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Background: As real-world data resources expand and improve, there will increasingly be
opportunities to study the effectiveness of interventions. There is a need to ensure that study
designs explore potential sources of bias and either acknowledge or mitigate them, in order
to improve the accuracy of findings. The objective of this study was to understand newly
approved drug utilization patterns in real-world clinical settings over time.

Methods: This retrospective study included three sources of real-world data (claims, electro-
nic health records, and recoded data from a quality care program) collected from patients
diagnosed with gastric cancer who initiated therapy with either trastuzumab or ramucirumab.
Linear regression was used to investigate trends in the use of these drugs for the care of
patients with gastric cancer over time from Food and Drug Administration (FDA) approval.
Results: Eligible patients (n=1700) had consistent demographic and clinical characteristics
over time. After regulatory approval, trastuzumab was used in later lines of therapy and then
shifted to earlier lines (p=0.002), while ramucirumab utilization remained consistent over
time after FDA approval (p=0.49). Ramucirumab augmentation, defined as the addition of
the drug after initiation of a line of therapy, decreased over time (p=0.03), and trastuzumab
augmentation remained consistent over time (p=0.58).

Conclusion: Since treatment effectiveness may change across lines of treatment, bias may
arise if there are changes in the use of the drug (such as line migration) during the time
period of analysis using real-world data.

Keywords: gastric cancer, trastuzumab, ramucirumab, bias, real-world data

Plain Language Summary

The process of incorporating new drugs into clinical practice varied in gastric cancer. This study
utilized several real-world data sources to investigate trends of utilization of drugs for the care of
patients with gastric cancer over time. Trastuzumab migrated from later to earlier lines of therapy
over time, although eligible patients had consistent demographic and clinical characteristics,
while ramucirumab did not change over time. Such differences in treatment patterns over time or
across therapies should be taken into account when estimating comparative effectiveness using
real-world data in order to avoid bias. If not considered, bias may arise if there are changes in the

use of the drug (such as line migration) during the time period of analysis.

Introduction

The benefits and risks of health care interventions in a real-world population may
not become apparent for some time after approval.'* Clinical trials that support
product registration provide data on the safety and efficacy of an intervention, but
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because less than 1% of cancer patients participate in
trials, they have limited generalizability for the broader
population of eligible patients.® This is also a concern with
rare diseases, where a limited number of higher-volume
clinics may participate in trials but these clinics may not
reflect the broader diversity of the patient population.®

As a result, comparative effectiveness research and ben-
efit-risk assessment have increasingly turned to the use of
big data. Big data sources include a range of real-world
databases, such as health care insurance claims and electro-
nic health records (EHR), which contain data collected as
part of the routine process of providing and paying for
health care. Increasingly, researchers are using big data to
enhance the ability to understand how drugs, procedures or
other interventions perform in non-experimental, real-
world conditions (ie, outside of a controlled research
setting).* These datasets can provide the ability to answer
certain research questions in a timely and less costly manner
than a prospective clinical trial, and may help to understand
the need for or to inform the development of randomized
trials.” Additionally, larger databases enable the study of
smaller subgroups, or patients with rare comorbidities or
conditions, that may not have participated in the clinical
trial in sufficient numbers, and thereby may support the
exploration of patient populations that may ultimately ben-
efit the most from the new treatment or intervention.®

These real-world data are collected in real time and
therefore may enable knowledge of the risks and benefits
to become evident sooner than would have taken place
with a systematic or prospective study. A key objective for
retrospective analyses of a new drug using big data is to
reveal the pattern by which the new drug is incorporated
into routine clinical practice. It is fundamentally important
that the observed outcomes reflect the true real-world
utilization and are not an artifact of a biased trial
sample.’” For example, health care providers may be cau-
tious about a new drug and use it in only the healthiest
patients. Alternatively, a newly approved drug may be
used in refractory patients due to the lack of other viable
treatment options. This is of particular concern in a disease
with high unmet need. As a result, there could be an
overestimate of benefit and underestimate of risk com-
pared to other therapies or no treatment, or vice versa,
until providers become familiar with the drug and are
better able to identify the optimal patient for the new
treatment. This potential bias should be considered at the
study design stage, particularly if the analysis is conducted
shortly after the approval of a new drug.

A number of treatment options are being developed for
gastric cancer, for which there have been few approved drugs
over the past decade. In October 2010, trastuzumab
(Genentech, San Francisco, CA, USA) received an FDA
approval for use as first-line treatment in combination with
a fluoropyrimidine and cisplatin in patients with HER2-
overexpressing metastatic gastric or gastroesophageal junction
(GEJ) adenocarcinoma, in addition to its existing approval for
the treatment of patients with HER2-overexpressing breast
cancer from September 1998. In April 2014, ramucirumab
(Eli Lilly and Company, Indianapolis, IN, USA) was first
approved as a single agent by the FDA for the treatment of
patients with advanced gastric or GEJ adenocarcinoma after
prior fluoropyrimidine- or platinum-containing chemotherapy,
and in November 2014 was approved in the same setting in
combination with paclitaxel. These agents were selected for
study as they were the newest agents that received FDA
approval in the setting of gastric cancer at the time of this
study. While clinical trial data demonstrate the efficacy of
these drugs, it is important for manufacturers, providers,
payers, and patients to understand the effectiveness of new
drugs in routine practice, and to compare their outcomes
against other recommended therapies. Given the small patient
population and the high variability in treatment of gastric and
GEJ cancers, it is not feasible to expect a series of randomized
trials to be conducted against all relevant treatment options.
The ability to conduct comparative effectiveness research to
answer these important questions may rely on claims or EHR
data.

This study investigated the potential risk of bias due
to changes in how providers select patients for new
therapies shortly after their initial FDA approval. The
specific objectives were to characterize the demographic
and clinical characteristics of patients receiving trastu-
zumab or ramucirumab in the initial years after their
respective approvals in these indications, and to com-
pare the treatment patterns and patient populations over
time.

Methods

A retrospective cohort study evaluated longitudinal phar-
macy and medical data from three sources: claims data
from the HealthCore Integrated Research Database; clin-
ical data from a Cancer Care Quality Program contained in
the HealthCore Integrated Research Environment; and
EHR data from the Flatiron Health Advanced Gastric/
Esophageal Cancer Cohort.
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HealthCore Integrated Research
Database (HIRD)

The HIRD contains administrative claims data from 14
health plans in the Northeast, Midwest, South and West
regions of the US starting in January 2006 and represents
claims information from one of the largest commercially
insured populations in the US. As with all claims data
sources, limited clinical variables are collected. The HIRD
contains data for both trastuzumab and ramucirumab.

Cancer Care Quality Program (CCQP)

The CCQP utilizes cancer treatment pathways, selected
based upon current clinical evidence, published literature,
and national guideline recommendations. Evidence-based
quality care is supported via additional reimbursement per
patient for prescribed treatment regimens that align with
the identified pathway. Data are entered into the CCQP
system when physicians request approval for this pathway-
based enhanced reimbursement as well as prior authoriza-
tion for various cancer treatments. This program has been
implemented in all of the health plans represented in the
HealthCore
September 2015. As the CCQP was implemented several

Integrated Research Environment since
years after the approval of trastuzumab, only ramucirumab
could be evaluated using this data source.

