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1 BACKGROUND

1.1 Selecting a compa rator

To conduct a comparative study, a n acti ve comparator treatment/drug is selected to
compare ou tcomes in patients receiving the target drug to those in a similar population
Comparator drugs  should be recommended in guidelines for the same treatmentli ne or
populations with similar risks for the outcome ast he target population  to ensure that
confou nding by indication,  confounding by severity , and channeling bias are controlled for
appropriately. 1!

Selecting comparator drugs for comparative studies can be a challenge when the target
treatment is  indicated for multiple treatment lines or subpopula tions, when different
combinations of treatment are given in the regimens with the target drug, when varying

patterns of treatment could have been received prior to the patient receiving the target
drug, a nd when different populations are indicated for the drug at different lines of
treatment. In these complex treatment situations, researchers often try to select a
comparator with the exact prior treatment lines a nd concurrent drugs in the regimen as are
received in the target regimen. However, this can lea d t o extreme restriction in analytic
population sizes, especially when the condition being treated is rare , when there are
multiple options for each treatment line , and when analytical methods such as prop ensity
score matching are used (Fig 1).

All drugs in all regimens

Drugs given at the same treatment line

Drugs given at the same treatment line
with the same other drugs in the
regimens as the target drug

Drugs given at the same
treatment line with the same
other drugs in the regimens

as the target drug and the
same prior drugs.
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Figure 1. lllustration of how restriction and analytical methods can impact sample size of a
comparator drug.

Ins tead of using restriction, comparator drugs can b e selected by ensuring that the
population receiving the comparator drug has a similar : (1) probability of receiving the



treatment based on prior characteri  stics an d (2) prevalence of baseline char acteristic s as
the population receiving the target drug of interest.

There are two potential ways of assessing whether the target and comparator drug new
user populations  look the same at the index date.

One tool for assessing the comparability of a target and com parator drugis by using
preference scores. Preference scores are propensity scores (p redicted values of a regression

of all prior covariates on the choice of receiving the target or comparator drug) that are
standardized by the treatment prevalence. 3 This score attempts to diminish concerns about
confounding by indication by balancing preferences of individual physicians across all
physicians. When >50% of patients fall within preference scores in the ran ge of 0.3 -0.7,
then the comparison of the target an d com parator drugs are considered to be in clinical

equipoise when there is a high degree of over lap in physician choice between two drugs
Equipoise represents a balance of opinion in the clinical communi ty about the best

treatment for patients

Another metho d for ensuring that confounding by indication is at a minimum is by assessing
the absolute s tandardized difference in the prevalence of prior covariates from patients who

are new users of the target versus the comparator drug. If the difference ishi  gh

(be nchmark of 0.1 used in the literature) 4, then the two groups do not have a similar

balance i n the prevalence of a covariate in the data, and that imbalance could lead to

influential confounding of th e treatment effect. Two ways to measure imbalance in base line

covariate balance are the maximum standardized difference and the percent of covariates

that exceed the benchmark of 0.1. . ) .
% covariates with standardized

% in clinical equipoise difference >0.1
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Figure 2. (Left) lllustration of the percent of patients in clinical equipoise using two overlap ping
preference score distributions for treatment and comparator drugs and ( Right) | llustration of the
percent of baseline covariates w here the standardized difference in the prevalence differ s by more than
0.1 between the patients ini  tiating the tar get and comparator drug.

A third factor that should be considered when selecting a ¢ omparator is the sample size.
While smallsamplesi zes dondét haffecteenfounding, they doimpact the precision
of the treatment effect and the probability of identifying rare outcomes . Bias and precision

should both be considered when identifyin g appropriate comparators.



1.2  Applying the comparator  selection method fo

myeloma drug, daratumumab
Selecting comparators for cancer d rugs can be particularly challenging given the
treatment guidelines for these conditions. These guidel ines usually have multiple regimens
which contain di  fferent combinations  of drugs recommended at different stages
In particular, multiple m yeloma (MM) has incredibly complex treatment guidelines that
complicate selection of comparators to inves tigate drugs given for this disease. 5
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important for selecting reasonable comparators, especially in situations where th e best
comparator is not clear.

