changed over time. There
has been a series of treatments that have had a positive effect
on the survival time and quality of life of patients.* Despite
these advances, the disease remains incurable. Extending
time to progression is often the main objective of treatment.*
Combinations of immunomodulating (IMiDs) regimens, such as
lenalidomide, and proteasome inhibitors, such as bortezomib,
are becoming widely used as first- and second-line therapy, along
with corticosteroids (e.g., dexamethasone and prednisone).*?

In the last several years, new agents have been added to
the list of treatment options for relapsed/refractory multiple
myeloma (rMM). Many of the recently approved regimens
are a combination of 2 novel agents with corticosteroids (trip-
let therapy). At the time of this analysis, there were 2 new
therapies approved for use alone or in combination with dexa-
methasone: pomalidomide + dexamethasone and carfilzomib
monotherapy.

Pomalidomide, an IMiD agent approved in 2013 for rrMM
in patients with previous use of bortezomib and lenalidomide,
has shown efficacy in pretreated myeloma patients, the major-
ity of whom were refractory to lenalidomide and bortezo-
mib.® The MM-003 phase 3 trial of pomalidomide +low-dose
dexamethasone (LoDEX) versus high-dose dexamethasone
in rTMM demonstrated a 31% response rate,” with a median
progression-free survival (PFS) of 4.0 months and a median
overall survival of 12.7 months in pomalidomide + LoDEX
patients. Of the treatment regimens recently approved for
rtMM, pomalidomide + LoDEX is the only one with demon-
strated improved survival versus the comparator arm (12.7 vs.
8.1 months; hazard ratio [HR] =0.74; 95% confidence interval
[CI]=0.56-0.97, P=0.03).” At baseline, the majority of the sam-
ple >90% in each group) had received more than 2 previous
treatments, with a median of 5 previous treatments per group.
Pomalidomide is orally administered and is well tolerated, with
side effects including anemia, neutropenia, thrombocytopenia,
upper respiratory tract infection, fatigue and weakness, con-
stipation, shortness of breath, diarrhea, fever, back pain, and
nausea.® Pomalidomide can be used in patients with mild-to-
moderate renal impairment (i.e., serum creatinine <3 mg/dL),
and neuropathy is rarely seen, although worsening of preexist-
ing neuropathy has been reported.’

Carfilzomib is a selective proteasome inhibitor that was first
approved for myeloma patients who did not respond to first-
line thalidomide or lenalidomide therapy.!®!! An open-label,
single-arm phase 2 study of patients received single-agent
carfilzomib (20 mg/m?) to determine overall response rate
after 6 cycles in bortezomib-naive adult rTMM patients having
received at least 2 previous therapies, including lenalidomide,
thalidomide, or stem cell transplant. The overall response rate
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was 47.6%, with a time to progression of 8.3 months and a
duration of response of 13.1 months.'> Another phase 3 study,
FOCUS, randomized 315 heavily pretreated rrfMM patients
to single-agent carfilzomib or to best supportive care with a
steroid and oral cyclophosphamide. The trial did not meet the
primary endpoint, and no significant differences in overall
survival were found between the 2 treatment arms.’

A large phase 3 trial, ASPIRE, randomized 792 patients and
demonstrated that the addition of carfilzomib to lenalidomide
and dexamethasone resulted in significantly improved PES in
rTMM patients.”* Carfilzomib was well tolerated, with adverse
events including myelosuppression, fatigue, diarrhea, and
suspected cardiac effects. Neuropathy was uncommon, and
carfilzomib can be used in all degrees of renal insufficiency.®?

While new treatment options in cancer care hold the prom-
ise of dramatic improvements in PFS and overall survival, the
issue of high cost has not gone unnoticed by policymakers."
Health care systems are evaluating alternatives to the fee-for-
service model based on volume of care for new models such
as episode-based or bundled payment systems. These policy-
makers will need real-world evidence to develop strategies and
balance choices that link payment to quality care that benefits
patients while making care more affordable.”” While payment
methods were not tested in this study, the results focus on sev-
eral elements of effectiveness and cost of care.

