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Abstract

Aims: Medicare patients with metastatic or surgically unresectable urothelial carcinoma (mUC)
often receive platinum-based chemotherapy as first line of therapy (LOT) but invariably progress,
requiring additional LOTSs and healthcare resource use (HCRU). To better understand the evolving
mUC treatment landscape, we estimated the economic burden of chemotherapy-based mUC
treatments among US Medicare patients.

Methods: Newly diagnosed Medicare patients with mUC were identified from the Surveillance,
Epidemiology, and End Results (SEER)-Medicare database. Patients were followed from
diagnosis to death, disenrollment, or end of study to characterize LOTs (first [LOT1], second
[LOT2], and third+ [LOT3+]). Kaplan-Meier methods were used to estimate overall survival (OS)
by LOT. HCRU and mean costs were reported over the follow-up period, LOT duration, or
maximum LOT received.

Results: Among 1,873 eligible patients with mUC (median age, 77 years; median follow-up, 7.5
months), 1,035 (55%) received no chemotherapy. Among chemotherapy-treated patients, 61% had
LOT1 only, 25% had LOT1 and LOT2 only, and 14% had =3 LOTs. Median OS was 8.1 months,

range 4.3 (untreated) to 29.8 (LOT3+) months. HCRU frequency increased with additional LOTS.
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Mean cumulative per-patient cost was $82,912 for all patients, increasing with additional LOTs
(untreated, $57,207; LOT1, $99,213; LOT2, $125,190; LOT3+, $163,884). Mean per-patient per-
month cost was $18,827 for all patients, decreasing with increasing number of LOTSs received
(untreated, $27,211; LOT1, $9,601; LOT2, $7,325; LOT3+, $6,017).

Limitations: Potential for treatment misclassification when using the algorithm defining LOTs
and non-generalizability of results to younger patients.

Conclusions: Over 50% of Medicare patients with mUC received no chemotherapy. Among
chemotherapy-treated patients, most received only one LOT. Additional LOTSs led to higher mean
costs and HCRU, but as patients were followed longer, monthly costs decreased. As treatments
evolve to include immuno-oncology agents, these findings provide a clinically relevant economic
benchmark for mUC treatment across different traditional LOTS.
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Introduction

Urothelial carcinoma (UC) is the ninth most common cancer worldwide, with 430,000 new
cases diagnosed annually, resulting in approximately 145,000 deaths globally each year
[1,2]. In 2017, there were an estimated 79,030 new cases of bladder cancers in the United
States (US), the majority of which were UC, and 16,870 deaths; 75% of cases occurred in
people 65 years or older [3]. Among those diagnosed with UC, about 20% of patients
present with de novo metastatic or surgically unresectable UC (mUC). Furthermore,
approximately 50% of patients presenting with muscle-invasive UC develop metastatic
recurrence after initial therapy for clinically localized disease [4].

Prior to the emergence of immuno-oncology agents, platinum-based chemotherapy was the
standard first line of therapy (LOT) for mUC, but some patients may be ineligible for such
therapy due to comorbidities, including poor renal function [5]. Although UC is relatively
sensitive to chemotherapy, overall survival is poor for patients with mUC as chemotherapy
does not result in long-term cure, even among those who initially respond [6,7]. Also,
treatment options for patients who do not tolerate or are refractory to chemotherapy remain
limited [8]. Before approval of an immuno-oncology agent in 2016 [9], the only approved
treatment options for patients who progressed after platinum-based chemotherapy were
second-line chemotherapies such as paclitaxel, docetaxel, gemcitabine, pemetrexed,
alkylating agents, or possibly anthracyclines [10]. However, response rates and treatment
outcomes are even more limited with second-line chemotherapies [10,11].

Since May 2016, the US Food and Drug Administration (FDA) has approved 5 immuno-
oncology therapies for mUC: the programmed death 1 (PD-1) targeting monoclonal
antibodies nivolumab and pembrolizumab, and the PD-1 ligand 1 (PD-L1) targeting
monoclonal antibodies atezolizumab, durvalumab, and avelumab. All 5 agents were
approved in the second-line setting, where clinical studies have shown that overall response
rates for anti—PD-1 and anti—PD-L 1 therapies are between 15% and 31% [12-16].
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Responses in many patients have remained durable, and the 12-month overall survival rates
were high (36%-51%) [12,13,15,16]. In addition, atezolizumab and pembrolizumab have
been approved for the first-line treatment of cisplatin-ineligible patients with PD-L1-
positive mUC based on clinical trials where overall response rates among patients with the
highest expression of PD-L1 ranged between 28% and 38% [17,18].

Total US medical care expenditures for bladder cancers were $4 billion in 2010 and are
expected to rise to $5 billion by 2020 [19]. Of the various cancer types, bladder cancer
(including muscle-invasive and non—-muscle-invasive bladder cancer) was reported to have
the highest lifetime all-treatment costs per patient in the US, ranging from $96,000 to
$187,000 in 2001 [19,20]. Post diagnosis, annual continuing care costs per patient ranged
from $5,000 to $17,500 depending on stage, being highest for patients with muscle-invasive
bladder cancer [21]. Disease progression is a major driver of cost, with muscle-invasive
bladder cancer treatment costs reported to be 2 to 3 times greater than non—-muscle-invasive
bladder cancer treatment costs [22]. While the economic burden of bladder cancer at various
stages has been studied, to our knowledge, the economic trajectories of patients with
advanced bladder cancers receiving sequential LOTSs have yet to be evaluated. This is
relevant for patients with mUC, as the majority will require several sequential LOTs due to
disease progression. Likewise, the economic burden associated with Medicare patients who
may not receive chemotherapy has yet to be evaluated.