Flatiron Health Electronic Health Records

(EHR)
The Flatiron Health Advanced Gastric/Esophageal Cancer
Cohort is a subset of the overall Flatiron Health Database
that includes a geographically diverse sample of over 7500
patients with advanced gastric/GEJ/esophageal cancer at
community oncology and academic cancer centers in the
US. The database includes patients whose advanced cancer
diagnoses occurred on or after January 1, 2011 and who
have two or more visits documented in the EHR during
that time period. Due to the lack of data prior to 2011,
trastuzumab could not be studied in this database, as data
are not available at and following its initial approval in
gastric cancer.

Eligibility Criteria

Eligible patients in the HIRD were age 18 or older with
a diagnosis of gastric or GEJ cancer (ICD-9-CM code 151.
xx; ICD-10-CM codes: C16.x). The trastuzumab claims
cohort included patients who received trastuzumab at any
time between January 1, 2010 and March 31, 2017 (to allow

for follow-up data until July 31, 2017, the most recently
available data at the time of the analysis). While trastuzumab
was approved in October of 2010, January was used as the
start date as the drug was FDA approved for other indications,
and the clinical trial results were published in 2009:® therefore,
any early users would have been missed with a later start
period. Patients were ineligible for the trastuzumab cohort if
they received trastuzumab prior to 2010 or if they were diag-
nosed with breast cancer at any time. Patients were eligible for
the ramucirumab claims cohort if they received ramucirumab
between January 1, 2014 and March 31, 2017, and were
ineligible if they received ramucirumab prior to 2014 or if
they were diagnosed at any time with lung or colorectal cancer
(ramucirumab was subsequently approved for use by the FDA
in these tumor types during the study period). Of note, ramu-
cirumab did not have a Healthcare Common Procedure
Coding System (HCPCS) J-code assigned until January 1,
2016. C9025 was a temporary HCPCS code in effect between
October 1, 2014 and December 31, 2015 and was replaced by
J9308 on January 1, 2016 as the permanent HCPCS codes for
ramucirumab. Therefore, HCPCS codes C9025 and J9308
were used in combination with National Drug Code (NDC)
and Generic Product Identifier (GPI) codes to identify ramu-
cirumab in claims.

Eligibility criteria for the CCQP cohort and the Flatiron
EHR cohort were similar; patients were age 18 or older with
a diagnosis of gastric, GEJ or esophageal adenocarcinoma
who received ramucirumab. These criteria were evaluated
from April 21, 2014 through March 31, 2018 for the EHR
and from June 23, 2014 through April 13, 2018 for CCQP,
based on data completeness and availability of datasets.
A complete trastuzumab cohort could not be identified in
either the CCQP or EHR data due to the lack of data
coinciding with the time of FDA approval for gastric/GEJ
adenocarcinoma. Therefore, four cohorts from three data
sources were included in this study: trastuzumab claims;
ramucirumab claims; ramucirumab CCQP data; and ramu-
cirumab EHR data.

Definition of Treatment Regimens

The first observed claim or infusion for trastuzumab or
ramucirumab was set as the index date in each database,
respectively. Descriptive analyses were conducted for each
annual cohort of patients receiving trastuzumab as defined
by calendar year of index date, as well as for all patients
combined. For the ramucirumab cohorts, the time periods
were divided into half-year increments (except for the
CCQP cohort, which used annual periods) due to the shorter
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duration of follow up since the date of FDA approval.
Treatment regimens were defined by the chemotherapy,
biologic and/or targeted agents received, including route
of administration (intravenous versus oral), within 28 days
of the start of therapy.

Fluoropyrimidine agents (capecitabine and 5-FU) were
considered to be equivalent as were the platinum agents of
carboplatin and cisplatin. The initial therapy received after
the first evidence of advanced gastric/GEJ cancer diagnosis
was defined as the first line of therapy. A line of therapy
ended when either the patient discontinued all treatment for
42 days or more, or the patient added a new drug to the
regimen, while maintaining at least one of the initial regi-
men drugs. Removal of some, but not all, drugs in
a regimen did not constitute a change in line of therapy.
The date of the addition of the new agent was considered
the start of the next line of therapy, with the exception of the
addition of a biologic or targeted agent to the chemotherapy
regimen, which was considered augmentation and did not

advance the line of therapy the patient was receiving.

Statistical Analysis

Descriptive statistics included mean, standard deviation
(SD), median, and range for continuous variables, and
frequency count and percentage for categorical variables.

Claims data

Statistical testing of patient characteristics across the time
periods (annual for trastuzumab and the CCQP ramuciru-
mab cohort, bi-annual for all other ramucirumab cohorts)
was conducted using a chi-squared or Fisher’s exact test
for categorical variables and F-test for continuous vari-
ables. Linear regression was used to investigate trends in
trastuzumab use over time (percent of patients using tras-
tuzumab in first line in claims). Post-hoc testing for the
time from initial diagnosis to first chemotherapy in claims
was conducted using Tukey’s honestly significant differ-
ence (HSD) test, in order to explore which years or half-
years were significantly different from each other while
accounting for multiple pairwise comparisons. The dura-
tion of treatment was calculated in days with a restricted
mean survival time (RMST) and SD and compared over
time using a Log-rank test. The treatment duration time
period was defined as the difference between the date of
the first infusion to the date of the last infusion plus 1 day.
An alpha level of <0.05 was defined to identify statistical
significance. All analyses were conducted using SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
A total of 1700 patients were identified across the four study
cohorts (Figure 1). Table 1 provides the demographic and

Electronic health records

CCQP data

Patients with >1
trastuzumab fill
N=15,920

Patients with >1
ramucirumab claim
N=758

l

]

Patients with 21
preauthorization for
ramucirumab
N=912

Patients with gastric/GEJ
cancer in database
N=7116

]

Age 18+ years
N=15,914

Age 18+ years
N=757

}

l

]

Gastric cancer diagnosis
N=538

Gastric cancer diagnosis
N=357

Age 18+ years
N=244

Patients with 21
administration of
ramucirumab
N=738

}

}

l

]

Exclude prior
trastuzumab use
N=514

Exclude prior
ramucirumab use
N=354

Gastric cancer diagnosis
N=244

Age 18+ years
N=738

]

]

Exclude breast cancer
diagnosis
N=501

Exclude lung or colorectal
cancer diagnosis
N=287

CCQP=Cancer Care Quality Program; GEJ=gastroesophageal junction

Figure | Flow chart of patient eligibility.