Because regimens with a single novel agent including
pomalidomide or carfilzomib were newly approved for rrMM at
the time of this analysis, we sought to describe their real-world
treatment patterns and associated clinical and cost outcomes.

Methods
Data Source
This study was a retrospective cohort analysis using the
PharMetrics Plus claims database, which contains adjudicated
medical and pharmacy claims for more than 150 million health
plan members across the United States from 2006 through
March 2015, at the time of this study, and is representative
of the U.S. commercially insured population. International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes were used to record data regarding inpa-
tient and outpatient diagnoses. Other data elements recorded
included inpatient and outpatient procedures and retail and
mail-order prescription drug records. Costs as health plan-
allowed amount were available for all services rendered, as
were dates of service for all claims.

Patient Selection

Patients aged > 18 years on index with a claim for pomalidomide
or carfilzomib between February 1, 2013, and February 28, 2015,
were identified in the database, with the first observed
claim serving as the index date. Patients were required
to have at least 2 claims with a diagnosis of MM
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(ICD-9-CM codes 203 and 203.0x), at least 30 days apart,
within the period of 6 months pre-index to 1 month post-
index. Continuous enrollment was required > 6 months before
and >3 months after the index date. Patients with 2 or
more diagnoses for other lymphomas and/or leukemias >30
days apart during the study period (.e., January 1, 2008,
to March 31, 2015) were excluded. Patients who received a regi-
men that included pomalidomide and carfilzomib within 60
days of index were excluded, as were patients with pomalido-
mide or carfilzomib claims pre-index or patients who had key
missing data elements (e.g., age).

Line of Therapy Definitions

Index line of therapy (LOT) was composed of all MM treat-
ments of interest (Appendix, available in online article)
observed within 60 days of index and continued until the
earliest of the following events was observed: (a) the addition
of or switch to a new MM treatment >60 days post-index or
(b) a gap in therapy of >90 days followed by a restart of any MM
treatment, including the index therapy. Patients were stratified
to an index regimen of either pomalidomide or carfilzomib.

Patient Characteristics

Demographic and clinical characteristics were assessed during
the 6-month pre-index period. ICD-9-CM codes were used to
identify general comorbid conditions of interest that included
cardiac arrhythmia, cardiac valvular disease, chronic pain/
fibromyalgia, diabetes, dyslipidemia, hypertension, myocar-
dial infarction/coronary artery disease, osteoarthritis, renal
failure/dialysis, and current or previous smoking. Charlson
Comorbidity Index (CCI) scores were calculated excluding MM
diagnoses. Medical events related to MM or its treatment were
assessed during the 6-month pre-index period and included
skeletal-related events (pathologic fracture and spinal cord com-
pression), acute or chronic kidney disease, hypercalcemia, pneu-
monia, neutropenia, anemia, thrombocytopenia, lymphopenia
and/or leukopenia, and peripheral neuropathy. Medical events
of interest observed on inpatient claims were reported separately.

Time to Next Treatment

Time to next treatment (TTNT) was measured as the time from
the start of the index therapy to the start date of a subsequent
line of therapy. Kaplan-Meir curves and Cox proportional haz-
ards models were used to evaluate the difference in time from
the start of the initial therapy to the start of a subsequent line of
therapy between the 2 cohorts. Model covariates included age
group, gender, number of novel agents in the index regimen,
region, pre-index autologous stem cell transplant (ASCT), and
key pre-index comorbidities and concomitant medications (i.e.,
hypertension, smoking or history of smoking, acute or chronic
kidney disease, hematologic comorbidities, and use of antico-
agulant medications).
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Health Care Resource Utilization

Health care resource utilization was reported during the ini-
tial line therapy, including any treatment-free interval before
subsequent lines of therapy (i.e., the period from the start of
the initial line until the start of the next line of therapy), and
separately for the entire follow-up period (irrespective of LOT).
Resource utilization was reported up to the time of progres-
sion (separate from utilization that occurred during the entire
follow-up period), end of continuous health plan enrollment,
or the end of the study period, whichever occurred first.
Descriptive statistics of resource counts with comparisons
between treatment cohorts were reported. Resource count
included the following mutually exclusive categories: phar-
macy (all pharmacy drugs used by the patient, with MM thera-
pies reported as a separate subcategory); inpatient services; and
outpatient services (with emergency room, physician office,
and other [i.e.,, ancillary, lab, radiology, and surgery] encoun-
ters reported as separate categories).