This analysis estimated the medical costs and healthcare resource use (HCRU) associated
with the current LOTSs in Medicare patients in the US to provide a benchmark for treatment-
related cost estimates by lines (and number of lines) of chemotherapy received.

Since the median age at bladder cancer diagnosis is 72 years old and most new cases occur
in people age 65 years or older, this analysis was conducted using data from the
Surveillance, Epidemiology, and End Results (SEER)-Medicare database, which links
information from the National Cancer Institute’s SEER cancer registries and Medicare
claims data from the Centers for Medicare and Medicaid Services (CMS). The SEER
program collects cancer incidence and mortality rates from 18 tumor registries across the US
that cover 28% of the population [23,24] and provide clinical, demographic, and mortality
information for patients diagnosed with cancer. Medicare claims provide information on
healthcare services and their costs, including diagnosis and treatment services, which are
provided to and covered for Medicare beneficiaries from the time of Medicare eligibility
until death.

Study design

This was a retrospective cohort study of patients newly diagnosed with mUC (transitional
cell histology in the bladder and upper tract urinary system) between 2004 and 2011.

Included patients had TNM) staging of T4b/NO/MO (i.e., the tumor has grown through the
bladder wall into the pelvic or abdominal wall [bladder cancer] or the tumor has spread to
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nearby organs or into the outer layer of fat on the kidney [cancer of the renal pelvis and
ureter], but disease has not spread to the regional lymph nodes and has not metastasized);
any T/N1-3/MO (i.e., regardless of how far the primary tumor has grown through the bladder
wall or the lining of the renal pelvis or ureter, the disease has spread to one or more regional
lymph nodes and/or the common iliac lymph nodes, but has not metastasized); or any T/any
N/ML (i.e., there are distant metastases, regardless of how far the primary tumor has grown
through the bladder wall or the lining of the renal pelvis or ureter, or whether it has spread to
the regional lymph nodes). Patients were included if they were 66 years or older at diagnosis
and continuously enrolled in Medicare Parts A and B in the 12 months before diagnosis.
Patients were excluded if they were enrolled in a health maintenance organization (HMO) in
the 12 months before diagnosis, received a postmortem diagnosis, had an unknown
diagnosis date, or had another cancer (except non-melanoma skin cancer) in the 5 years
before mUC diagnosis. Patients were followed from mUC diagnosis until death or censoring
due to the end of the study period (December 31, 2013), HMO enroliment, or Medicare
disenrollment (whichever occurred first).

Lines of therapy

Using Medicare claims data, LOTs were defined according to the following algorithm. First
line (LOT1) was the first chemotherapy with or without radiation therapy used post
diagnosis. A subsequent LOT (i.e., second line [LOT2] and third line [LOT3]) was defined
as: (1) new chemotherapy added more than 30 days after the start date of the prior
chemotherapy (if an additional chemotherapy was added after 30 or fewer days of prior
chemotherapy, it was considered a combination treatment regimen as part of the original
treatment), or (2) the same chemotherapy resumed after a more than 90-day gap between
treatments [25,26]. Treatment patterns of patients with mUC were analyzed in terms of the
maximum number and duration of LOTs (no chemotherapy/LOT1/LOT2/LOT3).

Baseline characteristics

Information on patients’ demographic characteristics was extracted from the SEER
registries, including age at diagnosis, sex, race/ethnicity, marital status, and census location.
Patients’ comorbidities were examined from Medicare claims in the 12 months before the
mUC diagnosis and classified using the Charlson Comorbidity Index (CCI). Medicare
claims in the 12 months before diagnosis were also used to create a performance status
proxy, defined as having any of the following claims: wheelchair use, oxygen use, walking
aid, hospital bed, hospice, skilled nursing facility, or hospitalization.

Overall survival

Time from diagnosis to death was reported using the Kaplan—Meier method and stratified
with respect to LOT.

Costs and HCRU

Healthcare resource use (bladder biopsies; cystoscopy; bone scan; computed tomography
[CT] scan; magnetic resonance imaging [MRI] scan; positron emission tomography-
computed tomography [PET-CT] scan; and hospital, emergency department, and intensive
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care unit [ICU] admissions) were reported as proportion of patients receiving each HCRU,
mean per patient, and mean per patient per month (PPPM) in the full sample and by LOT
over the entire follow-up period. Costs obtained from paid amounts within Medicare claims
(total, inpatient, outpatient, physician, home health, hospice, durable medical equipment,
prescription drug costs, and HCRU-specific costs) were standardized to 2014 US dollars and
reported as cumulative mean costs per patient in the full sample and by LOT: (1) over the
entire follow-up period, and (2) over the treatment duration of each LOT, wherein the latter
costs incurred were attributed to each LOT (Figure 1, top panel). Since costs incurred
between the different LOTs may arguably be attributed to the previous LOT (e.g., managing/
treating toxicities that may have been due to a previous LOT) or the subsequent LOT (e.g.,
monitoring for progression that requires a subsequent LOT), we conducted a sensitivity
analysis that used a different cost attribution method (Figure 1, bottom panel).