]

Exclude prior
ramucirumab use
N=737

]

Exclude no follow up
N=668
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Table | Trastuzumab Claims Cohort, Overall and by Index Year

Demographic and Clinical Characteristics

Overall 2010 2011 2012 2013 2014 2015 2016 2017 p-value®
N 501 24 51 49 76 84 82 87 48
Age at index date in years,
mean (SD) 6l.1 (11.7) | 593 (11.6) | 60.2 (10.8) [ 61.9(10.5) | 60.9 (12.4) | 61.8(129) | 61.9(11.0) | 620 (I11.5) | 585 (12.3) | 0.70
Gender, n (%)
Female 95 (19.0) 4 (16.7) 9 (17.6) 9 (18.4) 1 (14. 13 (15.5) 16 (19.5) 19 (21.8) 14 (29.2) 0.59
Male 406 (81.0) 20 (83.3) 42 (82.4) 40 (81.6) 65 (85.5) 71 (84.5) 66 (80.5) 68 (78.2) 34 (70.8)
Health plan type, n (%)
HMO 108 (21.6) 6 (25.0) 12 (23.5) 6 (12.2) 16 (21.1) 15 (17.9) 20 (24.4) 22 (25.3) 11 (22.9) 0.70
PPO 341 (68.1) 17 (70.8) 37 (72.5) 34 (69.4) 52 (68.4) 60 (71.4) 57 (69.5) 54 (62.1) 30 (62.5) 0.86
CDHP 51 (10.2) I (42) 2 (39) 9 (18.4) 8 (10.5) 9 (10.7) 4 (4.9) 11 (12.6) 7 (14.6) 0.14
Other 1(0.2) 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 1(1.2) 0 (0) 0(0) 0.66
Non-commercial enroliment, n (%)
Medicare Advantage, 119 (23.8) 7(29.2) 14 (27.5) 19 (38.8) 22 (28.9) 17 (20.2) 20 (24.4) 14 (16.1) 6 (12.5) 0.04
Supplemental, or Part D
Geographic region, n (%)
Northeast 93 (18.6) 4 (16.7) 6 (11.8) 8 (l6.3) 19 (25.0) 12 (14.3) 10 (12.2) 23 (26.4) 11 (22.9) 0.13
Midwest 143 (28.5) 8 (33.3) 16 (31.4) 15 (30.6) 23 (30.3) 29 (34.5) 22 (26.8) 20 (23.0) 10 (20.8) 0.66
South 136 (27.1) 6 (25.0) 7 (13.7) 15 (30.6) 17 (22.4) 23 (27.4) 28 (34.1) 25 (28.7) 15 (31.3) 0.30
West 129 (25.7) 6 (25.0) 22 (43.1) 11 (22.4) 17 (22.4) 20 (23.8) 22 (26.8) 19 (21.8) 12 (25.0) 0.20
Site of care at index infusion, n (%)
Physician office visit 236 (47.1) 15 (62.5) 28 (54.9) 23 (46.9) 36 (47.4) 40 (47.6) 23 (28.0) 49 (56.3) 22 (45.8) 0.01
Outpatient hospital 254 (50.7) 7(29.2) 22 (43.1) 25 (51.0) 38 (50.0) 43 (51.2) 57 (69.5) 36 (41.4) 26 (54.2) 0.005
Inpatient hospital/ER 1(0.2) 0 (0) 0 (0) 1 (2.0) 0 (0) 0(0) 0(0) 0 (0) 0 (0) 0.24
All other locations 10 (2.0) 2 (83) I (2.0) 0 (0) 2 (2.6) 1(1.2) 2 (24) 2 (23) 0 (0) 0.47
Time from initial diagnosis to index infusion, days
Median (IQR) 47.0 207.0 57.0 76.0 54.0 41.5 41.0 46.0 41.5
(126.0) (205.5) (172.0) (194.0) (96.5) (139.5) (62.0) (76.0) (69.5)
Mean (SD) 96.2 167.8 117.1 130.5 922 95.9 75.1 79.6 76.2 0.002
(113.8) (139.3) (123.13) (132.8) (96.1) (117.2) (105.6) (96.1) (113.7)
Follow up time period, days
Median (IQR) 273.0 231.0 234.0 258.0 286.5 326.0 362.0 238.0 220.5
(349.0) (422.0) (344.0) (411.0) (414.5) (523.0) (498.0) (317.0) (139.0)
Mean (SD) 368.1 390.0 360.4 393.7 399.4 420.2 4339 295.0 2182 0.004
(329.1) (430.0) (355.5) (401.6) (391.3) (354.1) (309.8) (203.2) (90.8)
Quan Charlson Comorbidity Items, n (%)
Myocardial infarction 22 (4.4) 0 (0) 4(7.8) 1 (2.0) 1(1.3) 9 (10.7) 337 1 (1.1) 3(63 0.04
Congestive heart failure | 48 (9.6) I (4.2 (11.8) 3(6.1) 7(92) 7 (83) 12 (14.6) 9 (10.3) 3(6.3) NE
Peripheral vascular 68 (13.6) I (42) 7 (137 2 (4.1) 10 (13.2) 1 (13.1) 14 (17.1) 14 (16.1) (18.8) 0.33
disease
Cerebrovascular disease 45 (9.0) 0 (0) 2 (39) 6 (12.2) 11 (14.5) 8 (9.5) 9 (11.0) 6 (6.9) 3(6.3) NE
Dementia 2 (0.4) 0 (0) 0 (0) 1 (2.0) 0 (0) 0 (0) 1(1.2) 0 (0) 0 (0) 0.44
Chronic pulmonary 101 (20.2) 2(83) 14 (27.5) 9 (18.4) 13 (17.1) 17 (20.2) 20 (24.4) 16 (18.4) 10 (20.8) 0.6l
disease
(Continued)
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Table | (Continued).

Demographic and Clinical Characteristics

Overall 2010 2011 2012 2013 2014 2015 2016 2017 p-value®
N 501 24 51 49 76 84 82 87 48
Connective tissue/ 5(1.0) 0(0) 0(0) 0 (0) 1(1.3) 2 (24) 0 (0) I (1.1) 1(2.1) 0.80
rheumatic disease
Peptic ulcer disease 57 (11.4) 2(83) 9 (17.6) 4(82) 8 (10.5) 9 (10.7) 8 (9.8) 12 (13.8) 5(10.4) 0.83
Liver disease
Mild 165 (32.9) 4 (16.7) 18 (35.3) 19 (38.8) 27 (35.5) 25 (29.8) 26 (31.7) 27 (31.0) 19 (39.6) 0.60
Moderate or severe 4(0.8) 0 (0) 2 (39 1 (2.0) 0(0) 0 (0) 0 (0) I (1.1) 0 (0) 0.17
Paraplegia and 3 (0.6) 0(0) 2 (3.9) 0 (0) 0 (0) 0(0) 0 (0) I (1.1) 0(0) 0.18
hemiplegia
Renal disease 27 (5.4) 2 (83) 0(0) 1 (2.0) 8 (10.5) 7 (8.3) 4 (49 4 (4.6) I @.1) NE
Diabetes
Diabetes without 111 (22.2) 4 (16.7) 11 (21.6) 13 (26.5) 20 (26.3) 19 (22.6) 18 (22.0) 15 (17.2) 11 (22.9) 0.89
chronic complications
Diabetes with chronic 18 (3.6) 0 (0) 3 (59 0(0) 339 3(3.6) 2 (2.4) 4 (4.6) 3 (6.3) 0.68
complications
Cancer 410 (81.8) 22 91.7) 41 (80.4) 45 (91.8) 63 (82.9) 68 (81.0) 62 (75.6) 71 (81.6) 38 (79.2) 0.39
Metastatic carcinoma 407 (81.2) 20 (83.3) 42 (82.4) 43 (87.8) 63 (82.9) 63 (75.0) 64 (78.0) 70 (80.5) 42 (87.5) 0.59
AIDS/HIV 2 (0.4) 0 (0) 0 (0) 1 (2.0) 1 (1.3) 0(0) 0(0) 0(0) 0(0) 0.32
Quan Charlson 8.0 (3.1) 7.6 (2.8) 8.3 (3.5) 85 (23) 83 (34) 7.6 (3.4) 7.7 (33) 79 (29) 83 (27) 0.6l
Comorbidity Index,
Mean (SD)"
Procedures during 6-month baseline period, n (%)
Surgery (resection; 99 (19.8) 2 (83) 6 (11.8) 7 (14.3) 14 (18.4) 13 (15.5) 12 (14.6) 28 (32.2) 17 (35.4) 0.002
gastrectomy)
Radiation 129 (25.7) 8(33.3) 16 (31.4) 11 (22.4) 16 (21.1) 20 (23.8) 22 (26.8) 26 (29.9) 10 (20.8) 0.74
HER2 testing 321 (64.1) 12 (50.0) 33 (64.7) 30 (61.2) 53 (69.7) 53 (63.1) 46 (56.1) 63 (72.4) 31 (64.6) 031