Health Care Costs

Health care costs were reported during the initial line of ther-
apy, including any treatment-free interval before subsequent
lines of therapy and separately for the entire follow-up period
(irrespective of treatment progression). Health plan-allowed
amounts were reported in total, as well as for the following sub-
categories: pharmacy (with MM therapies including injectable
drugs reported as a separate subcategory); inpatient services;
and outpatient services (including emergency room encoun-
ters). Per patient per month (PPPM) costs were determined by
dividing each patient’s total costs accrued during the follow-up
period by the number of months (30 days) that the patient had
continuous enrollment and calculating the group average for all
of the individual patient averages. Because of the skewness of
the data, medians (including median PPPM metrics) were used
to report unadjusted costs, while means were used to report
cost data in adjusted analyses. All costs were adjusted to 2014
U.S. dollars using the Medical Care Consumer Price Index for
All Urban Consumers."

Statistical Analysis

Analyses and comparisons were conducted between patients
initiating therapy with pomalidomide-based regimens and
those initiating with carfilzomib-based regimens. Means,
medians, and standard deviations (SDs) were calculated for
continuous variables. Categorical variables were summarized
as cross tabulations in count (frequency) and percentages. To
illustrate how treatment groups differed from each other on
measures of interest, univariate analyses were conducted using
t-tests or Wilcoxon Rank-Sum tests as appropriate for continu-
ous measures. Categorical variables were analysed using chi-
square or Fisher’s exact tests.
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Study Sample Attrition

C

Patients with MM diagnoses any time during study period (January 1, 2008-March 31, 2015)
N=54,139

v

Adult patients with =1 claim for pomalidomide or carfilzomib between February 1, 2013, and February 28, 2015
n=1,091

Y

Patients with =2 claims for a diagnosis of MM at least 30 days apart,
between 6 months before and 1 month after index date
n=1,033

v

Patients remaining after exclusion for =2 claims for lymphomas/leukemias >30 days apart after the first claim
for MM treatment within study period
n=853

Y

Patients with valid age, gender, and other data
n=826

!

Patients with continuous enroliment for >6 months before and >1 month after index date
n=619

!

Patients remaining after exclusion for regimens that included pomalidomide and carfilzomib
n=560

v

Patients remaining after exclusion for pomalidomide or carfilzomib treatment in the 6-month pre-index period
n=540

!

YN LN LN DN DD

Patients with > 3 months of follow-up time (< 3 months for patients who died)
n=454

WA WA WA WA WA GE GVE WA W,

Pomalidomide
n=264

C Progressed to a subsequent line of therapy
n=100

!

Carfilzomib
n=190

C Progressed to a subsequent line of therapy
n=75

)
)

MM =multiple myeloma.

Multivariate generalized linear models (GLM) with a log
link function and a negative binomial distribution were used
to assess resource utilization where the index line regimen
type was tested as the main effect with resource use dur-
ing the index line as the dependent variable. Models were
conducted separately for inpatient and outpatient encounters
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and adjusted for age group (<70 years vs. =70 years); gender;
number of novel agents in the index regimen (1 vs. 2, all oth-
ers vs. 2); region (Midwest vs. Northeast, South vs. Northeast,
West vs. Northeast); pre-index ASCT status; and key pre-index
comorbidities and concomitant medications (i.e., hyperten-
sion, smoking or history of smoking, acute or chronic kidney
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Demographic and Clinical Characteristics of Sample