Statistical analysis

Results

For categorical variables, frequency and percentage distributions were reported. Statistical
comparisons were conducted between cohorts using Pearson chi-square tests or Fisher exact
tests when any frequencies were less than 5. For continuous variables, median, interquartile
range (IQR), mean, and standard deviation were reported. The Kolmogorov—Smirnov test
was used to test the distribution of the variables. 7-tests were used for normally distributed
variables and Mann—-Whitney tests for variables not normally distributed. All analyses were
conducted using SAS v.9.4 (SAS Institute Inc., Cary, NC).

Study population

A total of 33,379 patients were identified with a histologically confirmed diagnosis of mUC.
Of those, 1,873 patients met the study inclusion criteria (Figure 2). Of the included patients,
16% had T4b, 51% had M1, and 53% had N1 to N3 disease (Table 1). The median age at
diagnosis was 77 years, 63% of the patients were male, over half were married, and 84%
were non-Hispanic whites. Before diagnosis, 71% of the patients had a CCl score of 0 to 1
and 26% had a poor performance proxy indicator. Most patients were in the West or
Northeast US census regions. Compared with patients receiving LOT3+, patients who did
not receive chemotherapy were older at diagnosis (p < .001), more likely to be female (p
=.091), more likely to have a higher CCI score (p = .045), more likely to have a poor
performance status (p=.014), more likely to have distant metastasis (M1; p=.006), and less
likely to have locoregional (N1-N3) disease (p = .086).

Treatment patterns

More than half of the patients with mUC (55%, /7= 1035) received no chemotherapy; of
those, 22% received radiation therapy and 24% cystectomy. Of the patients who did receive
chemotherapy (7= 838), 45% also received radiation therapy and 43% cystectomy. Among
the chemotherapy-treated patients, 61% had LOT1 only, 25% had LOT1 and LOT2 only, and
14% had LOT3+. Patients started LOT1 on average 3.3 months after diagnosis (3 months in
T4b, 2.7 months in M1, and 4.4 months in N1-N3 patients). About 63% received
gemcitabine with a platinum agent (gemcitabine + carboplatin [32%] or gemcitabine +
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cisplatin [31%]), while a smaller percentage received gemcitabine monotherapy (9%) or
carboplatin + paclitaxel (8%) as part of LOT1. Thirty-eight percent of patients received
cisplatin-based chemotherapy. Patients started LOT2 on average 8.9 months after the end of
LOTL1. The most common LOT2 chemotherapies (41%) were carboplatin combination
therapies (carboplatin + gemcitabine [21%], carboplatin + paclitaxel [10%], or carboplatin +
gemcitabine + paclitaxel [10%]). Among patients receiving at least two LOTs (LOT2+),
10% received the same chemotherapy regimen for LOT1 and LOT2, with a median interval
of 8.4 months. Patients started LOT3 on average 7.9 months after the end of LOT2.
Chemotherapy for LOT3 varied, with patients receiving carboplatin + gemcitabine (11%),
pemetrexed (11%), or gemcitabine alone (10%). On average, LOT2 began 11.9 months after
diagnosis, and LOT3 started 20.9 months after diagnosis.

Overall survival

Median (95% CI) overall survival was 8.1 (7.6-8.7) months for all patients. Among
chemotherapy-treated patients, LOT1, LOT2, and LOT3+ patients had median (95% CI)
overall survival of 12.4 (11.7-13.4), 16.6 (15.2-19.2), and 29.8 (26.2-33.5) months from
diagnosis, respectively. Patients without any chemotherapy treatment had the shortest
median survival of 4.3 months (95% ClI, 4.0-4.7) from diagnosis. Overall survival was 12.3
(11.4-12.9), 9.1 (8.1-10.2), and 8.3 (6.7-9.8) months from start of LOT1, LOT2, and LOT3,
respectively.

Healthcare resource use

During follow-up (median, 7.4 months), all patients had a median (IQR) of 2 (1-4) bladder
biopsies, 4 (2-6) CT scans, 0 (0-0) PET-CT scans, 0 (0-1) MRI scans, 1 (0-2) cystoscopy,
and 1 (0-1) bone scan. The extent of HCRU increased as patients received subsequent LOTS.
Patients who had LOT3+ had higher HCRU compared with those who did not receive
chemotherapy, including a greater number of CT, PET-CT, and MRI scans (Table 2).