Treatment patterns

Line of therapy in which trastuzumab was initiated, n (%)

First line 353 (70.5) 12 (50.0) 30 (58.8) 31 (63.3) 56 (73.7) 58 (69.0) 59 (72.0) 71 (81.6) 36 (75.0) 0.03
Second line 105 (21.0) 4 (l6.7) 14 (27.5) 9 (18.4) 18 (23.7) 20 (23.8) 18 (22.0) 13 (14.9) 9 (18.8) 0.71
Third line 32 (6.4) 4 (l6.7) 7 (13.7) 6 (12.2) 2 (2.6) 4 (4.8) 4 (4.9) 3 (34) 2 (42) NE
Fourth line 6(1.2) 2 (83) 0 (0) 0 (0) 0 (0) 2 (24) 1 (1.2) 0 (0) 1 (2.1) NE
Fifth line 4 (0.8) 1 (42) 0 (0) 3 (6.1) 0 (0) 0(0) 0 (0) 0 (0) 0 (0) NE
Sixth line 1 (0.2) 1 (4.2) 0 (0) 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 0 (0) NE
Regimen in which trastuzumab was initiated®, n (%) NE
Trastuzumab+FOLFOX 115 (23.0) 0(0) 12 (23.5) 5(10.2) 13 (17.1) 22 (26.2) 18 (22.0) 27 (31.0) 18 (37.5)
Trastuzumab only 81 (16.2) 4 (l6.7) 7 (13.7) 8 (l6.3) 14 (18.4) 15 (17.9) 16 (19.5) 13 (14.9) 4 (83)
Trastuzumab+platinum+ 55 (11.0) 4 (16.7) 8 (15.7) 8 (l6.3) 11 (14.5) 5 (6.0) 4 (4.9 I (12.6) 4 (83)
fluoropyrimidine
FOLFOX 47 (94) 0 (0) 1 (2.0) 4 (82) 10 (13.2) 6 (7.1) 9 (11.0) 10 (11.5) 7 (14.6)
Trastuzumab+platinum 34 (6.8) 0 (0) 5(9.8) 4(82) 6 (7.9) 6 (7.1) 4 (4.9 6 (6.9) 3(6.3)
Trastuzumab+oxaliplatin 15 (3.0) 0 (0) 1 (2.0) 3 (6.1) 1(1.3) 2 (24) 3(3.7) 2 (23) 3 (6.3)
Trastuzumab+platinum+ 15 (3.0) 1 (4.2) 3 (5.9) 0 (0) 4(5.3) 7 (83) 0 (0) 0 (0) 0 (0)
paclitaxel
Platinum+ 14 (2.8) 2 (83) 0 (0) 1 (2.0) 1(1.3) 2 (24) 2 (24) 4 (4.6) 2 (42)
fluoropyrimidine
Platinum 12 (2.4) 2 (83) 0 (0) 0 (0) 1(1.3) 1(1.2) 4 (4.9) 3 (34) 1 (2.1)
(Continued)
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Table | (Continued).

Demographic and Clinical Characteristics
Overall 2010 2011 2012 2013 2014 2015 2016 2017 p-value®
N 501 24 51 49 76 84 82 87 48
Platinum+paclitaxel 10 (2.0 0 (0) 2(39) 4(82) 2 (2.6) 1(1.2) 1(1.2) 0 (0) 0(0)
Trastuzumab+irinotecan 9(1.8) 2 (8.3) 0 (0) 1 (2.0) 2 (2.6) 1(1.2) 1 (1.2) 2 (2.3) 0 (0)
Fluoropyrimidine 6(1.2) 0(0) 2(39) 0(0) 0(0) 2 (24) 0(0) 1 (1.1) 1 @2.1)
Oxaliplatin+epirubicin+ 6 (1.2) 0 (0) 1 (2.0) 1 (2.0) 0(0) 0 (0) 2 (2.4) 1 (1.1) 1 (2.1)
fluoropyrimidine
Trastuzumab+oxaliplatin 6(1.2) 0 (0) 0 (0) 0 (0) 2 (2.6) 1(1.2) 337 0 (0) 0 (0)
+ epirubicin+
fluoropyrimidine
Trastuzumab+paclitaxel 6(1.2) I (42) 1 (2.0 1 (2.0 0 (0) 3(3.6) 0(0) 0(0) 0(0)
Oxaliplatin 5 (1.0) | (42) 0(0) 0(0) 1(1.3) 0(0) 337 0(0) 0(0)
Fluoropyrimidine 4(0.8) 2 0(0) 0(0) 0 (0) 0(0) 0 (0) 0 (0) 2 (42)
+irinotecan
Augmentation with 121 (24.2) 8 (33.3) 9 (17.6) 14 (28.6) 19 (25.0) 15 (17.9) 22 (26.8) 20 (23.0) 14 (29.2) 0.58
trastuzumab®, n (%)
Duration of trastuzumab therapy, days
RMST (SD) 403.6 393.0 386.7 3742 379.5 369.4 3129 268.1 157.4 0.99
(27.8) (118.3) (69.4) (59.1) (47.5) (46.5) (29.7) (24.0) (13.1)

Notes: “p-values were based on p-values were based on F-test for continuous variables and Chi-squared/Fisher-exact test for categorical variables. Duration of trastuzumab
therapy was compared using a Log-rank test. PGastric cancer codes (International Classification of Disease, ICD-9-CM, clinical modification: I51; ICD-10-CM: C16) were
excluded from the standard Quan Charlson Comorbidity Index coding algorithm in identifying cancer conditions. “Limited to regimens with n>1. “Trastuzumab was added to
the chemotherapy regimen. Bolded text represents column headers and p-values <0.05.