All Patients Pomalidomide Patients | Carfilzomib Patients
Characteristic (N=454) (n=264) (m=190) P Value
Age, years, mean [SD] 61.6 [9.3] 61.7 [9.2] 614 [9.6] 0.671
Gender, n (%)
Female 181 (39.9) 110  “41.7) 71 (374 0.356
Male 273 (60.1) 154 (58.3) 119 (62.6)
Geographic region, n (%)
Northeast 113 (24.9) 81 (30.7) 32 (16.8) 0.007
Midwest 149 (32.8) 76 (28.8) 73 (384
South 160 (35.2) 89 3.7) 71 (374
West 32 (7.0) 18 (6.8) 14 74
Payer type, n (%)
Commercial 317  (69.8) 188 (71.2) 129 (67.9) 0.210
Medicare risk 10 2.2 7 Q.7 3 (1.6)
Self-insured group 119 (26.2) 67 (254 52 (274
Other/unknown 8 (1.8) 2 0.8 6 (3.2)
Charlson Comorbidity Index score, mean [SD] 4.2 [2.3] 4.0 [2.2] 44 [2.4] 0.069
Baseline comorbid conditions of interest, n (%)
Acute or chronic kidney disease 117 (25.8) 55  (20.8) 62 (32.6) 0.005
Anemia 263 (57.9) 143 (54.2) 120 (63.2) 0.056
Arterial thrombosis 10 2.2) 6 .3) 4 2.1 0.905
Cardiac arrhythmia 89 (19.6) 52 (19.7) 37 (19.5) 0.953
Cardiac valvular disease 43 9.5) 24 ©.D 19 (10.0 0.744
Cerebrovascular disease 10 2.2 4 (1.5) 6 (3.2) 0.239
Chronic pain/fibromyalgia 94  (20.7) 50 (18.9) 44 (23.2) 0.274
Diabetes 89 (19.6) 49 (18.6) 40 (LD 0.509
Dyslipidemia 123 (27.1) 72 (27.3) 51 (26.8) 0.919
Hypertension 214 (#7.D 117 (44.3) 97 (51.D 0.156
MI/CAD 46 (10.1) 30 (114 16 8.4 0.305
Neutropenia 79 174 38 (144 41 (21.6) 0.046
Osteoarthritis 213 (46.9) 120 (45.5) 93 (48.9) 0.462
Renal failure/dialysis 44 97 17 (64 27 (14.2) 0.006
Smoking or history of smoking 42 9.3) 19 (7.2) 23 (12.1D) 0.075
Venous thrombosis 42 9.3) 26 (9.8) 16 8.4) 0.605
Pre-index ASCT, n (%) 141  (3l.D 91 (34.5) 50 (26.3) 0.064
Available months of follow-up, mean [SD] 8.9 [5.4] 9.3 [5.9] 8.2 [4.5] 0.032

ASCT = autologous stem cell transplant; CAD = coronary artery disease; MI=myocardial infarction; SD = standard deviation.

disease, hematologic comorbidities, and use of anticoagulant
medications).

Multivariate GLM models with a log link function and
gamma distribution were used to compare costs between
cohorts where index line regimen type was tested as the main
effect. Model covariates were identical to those used in the
resource utilization analyses. Separate models were conducted
using total costs accrued during the initial line, mean monthly
costs accrued during the initial line, and mean monthly
costs accrued during the entire eligible post-index follow-up
period as dependent variables. Cls around the point estimate
for the predicted mean monthly cost of initial line treatment
were obtained via bootstrapping based on 500 iterations.
Multivariate models of component costs (e.g., pharmacy) were
not conducted. All analyses were conducted using SAS version
9.2 (SAS Institute, Cary, NO).
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Results
Patient Demographic and Clinical Characteristics
A total of 1,091 adult MM patients were identified with >1
claim for pomalidomide or carfilzomib between February 1,
2013, and February 28, 2015. After the application of inclu-
sion and exclusion criteria, 454 patients remained for analysis
(pomalidomide n=264, carfilzomib n=190; Figure 1).