Hospitalizations were common, with more than 90% of patients experiencing at least one
hospitalization. In our sample there was a median (IQR) of 3 (1-4) hospitalizations per
patient, which increased significantly as patients received additional LOTs, from 2 (1-3)
hospitalizations in the no-chemotherapy group to 4 (3-6) hospitalizations in the LOT3+
group (Table 2). The median (IQR) time to first hospitalization from diagnosis was 3.7
(1.9-8.9) weeks. The mean duration of hospitalization per patient was 10.9 days in the no-
chemotherapy group, decreasing to 8.7, 7.6, and 7.1 days in the LOT1, LOT2, and LOT3+
groups, respectively (Table 2). More than half of the patients with mUC had at least one ICU
visit during follow-up, with a higher proportion of patients in the chemotherapy-treated
group (60%) versus no-chemotherapy group (47%) visiting the ICU (Table 2); the
proportions visiting the ICU were comparable in the LOT2 only and LOT3+ groups (60%
and 59%, respectively). Similarly, outpatient office visits also increased as patients received
more LOTs: the median (IQR) number of office visits per patient increased from 7 (3-16)
visits in the no-chemotherapy group to 32 (18-52), 47 (34-69), and 75 (55-107) visits in the
LOT1, LOT2, and LOT3+ groups, respectively (o < .001; Table 2).
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Healthcare costs

During the entire follow-up—The mean cumulative cost per patient was $82,912 for all
patients, increasing as patients received more LOTSs (no chemotherapy, $57,208; LOT1 only,
$99,213; LOT1 and LOT2 only, $125,190; LOT2+, $138,924; LOT3+, $163,884). However,
the mean cumulative cost PPPM was $18,827 for all patients, decreasing as the number of
LOTs increased (no chemotherapy, $27,211; LOT1 only, $9,601; LOT1 and LOT2, $7,325;
LOT2+, $6,861; LOT3+, $6,017; Table 3). Most of the PPPM costs were due to inpatient
hospitalization and physician visit costs across all groups, with these items’ contribution to
the total PPPM costs varying according to the LOT group. For example, inpatient PPPM
costs decreased from 68% in the no-chemotherapy group to 34% in the LOT3+ group and
physician PPPM costs increased from 19% in the no-chemotherapy group to 39% in the
LOT3+ group. Similarly, outpatient PPPM costs also contributed more to the total costs as
patients received additional LOTSs, increasing from 4% in the no-chemotherapy group to
19% in the LOT3+ group. Across the different LOT groups (including the no-chemotherapy
group), combined PPPM costs for home health, hospice, durable medical equipment, and
prescription drugs accounted for less than 10% of the total PPPM costs.

By duration of each line of therapy—Total unadjusted costs incurred per patient
during each LOT were $31,871 ($26,402 in sensitivity analysis) for LOT1; $27,342
($37,457 in sensitivity analysis) for LOT2; and $27,031 ($12,962 in sensitivity analysis) for
LOT3. The costs were primarily driven by physician claims (43% for LOT1, 45% for LOT2,
and 44% for LOT3), due to the high number of outpatient office visits per patient during
each LOT (median, 13 for LOT1; 11 for LOTZ2; 10 for LOT3). Among the treated patients,
the mean total cost during the pretreatment phase was $23,811, which was driven primarily
by inpatient hospitalizations (62% of the pretreatment cost). There was a mean of 1.1
hospitalizations and a median (IQR) of 1 (0-2) hospitalizations in the pretreatment phase,
suggesting that the majority of patients are hospitalized before initiating chemotherapy.

Not surprisingly, inpatient hospitalization represented the most expensive component of the
reported HCRU: mean costs of hospitalization were $9,045, $7,226, and $6,666 during
LOTL, LOT2, and LOTS3, respectively (Figure 3). In comparison, the costs of chemotherapy
during the different LOTs were $5,416, $3,552, and $4,378 for LOT1, LOT2, and LOT3,
respectively. In the no-chemotherapy group, it is worth noting that the costs of
hospitalization ($26,429), ICU-related hospitalization ($12,875), and emergency department
visits ($328) were higher than the corresponding costs incurred among the treated patients
during any LOT.

Discussion

This study examined the treatment patterns, HCRU, and costs incurred by Medicare patients
with mUC in the US. Our findings showed that more than half of the patients with mUC
received no chemotherapy, and most patients who did receive chemotherapy had only one
LOT. Untreated patients were older, generally sicker, and were more likely to present with
distant metastasis compared with treated patients. Patients who continued to receive LOT3+
had higher mean cumulative costs and HCRU, but lower average monthly costs and HCRU

J Med Econ. Author manuscript; available in PMC 2020 July 27.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Aly etal.

Page 8

compared with patients receiving one or two lines of chemotherapy. Inpatient and physician
costs constituted most of the total costs, with the chemotherapy itself comprising a relatively
small proportion of the total costs incurred with each LOT (13%-17%, depending on the
LOT). Further analysis of cumulative costs over the treatment duration of each LOT revealed
that substantial costs are incurred during each LOT.

Analysis of treatment patterns was consistent with a previous study using National Cancer
Data Base data that showed that about half of patients (55% of males, 48% of females) with
advanced bladder cancer did not receive chemotherapy, per the [27]. Another study using
SEER-Medicare data from 2007 to 2013 showed that 66% (804/1,215) of patients with
advanced bladder cancer were not treated with chemotherapy, whereas 34% (411/1,215) of
patients received LOT1 and 16% (189/1,215) subsequently received LOT2 [28]. Although it
is not known why about half of the Medicare patients with UC remain untreated with
chemotherapy, we have highlighted that they are likely to be older, sicker, and have worse
performance status. As these patients may be untreated because of a reduced capacity for
tolerating chemotherapy, they may be candidates for potentially better tolerated immuno-
oncology therapies [29]. Indeed, it will be interesting to note whether the proportion of
untreated Medicare patients and the patterns of treatments in the real world evolve as
immuno-oncology therapies become available and are integrated into the overall
management of mUC.