Abbreviations: HMO, health maintenance organization; PPO, preferred provider organization; CDHP, consumer-directed health plan; SD, standard deviation, IQR,
interquartile range; AIDS/HIV, acquired immune deficiency syndrome/human immunodeficiency virus; HER2, human epidermal growth factor receptor 2; ER, emergency
room; FOLFOX, fluoropyrimidine + oxaliplatin; NE, not estimable; RMST, restricted mean survival time.

clinical characteristics of the 501 eligible patients in the
trastuzumab claims cohort overall as well as by year of
initiation of trastuzumab. Table 2 provides characteristics
of the ramucirumab claims cohort (n=287); characteristics
of the ramucirumab CCQP (n=244) and EHR cohorts
(n=668) are in Tables 3 and 4. Patients were on average
61, 60, 57 and 64 years of age in the trastuzumab claims,
ramucirumab claims, ramucirumab CCQP and ramuciru-
mab EHR cohorts, respectively. In all datasets, most
patients were male. Demographic characteristics were rela-
tively consistent across date of trastuzumab or ramucirumab
initiation in all cohorts (Tables 1-4). Similar to trends in
oncology in general,”'? the place of infusion shifted over
time from the physician office to the outpatient hospital
setting across the claims dataset. Additionally, the composi-
tion of insurance plan types was statistically different dur-
ing the time periods evaluated. The proportion of patients
receiving trastuzumab as first line was significantly differ-
ent during the periods evaluated (Table 1); for ramucirumab
(Tables 2 and 3), utilization seemed to move from fourth

and higher lines into both first- and second-line therapy. The
duration of therapy did not vary over the time periods
evaluated for trastuzumab or ramucirumab in claims,
CCQP or EHR data. Treatment augmentation changed
with ramucirumab (p=0.03, Table 2), but not with trastuzu-
mab (p=0.58, Table 1).

As shown in Tables 1 and 2, the time from initial
diagnosis to initiation of trastuzumab therapy was signifi-
cantly different during the periods evaluated (p=0.002) but
was not different across time periods for ramucirumab
(p=0.49). Tukey’s HSD confirmed that for trastuzumab
there were significant differences between the year 2010
and the years 2013-2017 in terms of the mean time from
diagnosis to therapy initiation (p<0.05); for ramucirumab,
the test found no significant differences in this metric
across years.

As demonstrated in Figure 2, the trend to earlier lines of
therapy was evident for trastuzumab for earlier years (2010—
2013) versus after 2013 (p=0.03 for a comparison of trend

lines from linear regression). Although less clear for
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Table 2 Ramucirumab Claims Cohort, Overall and by Index Half-Year

Demographic and Clinical Characteristics

Overall April - January - July - January - July - January - p-value®
December 2014 | June 2015 December 2015 | June 2016 December 2016 | April 2017

N 287 38 50 41 71 47 40

Age at index date, years
Mean (SD) 60.0 (11.1) 585 (8.7) 59.0 (12.3) 58.6 (12.0) 59.7 9.7) 61.3(11.6) 632 (12.1) 0.33

Gender, n (%)

Female 72 (25.1) 7 (18.4) 11 (22.0) 10 (24.4) 15 21.1) 12 (25.5) 17 (42.5) 0.15
Male 215 (74.9) 31 (81.6) 39 (78.0) 31 (75.6) 56 (78.9) 35 (74.5) 23 (57.5)

Health plan type, n (%) 0.01
HMO 56 (19.5) 6 (15.8) 8 (16.0) 11 (26.8) 10 (14.1) 4 (8.5) 17 (42.5) 0.001
PPO 186 (64.8) 26 (68.4) 33 (66.0) 26 (63.4) 46 (64.8) 35 (74.5) 20 (50.0) 0.30
CDHP 45 (15.7) 6 (15.8) 9 (18.0) 4(9.8) 15 21.1) 8 (17.0) 3(7.5) 0.42

Non-commercial enrollment, n (%)

Medicare Advantage, 52 (18.1) 7 (18.4) 6 (12.0) 7(17.1) 9 (127) 10 21.3) 13 (32.5) 0.13

Supplemental, or Part D

Geographic region, n (%)

Northeast 56 (19.5) 6 (15.8) 13 (26.0) 12 (29.3) 13 (18.3) 5 (10.6) 7 (17.5) 0.25

Midwest 60 (20.9) 8 (21.1) 5 (10.0) 6 (14.6) 18 (25.4) 11 (23.4) 12 (30.0) 0.18

South 80 (27.9) 12 (31.6) 14 (28.0) 11 (26.8) 21 (29.6) 10 (21.3) 12 (30.0) 091

West 91 31.7) 12 (31.6) 18 (36.0) 12 (29.3) 19 (26.8) 21 (44.7) 9 (22.5) 026
Site of care at index infusion, n (%)

Physician office visit 112 (39.0) 14 (36.8) 11 (22.0) 13 (31.7) 29 (40.8) 25 (53.2) 20 (50.0) 0.02

Outpatient hospital 170 (59.2) 22 (57.9) 38 (76.0) 27 (65.9) 41 (57.7) 22 (46.8) 20 (50.0) 0.05

Inpatient hospital/ER 1(03) 0(0) 1 (2.0) 0(0) 0(0) 0(0) 0(0) 0.75

Al other locations 4 (1.4) 2(5.3) 0 (0) 1 (24) I (1.4) 0 (0) 0(0) 0.26
Time from initial diagnosis to index infusion, days

Median (IQR) 232.0 (225.0) 254.0 (214.0) 255.5 (248.0) 201.0 (185.0) 242.0 (289.0) 238.0 (167.0) 218.0 (257.0)

Mean (SD) 217.7 (123.6) 225.6 (121.4) 222.8 (134.7) 204.4 (116.8) 206.5 (137.2) 246.8 (84.0) 203.5 (1323) | 049
Follow-up time period, days

Median (IQR) 160.0 (174.0) | 114.0 (123.0) 251.5 (225.0) | 128.0 (152.0) 193.0 (156.0) | 141.0 (203.0) 135.0 (72.5)

Mean (SD) 203.7 (161.6) 182.6 (205.5) 280.4 (179.8) 193.3 (196.5) 222.9 (144.1) 1754 (117.3) 137.8 (59.8) 0.001
Quan Charlson Comorbidity Items, n (%)

Myocardial infarction 7 (2.4) 2(53) 2 (4.0 0(0) I (1.4) @) 1 (2.5) 0.70

Congestive heart failure 28 (9.8) 6 (15.8) 4 (8.0) 3(7.3) 3 (42) 7 (14.9) 5(12.5) 0.25

Peripheral vascular 32 (11.1) 4 (10.5) 3 (6.0 2 (4.9) 9 (12.7) 8(17.0) 6 (15.0) 0.37

disease

Cerebrovascular disease 15 (5.2) 1 (2.6) 4 (8.0) 2 (4.9) 342 2 (43) 3(7.5) 0.87

Dementia 0(0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0(0) NE

Chronic pulmonary 50 (17.4) 7 (184) 6 (12.0) 10 (24.4) 12 (16.9) 8 (17.0) 7 (17.5) 0.78

disease

Connective tissue/ 2(0.7) 1 (2:6) 0 (0) 0 (0) 0(0) I @.1) 0(0) 0.27

rheumatic disease

(Continued)

34 Pragmatic and Observational Research 2020:1 |


http://www.dovepress.com
http://www.dovepress.com

Hess et al

Table 2 (Continued).