Table 1 shows the baseline demographic and clinical
characteristics of the sample. The mean (SD) age of patients
who initiated therapy with a pomalidomide-based regimen
was 61.7 (9.2) years and similar to carfilzomib patients (61.4
[9.6], P=0.671). Gender was similarly distributed between
the pomalidomide and carfilzomib groups with slightly more
male patients in each (58.3% of pomalidomide and 62.6% of
carfilzomib patients, P=0.365). The mean (SD) follow-up time
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Kaplan-Meir Curve Depicting Time from Initial Line of Therapy to Subsequent Line of Therapy (All
Patients, Irrespective of Observed Treatment Progression)
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Time to Next Line (Days)
Initial Line of Therapy Median (95% CI) TTNT (Months)
Pomalidomide-based therapy 119  (10.7-14.8)
Carfilzomib-based therapy 9.4 (7.7-10.0)
All therapies 10.7 (94-13.5)
Initial Line of Therapy Log-Rank Test Statistic P Value
Pomalidomide-based therapy vs. carfilzomib-based therapy 3.5486 0.0596

CI=confidence interval; TTNT =time to next treatment.

was 8.9 (5.4) months and approximately 1 month longer in
the pomalidomide patient group (P=0.032). At the end of the
follow-up period (mean [SD]: 8.9 [5.4] months), 39% of the
sample were on therapy (either the initial line or a subsequent
line); 35% were either not on therapy or died; and approxi-
mately 26% had an unknown treatment status (i.e., there was
<90 days between the last treatment and the end of follow-up).
The most common comorbidities observed during the 6-month
pre-index period were hypertension, osteoarthritis, dyslipid-
emia, chronic pain, arrhythmia, and diabetes, and approxi-
mately 60% of all patients had a history of anemia at baseline.
Significantly more carfilzomib patients had a pre-index claim
indicative of kidney disease (32.6% vs. 20.8%, P=0.005);
renal failure or dialysis (14.2% vs. 6.4%, P=0.006); and/or

www.jmcp.org  Vol. 23, No. 2

neutropenia (21.6% vs. 14.4%, P=0.046) compared with
pomalidomide patients. Pre-index inpatient and outpatient vis-
its for venous thrombotic events and arterial thromboembolic
events were similar between the 2 groups (all P values >0.605)
as were hospitalizations for neutropenia (pomalidomide: 6.4%;
carfilzomib: 8.9%; P=0.317). The overall mean (SD) CCI score
was 4.2 (2.3) and comparable between the 2 cohorts. Pre-index
stem cell transplant was observed in 31.1% of the sample
(pomalidomide: 34.5%; carfilzomib: 26.3%; P=0.064).

Treatment Patterns and Clinical Qutcomes

The most frequently observed index regimens for the pomalido-
mide sample were pomalidomide +dexamethasone (47.0%) and
pomalidomide monotherapy (33.0%). Nearly half (45.3%) of
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Time to Next Treatment: Initial Line of Therapy to Subsequent Line of Therapy

(Patients with >2 Lines Observed During Study Period)

Pomalidomide (n=100/N=264)

Carfilzomib (n=75/N=190)

6.9
- P=0.016
T T T T T T T 1
0 1 2 3 4 5 6 7 8
Months

the carfilzomib sample initiated treatment with carfilzomib
monotherapy, while the next most frequently observed regimens
in the carfilzomib sample were carfilzomib +dexamethasone
(14.7%) and carfilzomib + lenalidomide + dexamethasone (8.4%).

The mean (SD) duration of initial therapy for pomalido-
mide patients was 5.9 (4.8) months vs. 4.2 (3.4) months in the
carfilzomib sample (P<0.0001). The median (95% CI) TINT
for the full sample of pomalidomide patients (n=264) from
the Kaplan-Meir analysis was 11.9 (10.7-14.8) months, com-
pared with 9.4 (7.7-10.0) months in the full carfilzomib cohort
(=190, P=0.060; Figure 2). In the subset of patients that
could be followed to a subsequent line of therapy (pomalido-
mide: n=100, carfilzomib: n=75), the mean (SD) TTNT (.e.,
time from the initial line of therapy to the subsequent line of
therapy) was 6.9 (5.2) months for pomalidomide patients and
5.3 (2.9) months for carfilzomib patients (P=0.016; Figure 3).
The most frequently observed line of therapy following the
initial line in the pomalidomide sample was the addition of
(14.0%) or switch to (15.0%) carfilzomib +dexamethasone
(total: 29.0%). The most frequently observed regimens follow-
ing the initial line in the carfilzomib sample were pomalido-
mide + dexamethasone (9.3%), and carfilzomib monotherapy or
carfilzomib + dexamethasone + cyclophosphamide (6.7% each).