A 2007 to 2013 SEER-Medicare study conducted by Kamat et al. showed that the total costs
of advanced bladder cancer care during LOT1 and LOT2 were $36,790 and $26,730,
respectively [28]. Our study of 2004 to 2013 SEER-Medicare data analyzed similar clinical
and economic outcomes in stage IV bladder cancer patients as the Kamat et al. study, but our
LOT1 costs were slightly lower ($31,871). This is likely due to differences in cost attribution
methods, years studied, and study approaches: We analyzed HCRU from diagnosis to death
and included a more comprehensive list of HCRU costs, while Kamat et al. only looked at
HCRU from index chemotherapy date and was limited to inpatient, emergency, outpatient,
skilled nursing facility, and hospice costs. Furthermore, our population included patients
who did not receive chemotherapy, whereas the Kamat et al study did not, and we did not
require a minimum follow-up time (Kamat et al: = 24 months) since a minimum follow-up
time can bias cost and overall survival estimates.

Additionally, our analysis underscores that Medicare patients with mUC—especially the
untreated—tend to be a sick group, with most patients requiring inpatient hospital stays and
more than half also requiring ICU admissions. It remains to be seen whether immuno-
oncology therapies can change these dynamics, or at least prolong time to using these
resources.

This study has several strengths. First, we used a nationally representative database that
includes a US Medicare population with mUC. Second, the results provided here can be
used by healthcare payers to estimate the expected monthly and cumulative real-world costs
that may be incurred by their enrollees who are diagnosed with mUC and are at various
stages of treatment. Third, we estimated the costs of healthcare resources that are commonly
used by patients with mUC and quantified the costs incurred, which can help payers identify
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the major drivers of costs. Most of the literature to date has focused on characterizing HCRU
and costs among patients treated with chemotherapy [28,30]. Our study, by contrast, also
quantified the economic burden of patients who did not receive chemotherapy, who represent
more than half of the Medicare patients presenting with mUC. Finally, we included patients
with UC not only of the bladder (as is often reported), but also of the renal pelvis, ureter,
ureteric orifice, and urethra (representing 10% of our sample), thus providing cost and
HCRU analysis of the entire urinary system.

Limitations of our study include the possibility of treatment misclassification when using the
LOT-defining algorithm. Further, systemic treatment for mUC is generally chemotherapy-
based, with LOT1 therapies often being combinations of 2 to 4 agents, whereas subsequent
LOTs may comprise a single agent. Thus, it can be challenging to define what constitutes a
first versus a subsequent LOT, particularly given the complexities inherent to delivering
multi-agent treatments as part of a specific regimen, or the effect of treatment gaps or
therapy switches that may arise due to drug toxicities. Results may not be generalizable to
younger patients with mUC, given that the population studied was aged 66 years or above;
however, since the median age at diagnosis of mUC is 72 years [3], the data presented are
applicable to the majority of the mUC population seen in clinical practice. Lastly, we did not
exclude patients who developed other cancers during the follow-up period to be more
representative of ‘real-world’ patients and to preserve sample size.

Conclusions

This real-world analysis provides data on the economic burden of both chemotherapy-treated
and untreated patients with mUC. We have shown that more than half of the patients with
mUC receive no chemotherapy. The estimated costs for untreated patients were around
$57,000 over their lifetime, mostly for inpatient services. The chemotherapy-treated group
incurred costs to Medicare of approximately $24,000 before starting treatment, and $32,000
in the LOT1, $27,000 in the LOT2, and $27,000 in the LOT3 settings. As the treatment
landscape evolves to include immuno-oncology agents, these findings provide a benchmark
for the relative costs associated with mUC treatment across traditional lines of chemotherapy
in the US and provide context for comparison with patients treated with newer therapies. It
remains to be seen whether immuno-oncology therapies can change the dynamics observed
in this analysis. Specifically, immuno-oncology therapies may be expected to shift costs
away from the inpatient setting towards the outpatient setting (with increases in drug costs)
and lead to longer survival. Based on the pattern observed herein, one might expect that this
will result in cumulatively higher cost overall but lower cost per patient per month. The net
effect could result in more cost-effective care for patients with mUC.
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Figure 1.

Cost attribution to each line of therapy (LOT) according to main (top panel) and sensitivity
analysis (bottom panel).
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Figure 2.
Patient selection flowchart. Abbreviations: dx, diagnosis; HMO, health maintenance

organization.
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Figure 3.
Mean healthcare cost per patient by line of therapy (LOT) over duration of LOT and

pretreatment phase. These estimates are not the unit costs of each healthcare resource
utilization (HCRU). Rather, they represent the total cost of each HCRU category divided by
the number of patients in our sample, regardless of whether or not they have used each
resource. Abbreviations: CT, computed tomography; ED, emergency room; ICU, intensive
care unit; MRI, magnetic resonance imaging.