Demographic and Clinical Characteristics

Overall April - January - July - January - July - January - p-value®
December 2014 | June 2015 December 2015 | June 2016 December 2016 | April 2017
N 287 38 50 41 71 47 40
Peptic ulcer disease 23 (8.0) 2(53) 6 (12.0) 4(98) 342 2 (4.3) 6 (15.0) 0.26
Liver disease
Mild 93 (324) 15 (39.5) 20 (40.0) 11 (26.8) 18 (25.4) 16 (34.0) 13 (32.5) 0.50
Moderate or severe 3 (1.0 0(0) 1 (2.0) 1 (2.4) 0(0) I @2.1) 0 (0) 0.55
Paraplegia and hemiplegia | 1 (0.3) 0(0) 1 (2.0) 0 (0) 0 (0) 0 (0) 0 (0) 0.75
Renal disease 18 (6.3) 3(79 2 (4.0) 2 (4.9) 2 (2.8) 4 (8.5) 5 (12.5) 0.39
Diabetes
Diabetes without chronic | 49 (17.1) 11 (28.9) 9 (18.0) 8 (19.5) 8(11.3) 6 (12.8) 7 (17.5) 0.28
complications
Diabetes with chronic 11 (3.8) 2 (5.3) 3 (6.0) 1 (2.4) 1 (1.4) I 2.1) 3(7.5) 0.51
complications
Cancer 200 (69.7) 31 (81.6) 28 (56.0) 28 (68.3) 54 (76.1) 37 (78.7) 22 (55.0) 0.01
Metastatic carcinoma 242 (84.3) 36 (94.7) 39 (78.0) 35 (85.4) 58 (81.7) 42 (89.4) 32 (80.0) 0.26
AIDS/HIV 0 (0) 0 (0) 0 (0) 0 (0) 0(0) 0 (0) 0 (0) NE
Quan Charlson Comorbidity Index®
Mean (SD) 77 3.1) 8.9 (2.6) 72 (3.2) 7.7 (3.1) 7.3 (3.0 83 (3.3) 75 (3.2) 0.08
Procedures during baseline period (n, %)
Surgery (endoscopic 29 (l0.1) 1 (2.6) 5 (10.0) 2 (4.9) 8 (11.3) 7 (14.9) 6 (15.0) 0.29
mucosal resection;
gastrectomy)
Radiation 66 (23.0) 10 (26.3) 9 (18.0) 8 (19.5) 16 (22.5) 16 (34.0) 7 (17.5) 0.40
HER?2 testing 96 (33.4) 12 (31.6) 18 (36.0) 13 (31.7) 17 (23.9) 22 (46.8) 14 (35.0) 0.22

Treatment Patterns

Line of therapy in which ramucirumab was initiated, n (%)

First line 46 (16.0) 1 (2.6) 10 (20.0) 5(122) 17 (23.9) 3 (64) 10 (25.0) 0.01

Second line 125 (43.6) 10 (26.3) 25 (50.0) 21 (51.2) 28 (39.4) 26 (55.3) 15 (37.5) 0.07

Third line 73 (25.4) 11 (28.9) 10 (20.0) 14 (34.1) 16 (22.5) 12 (25.5) 10 (25.0) 0.70

Fourth line 26 (9.1) 11 (28.9) 3 (6.0 1 (2.4) 6 (8.5) 2 (43) 3(7.5) 0.003

Fifth line 10 (3.5) 3(79) 1 (2.0) 0(0) 3(42) 2 (43) 1 (2.5) 0.55

Sixth line 4 (1.4 1 (2.6) 1 (2.0) 0 (0) 1 (1.4) I 2.1) 0 (0) 0.95

Seventh line 3 (1.0) 1 (2.6) 0 (0) 0 (0) 0(0) I 2.1) 1 (2.5) 0.31
Regimen in which ramucirumab was initiated, n (%) NE

Ramucirumab only 207 (72.1) 8 (21.1) 34 (68.0) 23 (56.1) 63 (88.7) 42 (894) 37 (92.5)

Ramucirumab 24 (84) 8 (21.1) 8 (16.0) 8 (19.5) 0(0) 0 (0) 0 (0)

+unclassified

Ramucirumab+paclitaxel 7 (24) 7 (18.4) 0(0) 0(0) 0(0) 0(0) 0 (0)

Ramucirumab 7 (24) 0 (0) 2 (4.0) 4(9.8) 1 (1.4) 0 (0) 0 (0)

+unclassified biologics

Ramucirumab 7 (2.4) 7 (18.4) 0 (0) 0(0) 0(0) 0(0) 0 (0)

+unclassified+paclitaxel

Ramucirumab+FOLFIRI 6 (2.1) 0(0) 2 (4.0 1 (2.4) I (1.4) I 2.1) 1 (2.5)

Ramucirumab 4(1.4) 0 (0) 0(0) 2 (49) 0 (0) 2 (43) 0 (0)

+trastuzumab

(Continued)
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Table 2 (Continued).

Demographic and Clinical Characteristics
Overall April - January - July - January - July - January - p-value®
December 2014 | June 2015 December 2015 | June 2016 December 2016 | April 2017
N 287 38 50 41 71 47 40
Ramucirumab 3 (1.0) 0 (0) 1 (2.0) 0(0) 1 (1.4) 1 (2.1) 0(0)
+fluoropyrimidine
Ramucirumab+irinotecan 3 (1.0) 1 (2.6) 0 (0) 1 (2.4) 0 (0) 0(0) 1 (2.5)
Unclassified+paclitaxel 3 (1.0) 2(53) 1 (2.0) 0(0) 0(0) 0(0) 0 (0)
Augmentation with 10 (3.5) 5(13.2) 2 (4.0 0(0) 2(28) 1 (2.1) 0(0) 0.03
ramucirumab®, n (%)
Duration of ramucirumab therapy, days
RMST (SD) 122.0 (7.7) 86.0 (15.5) 147.0 (18.1) 90.1 (12.6) 117.0 (14.1) 1243 (17.7) 108.8 (10.8) 0.13

Notes: “p-values were based on F-test for continuous variables and Chi-squared/Fisher-exact test for categorical variables. Duration of therapy was compared using a Log-
rank test. ®Gastric cancer (International Classification of Disease, ICD-9-CM, clinical modification, codes: 151; ICD-10-CM codes: C16) were excluded in identifying cancer
conditions. “Limited to regimens with n>1. “Ramucirumab was added to the chemotherapy regimen. Bolded text represents column headers and p-values <0.05.
Abbreviations: HMO, health maintenance organization; PPO, preferred provider organization; CDHP, consumer-directed health plan; AIDS/HIV, acquired immune
deficiency syndrome/human immunodeficiency virus; HER2, human epidermal growth factor receptor 2; ER, emergency room; NE, not estimable; SD, standard deviation;
IQR, interquartile range; RMST, restricted mean survival time; FOLFIRI, fluoropyrimidine + irinotecan.

ramucirumab, there is a jagged trend toward increased use as
first-line therapy in the claims data (p=0.010). In both the
trastuzumab and ramucirumab claims cohorts there is
a visual difference in the first year of approval measured
versus the later years, which is not seen in the CCQP or
EHR cohort with ramucirumab. Both of those datasets, on the
other hand, suggest a decreased use in third line or higher,
and increased use in second-line therapy.