Although a trend towards longer time to progression to a
subsequent line was observed in the pomalidomide sample
(P=0.060) in the unadjusted analysis, Cox model results,
adjusting for key demographic and clinical characteristics,
found the difference in the risk of progression to a subsequent
line was not significant between pomalidomide and carfilzo-
mib patients (HR=0.862, 95% CI=0.616-1.208, P=0.389).
None of the covariates included in the model were significant
predictors of progression.
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Resource Utilization and Economic Outcomes

Unadjusted analyses of utilization observed during the ini-
tial line revealed the proportion of patients with an inpatient
visit was similar among patients who initiated therapy with
pomalidomide or carfilzomib (49.2% vs. 54.7%, P=0.248),
and inpatient visits observed during index line were very low
(mean=1) for both groups. Pomalidomide patients had fewer
outpatient encounters compared with carfilzomib patients
(median 116 vs. 173, P<0.001). There was lower use of phar-
macy resources (i.e., all drugs used by the patient regardless
of whether they were used to treat MM, including injectable
drugs administered in the outpatient setting) by patients
whose initial therapy included pomalidomide compared with
carfilzomib patients (median number of prescriptions/admin-
istrations: 38 vs. 69, P<0.001). The median number of
pharmacy claims for all MM treatments was also lower in
pomalidomide patients compared with carfilzomib patients
(8 vs. 18, P<0.001).

Inpatient visits were infrequent during the index line of
therapy. However, after adjusting for key demographic and
clinical characteristics, pomalidomide patients were associated
with a higher number of inpatient encounters during the index
line of therapy (P=0.005), albeit during a longer index period.
The use of >2 novel agents in the initial regimen (P=0.020)
and the presence of cytopenias during the pre-index period
(P=0.027) were significant predictors of inpatient utilization.
The total number of outpatient encounters observed during
the initial line of therapy was lower in pomalidomide patients
compared with carfilzomib patients (P=0.006). The use of just
1 novel agent (vs. >2) in the initial regimen and Northeast resi-
dence (P=0.033) predicted lower outpatient utilization during
the initial line of therapy.

Figure 4 shows the unadjusted median costs by place of
service incurred during the initial line of therapy. Unadjusted
median costs incurred during the initial therapy were $102,805
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aA =pomalidomide—carfilzomib. Differences in costs and P values were measured with Wilcoxon rank sum tests of medians.
bHealth care costs were measured over the initial LOT (some patients were still on the initial LOT at last observation).

cPharmacy category includes drugs administered in the outpatient setting.
LOT =line of therapy; MM = multiple myeloma.

for patients initiating treatment with pomalidomide-based regi-
mens and $127,203 for patients initiating therapy with carfilzo-
mib-based regimens (P=0.110). Unadjusted median pharmacy
costs incurred during the index line of therapy were $57,257
for pomalidomide patients and $57,149 for carfilzomib patients
(P=0.901). MM treatment costs accounted for the majority of
pharmacy costs during the index line of therapy in pomalido-
mide and carfilzomib patients (84.3% and 87.2%, respectively).
Unadjusted median inpatient costs incurred during the index
line of therapy were $0 for pomalidomide and $8,646 for carfil-
zomib patients (P=0.1638); the median number of inpatient
encounters were 0 and 1, respectively. Unadjusted median
outpatient costs incurred during the index line of therapy were
significantly lower in pomalidomide patients compared with
carfilzomib patients ($15,995 vs. $22,699, P=0.001).
Unadjusted median monthly costs observed during the
initial line of therapy were significantly lower in pomalido-
mide patients compared with carfilzomib patients ($17,513
vs. $24,696, P<0.001). Adjusted mean monthly costs incurred
during the initial line of therapy remained significantly lower
in pomalidomide patients compared with carfilzomib patients
(P=0.013; Figure 5). Age <70 years (P=0.004), male gen-
der (P=0.016), multiple novel agents in the index regimen
(P=0.006), pre-index ASCT (P=0.0484), current/previous
pre-index smoking status (P=0.042), and pre-index hemato-
logic comorbidities (P=0.009) were all significant predictors
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of higher mean monthly index line costs. The adjusted mean
monthly costs (95% CI) observed during initial therapy were
$23,888 ($21,629-$26,457) for pomalidomide and $27,965
($24,864-$31,524) for carfilzomib.