J Med Econ. Author manuscript; available in PMC 2020 July 27.

MRI scan



Page 15

Aly etal.

8€S’ (0'02) €2 (§11) Y2 (8en) T2 (217 €8T avL
900° (T'9%) €9 (9'zv) 68 (e'ov) L0Z (e'65) ¥19 N

(9%) U ‘uonredlyIsseld INNL

v10° (T'61) 22 (zL1) 9¢ (z'12) 60T (00g) T1E (9%) u ‘snyess souewtoyad Jood
N (Torm) 12 (ceT) 89 (¥'27) 081 +€
N (6721) L2 (7'eT) 69 (6'7T) ¥ST 4
(5€2) L2 (822) 85 (e've) get (¢'52) 192 T
) (8'vS) €9 (e'6v) €0T (0'6v) 252 (szv) ovy 0

(9%) U ‘xapul AIpIgJowod uos|reyd

(Lsm) 81 (6'€1) 62 (0eT) 29 (921) 0€ET 1SOMpIN
(8'L2) ce (T'02) 2v (9'22) 911 (T22) 622 IseaylioN
(s91) 6T (c81) 88 (z02) vot (0°e2) 8eC yinos
6¢2 (o'ov) 9v (8'Lv) 00T (zvv) L22 (e2v) sev 1S9

(%) U ‘uoneLo] snsusd

uN UN (L2t (ee) ve umouxun

(5€2) L2 (9'61) ¥ (8'62) €51 (Tev) ovy PamopIm/padIoAlp/patesedas

(€%9) ¥2 (€T 69T (e'79) 51 (T'vv) 957 paLLe

100" > N UN (z9)ze (9'6) 66 (patrew 1anau) ajbuls

(9%) u ‘sisoubelp 1e sniels [eyae

dN (¢ st (Tv)1e (s2) 9z JBylo

4N 4N (2€) 6T (2'9) 65 oluedsiH

dN UN (r9) ee (96) 66 »9e|q 91uedsIH-UON

€50 (€'76) 0T (T'98) 08T (8'38) Tvv (zz8) 158 a)ym o1uedsiH-uoN
(%) u ‘Aioruye/eoey
160° (8'29) 8. (L'e) vST (9'79) zee (2'65) 819 (%) u ‘sreN
100" > (LL-69) €L (82-02) €L (08-02) v (¥8-vL) 08 saeak ((401) ueipaw ‘sisoubelp ye aby
(gTT=U) (602 =) (r15=u) (se0'T=U) onsLIseIRYD

AdesaylowayDd ON sA +€1071 ‘anfeAd  +€1071  AUOZLOT1® TLOT AuO 11071  Adessyowsyd oN

"PanIgdal 1 O winwixew Aq sonsusoreyd aAndiosap auljaseg

‘TalqeL

VA Author Manuscript VA Author Manuscript VA Author Manuscript

J Med Econ. Author manuscript; available in PMC 2020 July 27.



Page 16

Aly etal.

TT UBY) SS3] SIUNOD JO UOIIBALISP 8y} 104 MOJ|e A3} JI pasn aq Jou Aew Sejnwiioy [edlrewayiew Jaylo Jo sabejuaalad pue ‘passaiddns aq
1SNW TT UeY} SS3] SIagUNU 1By} aINpIsU| JadueD [eUOIBN 3y} YlIM Juawiaaibe asn erep ayy Jad papiodal Jou ‘YN ‘paiytoads asimiayio Jou ‘SON ‘Adesay Jo aul) ‘1O ‘ebuel ajiuenbiaiul “4O| "SUONBIABIQQY

dN dN N UN sinjad [euay
N 1N UN UN Asupry
N 4N 4N (91) L1 elyiain
dN dN (sa) et (91) LT 3014110 9131RIN
(¥'0¢€) ¢ (z'ov) ¥8 (zve) oLT (L6€) TTY SON ‘1appe|d
(zen) vT (8v1) 1€ (802) L0T (e'6T) 002 Jappejq Jo uoiss| buidderiano
(LgT) 8T (T'6) 6T () Le (58) 88 SN
dN (e9) 1T (ev) ze (6'T) 02 93U Jappe|g
N 4N (L) ve (Te)ee Jappe|q Jo swoQ
dN (9'6) 0¢ (99) ve (z9) v9 Jappeq jo suobLiL
N 4N (ev) ee (¥'S) 95 Jappejq 4o |[em JoLis)sod
N dN (sa) et (02 12 1appe|q Jo |[em JoLaIuY
600° (zen) vr (so1) 22 (e'1T) 85 (z'ot) 901 1appejq Jo |[em Jessre]

(9%) u aowny jo uoneoso| oydeabodol

980° (0€s) 19 (z'19) 82T (€'99) V€ (9v¥) 29v EN-TN

(sTT=U) (602 = u) (¥15=U) (5e0'T =) ansiieldeIRyD
Adessylowayp oN sA +€107T aNfeAd - +€1071  AUO 2101 TLOT AuOTLOT  Adessylowsyd oN

VA Author Manuscript VA Author Manuscript VA Author Manuscript

J Med Econ. Author manuscript; available in PMC 2020 July 27.