Discussion and Conclusions
Observational studies of these agents for gastric or GEJ
cancer have generally included samples of very few

patients'' "4

as this is a rare tumor type in the US; both
agents included in this study met the FDA requirements
for orphan drug status.'> This study of 1700 patients
suggests that trastuzumab was initially administered in
later lines of therapy before migrating to earlier lines
over time. This was less apparent for ramucirumab,
which was approved as post-progression therapy. This
could in part be due to an initially large number of eligible
patients in advanced stages of therapy who had not had the
opportunity to receive these agents in earlier lines due to
the timing of the FDA approval. Fluctuating treatment
guidelines may also play a role. As newly diagnosed
patients enter the health care system, providers would
have more time to plan the potential options for therapy
in the future that included this new drug, whereas patients
who had already received prior therapy at the time of drug

approval may have received the drug at a later change in
line of therapy. From this study, it appears that the process
of incorporating trastuzumab into clinical practice took
approximately 1 year as noted by the changes in patterns
from 2010 to 2011; however, data from the year of
approval through 2013 demonstrated many differences as
well, suggesting that even after one-year modifications to
treatment patterns can occur. On the other hand, the use of
ramucirumab, which was only approved for use after dis-
ease progression, was relatively more consistent after
approval, suggesting that the pattern of incorporating
a new drug into clinical practice could vary considerably.

Delays in the introduction of trastuzumab into the first-
line setting in appropriate patients could be explained by
a number of factors including increased awareness of the
HER2-positive subset of gastric cancer patients, imple-
mentation of standardized testing, and increased experi-
ence with the use of trastuzumab. It is also interesting to
note there was a concurrent evolution in the National
Comprehensive Cancer Network (NCCN) clinical practice
guidelines that may have influenced treatment patterns: In
2010, trastuzumab in combination with chemotherapy was
included in the guidelines for HER2-positive metastatic or
locally advanced gastric cancer, which differed from the
labeled indication for first-line use.'® Changes in the
NCCN and other clinical guidelines may have impacted
treatment for trastuzumab and

observed patterns

ramucirumab.

36

Pragmatic and Observational Research 2020:1 |


http://www.dovepress.com
http://www.dovepress.com

Hess et al

Table 3 Ramucirumab Cancer Care Quality Program (CCQP) Cohort, Overall and by Index Year

Demographic and Clinical Characteristics

Variable Name Overall 2014 2015 2016 2017 2018 p-value®
N 244 15 59 66 78 26
Age at index date, years
Mean (SD) 56.5 (9.92) 55.1 (8.48) 57.5 (10.51) 55.5 (9.20) 56.4 (11.05) 58.1 (7.34) 0.69
Gender, n (%)
Female 80 (32.8) 4 (26.7) 22 (37.3) 22 (33.3) 27 (34.6) 5(19.2) 0.76
Male 164 (67.2) 11 (73.3) 37 (62.7) 44 (66.7) 51 (65.4) 21 (80.8)
Health plan type, n (%)
HMO 60 (24.6) 2 (13.3) 15 (25.4) 12 (18.2) 28 (35.9) 3(11.5) 0.04
PPO 149 (61.1) 11 (73.3) 37 (62.7) 46 (69.7) 40 (51.3) 15 (57.7) 0.18
CDHP 35(143) 2 (13.3) 7(11.9) 8 (l2.1) 10 (12.8) 8 (30.8) 0.17
Non-commercial enrollment, n (%)
Medicare Advantage 17 (7.0) 1(6.7) 6 (10.2) 3 (45) 6 (7.7) 1 (3.8 0.76
Geographic region, n (%)
Northeast 49 (20.1) 0 (0) 13 (22.0) 10 (15.2) 21 (26.9) 5(19.2) 0.13
Midwest 49 (20.1) 5(33.3) 13 (22.0) 12 (18.2) 16 (20.5) 3(11.5) 0.54
South 76 (31.1) 4 (26.7) I (18.6) 20 (30.3) 30 (38.5) I (42.3) 0.10
West 70 (28.7) 6 (40.0) 22 (37.3) 24 (36.4) I (14.1) 7 (26.9) 0.01
ECOG performance status, n (%)
0 54 (22.1) 3(20.0) I (18.6) 16 (24.2) 18 (23.1) 6 (23.1) 0.95
| 137 (56.1) 12 (80.0) 38 (64.4) 37 (56.1) 37 (474) 13 (50.0) 0.10
2 25 (10.2) 0(0) 5(8.5) 5(7.6) 10 (12.8) 5(19.2) 0.26
3 1 (0.4) 0(0) 0(0) 0(0) 1 (1.3) 0(0) 1.00
4 1 (0.4) 0(0) 0(0) 1 (1.5) 0(0) 0(0) 0.68
HER?2 status, n (%)
Negative 141 (75.8) 5 (50.0) 32 (76.2) 39 (79.6) 49 (75.4) 16 (80.0) 0.38
Positive 31 (l6.7) 0 (0) 8 (19.0) 8 (l6.3) 12 (18.5) 3 (15.0) 0.67
Conflicting I (5.9) 3 (30.0) I (24) 2 (4.1) 4(6.2) 1 (5.0) 0.07
Treatment patterns
Line of therapy in which ramucirumab was initiated, n (%)
First line 12 (4.9) 0 (0) 4 (6.8) 2 (3.0) 4 (5.1) 2(77) 0.72
Second line 149 (61.1) 7 (46.7) 33 (55.9) 40 (60.6) 51 (65.4) 18 (69.2) 051
Third line 54 (22.1) 5(33.3) 15 (25.4) 14 (21.2) 16 (20.5) 4 (15.4) 0.68
Fourth line or higher 29 (11.9) 3 (20.0) 7(11.9) 10 (15.2) 7 (9.0 2(7.7) 0.6l
Regimen in which ramucirumab was initiated, n (%)
Ramucirumab+paclitaxel 177 (72.5) I (73.3) 40 (67.8) 48 (72.7) 60 (76.9) 18 (69.2) 0.82
Ramucirumab 43 (17.6) 4 (26.7) 9 (15.3) 13 (19.7) 13 (16.7) 4 (15.4) 0.84
Ramucirumab+FOLFIRI 7(29) 0 (0) 1 (1.7) 2 (3.0) 1 (1.3) 3(11.5) 0.14
Ramucirumab+docetaxel 4 (1.6) 0 (0) 3(5.0) 0 (0) 0 (0) 1 (3.8) 0.07
Ramucirumab+carboplatin+paclitaxel 3(1.2) 0 (0) 3(5.1) 0 (0) 0 (0) 0 (0) 0.11
Ramucirumab+paclitaxel+trastuzumab 3(1.2) 0(0) 0(0) 2 (3.0) 1(1.3) 0(0) 0.72
Ramucirumab+denosumab+paclitaxel 1 (0.4) 0 (0) 0 (0) 0 (0) 1 (1.3) 0 (0) 1.00
(Continued)
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Table 3 (Continued).