Over the available post-index follow-up period, unadjusted
analyses revealed that patients who initiated therapy with
carfilzomib-based regimens had a significantly higher median
monthly cost ($24,743 PPPM vs. $18,298 PPPM, P=0.001) com-
pared with pomalidomide-initiated patients. Unadjusted phar-
macy ($11,888 PPPM vs. $10,898 PPPM, P=0.031) and outpa-
tient costs ($4,519 PPPM vs. $3,009 PPPM, P=0.031) were also
higher in carfilzomib patients compared with pomalidomide
patients. Unadjusted inpatient costs were similar between the
2 groups (pomalidomide: $1,426 PPPM, carfilzomib: $2,860
PPPM, P=0.074). After adjusting for key covariates, pomalid-
omide-initiated patients trended toward a lower monthly
cost over the entire eligible post-index follow-up period,
although the finding was not statistically significant (P=0.230).
Significant determinants of higher monthly costs included age
<70 years (P=0.001), male gender (P=0.018), >2 novel agents
in the index regimen (P=0.034), pre-index ASCT (P=0.025),
and pre-index hematologic comorbidities (P=0.003).

W Discussion

This study examined real-world treatment patterns, TTNT, and
economic outcomes in MM patients treated with pomalido-
mide or carfilzomib, using a large U.S. health insurance claims
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Pomalidomide patients were associated with 15% lower monthly initial therapy costs compared with carfilzomib patients.
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$23,888 ($21,629-$26,457) for pomalidomide and $27,965 ($24,864-$31,524) for carfilzomib.

ASCT =autologous stem cell transplant; CI=confidence interval; ref=reference.

database. We believe this to be the first retrospective database
study to report TTNT and cost outcomes in a sample of patients
with MM treated with pomalidomide or carfilzomib. The
estimated median TTNT for the entire pomalidomide sample
was higher (11.9 months) than carfilzomib patients (9.4
months); however, both estimates were noticeably higher
compared with the PFS of patients treated with similar regi-
mens reported in clinical trials. For example, for pomalido-
mide + dexamethasone, San Miguel et al. (2013) reported a
PES of 4.0 months and Maciocia et al. reported a PES of 4.5
months.”*® PFS durations reported for carfilzomib mono-
therapy range from 3.7 to 8.2 months.'"'?!° These differences
may reflect differences in regimens (i.e., additional regimens
other than those studied in the clinical trials were included in
our study), patient populations, and/or methods (e.g., clinically
defined PFS vs. TTNT or the PFS proxy used in our study).
Thus, the TTNT estimates reported here may not be directly
comparable with those from the clinical trials. Nevertheless,
our finding provides a real-world comparison that may help
inform clinical decisions regarding these therapies for rrMM
that were prevalent at the time of the analysis.
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Adjusted costs incurred during the initial line of therapy
were significantly lower in patients with pomalidomide-based
regimens, despite a greater adjusted number of inpatient
encounters and a longer TTNT in pomalidomide patients.
This cost finding appears to be driven by increased outpatient
services associated with carfilzomib treatment, since carfilzo-
mib is typically administered as an infusion in the outpatient
setting, whereas pomalidomide is an oral medication requir-
ing fewer outpatient visits. This finding is consistent with the
finding of lower unadjusted pharmacy resource utilization in
patients whose initial therapy included pomalidomide. The
observation of lower unadjusted monthly costs over the entire
eligible follow-up period in the pomalidomide group may be
related to the longer observed TTNT, since costs escalate upon
relapse. This may have led to fewer pomalidomide patients
progressing to a subsequent line of therapy during the study
period. However, the adjusted monthly costs over the entire
eligible follow-up period were not significantly lower in the
pomalidomide group.