Page 17

Aly etal.

100" > (8'vS) €9 (0'sv) v6 (8'9¢) 68T (9€2) vve (5'7€) 065 sjuaired o (%) v
ueds 19N

(€1-9) 6 (619 (8-€)g Te (v (401) uetpaiy

100" > (¥6'S) 0T'0T (Lev) ov'L (18°€) L0'9 (tre)ore (00'v) 28'v (as) ueaiy

L00° (T'66) ¥TT (5'66) 802 (9'66) 215 (z'€6) 596 (0'96) 66L'T sjuaired o (%) v
ueas 19

(-0t (z-0)t (T-0) T (-0)0 (T-0) T (401) uelpaiy

100" > (szo) 18T (oeT)eT'T (€0'T) 88°0 (#9'0) 050 (90'T) 520 (as) ueaiy

100" > (7oL 18 (T'v9) ¥eT (6'09) €1€ (zey) vy (T29) 626 sjuaired o (%) v
ueds auog

(01-0) ¥ (8-0)¢ (-0 0 (0-0)0 (e-0)0 (401) uelpaiy

100" > (sL'9) 6E'S (€1°9) LT¥ (sT'Y) 152 (682) 0Z'T (66'€) 9T'C (@s) ueaiy

100" > (%5€9) €L (%9°29) 01T (%5'8¢€) 86T (e'22) 1€ (L2e) 219 sjuaired 4o (%) N
uonelpey

(T-0) 0 (t-0)0 (T-0)0 (0-0)0 (T-0)0 (401) uelpaiy

100" > (s5°0) ¢v'0 (€5°0) v7'0 (¢5'0) 570 (s¥'0) s2'0 (6v°0) £€°0 (@s) ueaiy

100" > (T'6¢€) S (T'ev) 06 (rev) €ee (0'v2) 8ve (¥2€) 909 sjuaired o (%) v
AWw012915AD

1z (e-T¢ (-1)05'1 (T-0) T (-0t (401) uetpaiy

100" > (t52) 2L (cLd)eve (81'2) €02 (T (TT2) 1971 (@s) ueaiy

100" > (T98) 66 (L'eg) siT (6'28) 9zv (9'85) 909 (2'69) 90€'T sjuaired o (%) v
Ado2s01sAD

(s2¢ r2¢ (r-2¢ (e-Te Te (401) uetpaiy

100" > (e82) 8TV (cL2) ege (c92) e (¥8'1) ¢z (9e2) 582 (@s) ueaiy

100" > (0'00T) 61T (9'86) 902 (z'66) 0TS (6'88) 026 (5€6) TSL'T sjuaired o (%) v
Asdoiq Jappelg
Adesayrowsyd oN sA +€1071  (GTT = NU) (602 = u) (¥15=U) (se0'T =U) (€28T=N) NYOH

‘anfen-d +€1071 Alu0 2107121107  AUOTLOT  AdessylowsyDd oN  syusled |1V

VA Author Manuscript

"PaAIddal 1 O] winwixew Agq dn-mojjo) a1nus ayl Burinp uaned Jad NYOH

‘¢ slqeL

VA Author Manuscript

VA Author Manuscript

J Med Econ. Author manuscript; available in PMC 2020 July 27.



Page 18

Aly etal.

'suoissiwpe [eudsoy |fe ssoloe juaired Jad pazijendsoy sAep Jo Jaquinu [e10] Se pauljap Aeis Jo Emcm._,N

"uolieINSp paepuels ‘gs ‘Aydesbowoy paindwod
-AydesBowo) uoissiwa uoaisod ‘1 D-13d ‘Buibew soueuosas onaubew ‘19N ‘Adesayl Jo aull ‘1O abues ajienbisiul *YO| ‘asn 821n0sal aseayieay ‘NYOH ‘Aydeibowol paindwod ‘1D suoneIAsIgqgY

(L01-55) G2 (69-v€) LY (zg-81) 2 (91-€) £ (zv-9) 81 (401) uepay

100" > (8'ov) L'v8 (e9e) el (L98) v'1y (sve) 8t (7€) g0e (as) ueay

666" < (0'001) STT (0'00T) 602 (0'00T) 1S (0'00T) G€0'T (000T) €£28'T syuaired 4o (%) v
USIA PO

(z-0) 1T (-0t (z-0)tT (T-0) 0 (T-0) 1T (401) uepay

00’ (ce 1) L0T (0zT) 00T (or1) 50T (e0T) VL0 (61'1) 88°0 (as) uesn

910’ (T'65) 89 (8'69) 21 (509) TTE (e'Lv) 06¥ (T°€9) v66 syuaired 4o (%) v

ISIA 1UN 848 BAISUSIU|

a7 (9-2) ¢ (s2)¢ 1De (s1me (401) ueipay
100" > (09€) Sy (67'%) LSV (Lee)eLe (€92) 1672 (zze) ove (as) uesy
600° (596) TTT (€7¢6) S6T (2'68) 197 (2'68) €26 (2'06) 069'T syuaned Jo (%) V