Demographic and Clinical Characteristics
Variable Name Overall 2014 2015 2016 2017 2018 p-value®
N 244 15 59 66 78 26
Ramucirumab+docetaxel+irinotecan 1 (0.4) 0 (0) 0(0) 0 (0) 1 (1.3) 0 (0) 1.00
Ramucirumab+FOLFOX 1 (0.4) 0(0) 1(1.7) 0 (0) 0(0) 0 (0) 0.41
Ramucirumab+irinotecan+oxaliplatin+ 1 (0.4) 0 (0) 1(1.7) 0 (0) 0 (0) 0 (0) 0.41
trastuzumab
Ramucirumab+irinotecan 1 (04) 0(0) 0(0) 1 (1.5) 0(0) 0(0) 0.68
Ramucirumab+nivolumab 1 (0.4) 0 (0) 1 (1.7) 0 (0) 0 (0) 0 (0) 041
Ramucirumab+pembrolizumab 1 (0.4) 0 (0) 0 (0) 0 (0) 1 (1.3) 0 (0) 1.00
Time from first to last pre-authorization for ramucirumab therapy, days®
N (% of total) 55 (22.5) 3 (20.0) 11 (18.6) 19 (28.8) 21 (26.9) 1 (3.8
Median (IQR) 164.0 (135.0) 110.0 (68.0) 189.0 (50.0) 169.0 (125.0) 116.0 (137.0) 84.0 (0)
Mean (SD) 157.8 (118.34) [ 96.0 (36.10) 239.0 (161.74) 172.2 (90.18) 114.7 (103.25) | 84.0 (. 0.04

Notes: *p-values were based on F-test for continuous variables and Chi-squared/Fisher’s exact test for categorical variables.

rank test. ®Limited to patients with 22 preauthorizations. Bolded text represents col

Duration of therapy was compared using a Log-
umn headers and p-values <0.05.

Abbreviations: HMO, health maintenance organization; PPO, preferred provider organization; CCQP, cancer care quality program; CDHP, consumer-directed health plan;
ECOG, Eastern Cooperative Oncology Group; HER2, human epidermal growth factor receptor 2; SD, standard deviation; IQR, interquartile range; FOLFIRI, fluoropyr-

imidine + irinotecan; FOLFOX, fluoropyrimidine + oxaliplatin.

This study was focused on gastric cancer, where few
evidence-based treatment options are available. It is
unknown if the observed changes in treatment patterns
would hold true in another disease, such as breast or
lung cancer, where multiple agents are FDA-approved
and available for use. While claims and EHR data are
valuable for the efficient and effective examination of
healthcare outcomes, treatment patterns, resource utiliza-
tion and costs, they are collected for the purpose of pay-
ment and patient care and not specifically for research.
While use of these real-world datasets is a strength of the
current study since the research question sought to under-
stand the use of a new agent using big data, there are
inherent limitations in claims and EHR data. First, there
is a risk of incorrect cohort identification, in that the
presence of a diagnosis code does not guarantee positive
presence of a disease since the diagnosis code may be
incorrectly coded or included as a rule-out criterion. We
tried to limit this bias in the claims data by requiring at
least two claims for gastric cancer on distinct dates. Next,
results from the HIRD claims may not be generalizable to
other data sources, such as EHR data, which are collected
for different purposes. It is important to note that data from
the final year of analysis were limited (full-year data were
not available in 2018), affecting comparability to the other
time periods. Gastric cancer is a relatively rare disease in

the US, with only approximately 24,000 cases diagnosed

per year,'’ and trastuzumab is limited to HER2-
(limited
10-20% of all gastric cancers).'®' Therefore, the sample

overexpressing — cancers to approximately
size for the evaluation of trastuzumab as a new drug in
gastric cancer is limited to a relatively small population.
While the study sample used is small when compared to
more common cancers (eg, breast cancer), it represents
one of the largest studies to date of trastuzumab use in
gastric cancer in a real-world setting (few observational
studies have identified >100 trastuzumab patients).'' "
Finally, as with all claims-based analyses, the study results
from the claims cohorts may not be fully generalizable to
a larger population because patients who have commercial
health insurance may have different characteristics from
those without health insurance. Additionally, while there is
likely little to no patient overlap between those patients in
the claims and CCQP versus those entered in the EHR data
source based on the regions and centers contributing data,
minimizing the risk of patient duplication, this could not
be fully evaluated in a de-identified dataset. Patients in the
CCQP overlap strongly with those in claims, contributing
additional consistency in these sources that may not be
observed in completely independent data sources.

The CCQP and EHR data presented a different practice
pattern (eg regimens and drug combinations were different
from those observed the claims data), but the trends over

time were consistent across these two ramucirumab cohorts.
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Notes: *p-values were based on F-test for continuous variables and Chi-squared/Fisher’s exact test for categorical variables. Duration of therapy was compared using a Log-rank test. ®Limited to regimens with n>1. Bolded text

represents column headers and p-values <0.05.

Abbreviations: IQR, interquartile range; RMST, restricted mean survival time; SD, standard deviation; FOLFIRI, fluoropyrimidine + irinotecan; FOLFOX, fluoropyrimidine + oxaliplatin; NE, not estimable.

Differences in regimens with what was observed in the
claims cohort could in part be due to the inability to fully
capture the use of ramucirumab in claims prior to the release
of the J-code, or due to coding entry practices. As claims
data rely on coding to identify utilization, the coding stra-
tegies to observe a newly approved agent may fail to
observe utilizations that are recorded by a generic coding
system and may underestimate utilization during the time
until final codes are issued. Additionally, the use of non-
specific drug codes in claims led to high rates of ‘unclassi-
fied’ drug use. These could be any number of agents and
could have artificially consolidated disparate treatments in
the claims data. Therefore, claims data alone should be used
with caution within the immediate post-approval period.
This uncertainty did not exist for trastuzumab, as it had
previously been approved in other cancers and the codes
were established at the time of its approval in gastric cancer.
As actual drug names are entered into the CCQP and EHR
systems, there are no unclassified drugs noted in these
databases. The role of nonspecific coding should be
explored in future studies to understand if there are further
limitations in the use and interpretation of claims data.
Further, the variables captured in EHR and claims differ,
and few factors beyond basic demographics could be eval-
uated across both ramucirumab cohorts. Despite the
observed differences in utilization, each ramucirumab
cohort demonstrated a similar trend in evaluated clinical
and demographic variables over time.

Based on this study, it is recommended that research
evaluating treatment patterns or comparative effectiveness
should use data shortly after post-approval with caution,
particularly in the case of a drug with a first approval and
using claims data alone. Treatment guidelines, such as
NCCN in the US, should also be evaluated prior to the
conduct of research. There is the possibility that fluctuat-
ing guidelines could alter use patterns and therefore influ-
ence the composition and outcomes of the cohort receiving
a drug over time. This work also suggests that study
results using either EHR or claims data for comparative
effectiveness research may suffer bias based on differential
treatment patterns. For example, if patients disproportio-
nately receive treatment in later lines of therapy during the
initial post-approval phase in one comparison cohort but
not another, the benefit of a drug may be underestimated
(patients whose disease has progressed several times tend
to have reduced efficacy outcomes).”® To help reduce this
bias, study designs should be augmented by sensitivity
analyses that restrict the population under investigation
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Figure 2 Trends in relative percent utilization by line of therapy over time: (A) Trastuzumab claims cohort; (B) Ramucirumab claims cohort; (C) Ramucirumab cancer care

quality program cohort; (D) Ramucirumab electronic health records cohort.

to those with indications in accordance with treatment
guidelines, drug labels, and/or by stratifying the popula-
tion along key disease severity markers. This concurs with
best practice guidelines for comparative effectiveness stu-
dies, where all characteristics of patients in the various
study arms should be well-balanced prior to outcomes
assessment.”’ As government and commercial payers are
increasingly using administrative claims and other data to
get early ‘real world’ signals of comparative effectiveness
and benefit-risk trade-offs, the potential for bias associated
with analyses of introductory clinical use of new drugs and
robust should be

the need for research designs
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