Overall, this study found that pomalidomide patients
trended toward a longer time to progression (ITNT used as a
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proxy measure; statistically significant in the unadjusted mea-
sure but not in the adjusted measure), had significantly lower
costs during initial therapy, and trended toward lower overall
cost when postprogression costs were included. These findings
should be interpreted in the context that carfilzomib patients
had significantly higher rates of kidney disease/renal failure
and neutropenia at baseline. While we were able to control for
differences available in the claims data, differences in unavail-
able characteristics, such as disease staging and severity, may
have remained between the 2 groups.

As health systems develop methods to implement episode-
based payment systems, there will be a major challenge in
benchmarking complex patients, such as the rrMM patients
evaluated in this study. The success of these new payment
models will rely on real-world data to define episodes, under-
stand the probable range of outcomes using current standards
of care, and develop risk-adjustment methods to account for
patient populations with varying demographic and clinical
characteristics.

As the use of these agents increases over time, additional
analysis of larger samples with longer durations of follow-up,
as well as more clinical data (e.g., disease severity and staging)
may help to validate the results presented here.

Limitations
The results of this study are subject to a number of limitations.
Proxy measures (i.e., TTNT) were used to identify disease
progression, since clinical measures such as lab results are not
available in claims data. Because changes in treatment may be
driven by factors other than disease progression (e.g., toler-
ability and/or toxicity issues), it is possible that some patients
were misclassified as having progressed using TTNT. In addi-
tion, the specific number and types of previous lines of therapy
could not be determined because patients were not followed
from their initial diagnosis and were assumed to have relapsed
and/or refractory disease by virtue of observed treatment
with pomalidomide or carfilzomib. Song et al. (2016) recently
reported little first-line use of pomalidomide and carfilzomib,
validating our assumption that these agents are predominantly
used in the later line setting.*°

The PharMetrics Plus claims database is limited to patients
with commercial health insurance; therefore, the results may
not reflect patients covered by Medicare fee-for-service or
Medicaid patients, which may limit the generalizability of
the findings. The PharMetrics Plus database does not provide
information on systemic factors that could affect care, includ-
ing benefit and formulary design. However, because of the
large and diverse nature of the plans in the database, the effect
of these factors on the study results is likely minimal.

Results from observational studies are subject to selec-
tion bias and/or coding errors and cannot infer causality. We
observed that the majority of each sample initiated treatment
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with either monotherapy or doublet therapy, including dexa-
methasone, although the proportion was greater in pomalido-
mide patients compared with the carfilzomib cohort (pomalid-
omide + dexamethasone: 80%; carfilzomib + dexamethasone:
60%). It is possible that some retail dexamethasone claims
were not captured because of cash payment or other reasons.?!

Finally, because 17.9% of carfilzomib-based regimens were
composed of carfilzomib in addition to lenalidomide or thalid-
omide plus or minus a steroid, it is possible that significant het-
erogeneity among the treatment samples may have influenced
the results. Despite these limitations, study strengths include
a large sample of patients with robust data regarding clinical
and economic outcomes derived from medical and pharmacy
insurance claims.

Conclusions

This retrospective analysis of presumed rrTMM patients treated
with pomalidomide or carfilzomib-based therapy observed a
longer time to a subsequent line of therapy in pomalidomide
patients compared with carfilzomib, although the difference
was not statistically significant after adjusting for key demo-
graphic and clinical characteristics. Compared with patients
initiating carfilzomib, pomalidomide patients were observed
to have lower adjusted mean monthly costs while on initial
therapy and lower unadjusted median PPPM costs over the
entire post-index period compared with patients initiated on
carfilzomib regimens. These types of analysis may support the
development of episode-based payment models. Further analy-
sis with larger sample sizes and a longer follow-up period from
the introduction of these new treatment agents is warranted to
confirm the findings of this study.
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