1SIA Juawiaedap Adusbaswg

(0'8-8'%7) 0’9 (56-0'9) L9 (701-99) §L (0€T-09) ¥'8 (§T1-99) 08 (401) ueipay
100" > onT1L (8€) 9L (67) L8 (e'8) 60T (02) 96 (as) uesy

xm\?ﬁ ‘Aeys reudsoy Jo yibus

(9-¢) v (52 v (s2)¢ (eTme 1e (401) ueipay
100" > (zre) esy (toe) ety (es2) 19 (06T) 252 (eva)vre (as) uesy
600° (€'86) €TT (2'56) 002 (2'96) L6V (L'16) 6Y6 (6'€6) 6GL'T syuaned Jo (%) V

uoissiwpe [endsoH

(7-0) T (z-0) 0 (T-0) 0 (0-0) 0 (0-0)0 (401) uepay

700" > (t6'2) 0T°C (s7'1) v6°0 (LT'1) 95°0 (0) 210 (ezm)9v0 (as) ueay

100" > (2'58) ¥9 (Tzv) 88 (s0g) 28T (T'o1) S0t (T'22) v1v syuaired 4o (9%6) v
uess | 9-13d

(z-0)1T (T-0) 0 (T-0) 0 (0-0) 0 (T-0) 0 (401) uepay

700" > (erd) 62T (95'7) 160 (90'1) 29°0 (¥2°0) €0 (Tr1)vso (as) ueay
Adesayowsyd ON sA+€1071  (STT = NU) (60z = u) (¥15=U) (se0'T=U) (€28'T=N) NYOH

‘anfen-d +€1071 Auo 210127171071 AUOTLOT  Adessypowsyd oN  syusired IV

VA Author Manuscript VA Author Manuscript VA Author Manuscript

J Med Econ. Author manuscript; available in PMC 2020 July 27.



Page 19

Aly etal.

‘yruow Jad juaired Jad ‘|Nddd ‘Adelayl Jo aul] ‘1O ‘SuoRINBIGQY

2L (2) 86 (@111 (1) 20T (2) ve6v (2) oze sbnp uondiosaid
100" > (MeL (1) 29 (1) 66 (™ eyt (M se1T wswdinbs [edlpsw sjgelna
100" > () seT (€) €67 (e) sve (v) ger't (¥) 61L a91dsoH
e (€) 691 (¢) 991 (€) 992 (¢) 09 (2) vev Uyeay swoH
100" > (61T) TET'T (¥1) €50'T (1) L20'T (¥) vSoT (9) 1s50't usiedinO
119’ (68) 8YE'T (ee) z1v'e (s2) 09e'e (67) S91'S (T2) 016°€ uerdisyd
100" > (¥€) 250'C (sv) eze'e (29) L6v'S (89) 929'8T (s9) sLe'er jusiedul
100" > (001) 270'9 (00T) Geg'L (001) T09'6 (oot) TT2'L2 (00T) L28'8T (%) $ ‘Nddd S1s00 uBs N
100" > (2) seo'e (2)avs'e (2) c08'T (1) 869 (@) 18¢8'T sbnup uonduosaid
100" > (1) ese'e (1) 569'1 (@) s9L'T (1) 0ss @171 swdinbs [eapsw sjgeana
a8t (c) sve'e (€) o9z'e (@) e1€'C (9) vzo'e (¥) soz'e a91dsoH
100" > (€) oLv'y (2) L66'C (€) vse'e (¥) evo'e (e) Te9'e UHeay swoH
100" > (81) €50'0€ (sT) 52761 (en) 18T'CT (9) L9g'¢ (T1) esT'6 snedinO
100 > (6€) €20'79 (e€) z8'07 (L2) vSL'9e (81) £80°0T (92) 9zv'1e uerdisyd
100" > (se) eTL'08 (¥¥) 9v9'vS (zg) 991'1S (¥9) 6€8'9¢ (e9) 066'c jusiredu]
100" > (00T) ¥88'€9T (00T) 06T'GCT (001) £T2'66 (00t) 80225 (00T1) 21628 (%) $ 's1500 BN
- 02 79T 81T L€ . syiuow ‘awiy dn-mojjo} ueipaiN
Adesayiowsyd oN A +€1071 (sTT=U) (602 = u) (F16=U) (5e0'T =) (€28'T=N)
‘anfen-d +€1071 Aluo 210121107 AUOTLOT  Adessylowsyd oN  sjudled IV

*A10681e0 1509 pue paaisdal | O wnwixew Ag dn-mojjo ainua ayr Bulinp Nddd pue wusied Jad ($SN) S1S09 aJedyijesy Uesiy

VA Author Manuscript

‘€ 9lqeL

VA Author Manuscript

VA Author Manuscript

J Med Econ. Author manuscript; available in PMC 2020 July 27.



	Abstract
	Introduction
	Methods
	Database
	Study design
	Lines of therapy
	Baseline characteristics
	Overall survival
	Costs and HCRU
	Statistical analysis

	Results
	Study population
	Treatment patterns
	Overall survival
	Healthcare resource use
	Healthcare costs
	During the entire follow-up
	By duration of each line of therapy


	Discussion
	Conclusions
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.