2 OBJECTIVES

The main objective of the present studyis :

1 To explore an approach for selecting comparator drugs using clinical equipoise
covariate balance , and sample size in a settingw here treatment  guid elines are
complex .

A secondary objective is

1 Toidentify potential comp arator drugs for daratumumab in a popu lation of multiple
myeloma patients.

3 METHODS

3.1 Databases

OptumDe -l de nt i Glinf@ndafics® Data Mart Database (Optum) - Socioeconomic Status
(SES)

CDM Version ID 876

Database Start 2000 -05-01

Date

Database End Date 2018 -03-01

Database De-lI d e nt Clinformalids ® Data Mart Databa se (Optuminsight , Eden
Description Prairie, MN) is an adjudicated administrative health claims database for

members with private health insurance, who are fully insured in commercial
plans or in administrative services only (ASOs), Legacy Medicare Choice
Lives (prior to January 2006), and M edicare Advantage (Medicare
Advantage Prescription Drug coverage starting January 2006). The
population is primarily representative of US commercial claims patients (0

65 years old) with some Medicare (65+ years old) however ages ar e
capped at 90 ye ars. Itincludes data captured from administrative claims
processed from inpatient and outpatient medical services and prescriptions
as dispensed, as well as results for outpatient lab tests processed by large
national lab vendors. Optum SES provides soc io-economic status for
members with both medical and pharmacy coverage and location

information for patients it at the US Census Division.




3.2 Cohort Definitions
3.2.1 Daratumumab new users  after January 2016
People having any of the following:
a drug expo sure of daratumumab
e 0 for the first time i_n the person's history
O occurrence startis  onor after 2016 -01-01
Index 0 withage >= 18
with continuous observation of at least 365 days priorand 0 days after event index
date, and limitinitial even tsto: earlie stevent per person.
Having all of the following criteria:
[  atleast 2 occurrences of a condition occurrence of [609 ] Multiple myeloma L
o where event starts between 180 days Before and O days Before index start date
Critena Limit coho rt of initial events to: earliest event per person.
3.2.2 Bortezomib new users after January 2016
A drug exposure of  bortezomib
0 for the first time in the person's history
Event 0 occurrence startis  onor after 2016 -01-01
Index 0 withage >= 18
with continuous  observation of atleast 365 days priorand 0 days after event index
date, and limit initial events to: earlies tevent per person.
Having all of the following criteria:
Vel 9 atleast 2 occurrences of a condition occurrence of [609 ] Multiple m yeloma !
L where event starts between 180 days Before and 0 days Before index start date
Criteria Limit cohort of initial events to: earliest event per person.
3.2.3 Lenalidomide new users after January 2016
A drug exposure of lenalidomide
o0 forthefirsttime inthe person's history
Event O occurrence startis onor after 2016 -01-01
Index 0 withage >= 18
with continuous observation of at least 365 days priorand 0 days after event index
date, and limit initial events to: earliest event per person.
Having all of t he follo wing criteria:
Traliela  atleast 2 occurrences of a condition occurrence of [609 ] Multiple myeloma 1
S where event starts between 180 days Before and O days Before index start date
Clietia Limit cohort of initial events to: earliest event per person.
3.2.4 Carfilzo mib new users a fter January 2016
A drug exposure of  carfilzomib
0 for the first time in the person's history
Event O occurrence startis  onor after 2016 -01-01
Index 0 withage >= 18
with continuous observation of at least 365 days priorand 0 days afte revent index
date, and limitinitial events to: earliest event per person.
Having all of the following criteria:
Tt  atleast 2 occurrences of a condition occurrence of [597] Multiple myeloma L
. where event starts between 180 days Before and O days Before index st art date
Critenia Limit cohort of initial events to: earliest event per person.




3.2.5

Pomalidomide new users after January 2016

A drug exposure of  pomalidomide

0 for the first time in the person's history

Event 0 occurrence startis  onor after 2016 -01-01
Index 0 withage >= 18
with continuous observation of at least 365 days priorand 0 days after event index
date, and limit initial events to: earliest event per person.
Having all of the following criteria:
Tt I atleast 2 occurrences of acond ition occurrenc e of [597] Multiple myeloma L
. where event starts between 180 days Before and O days Before index start date
Criteria Limit cohort of initial events to: earliest event per person.
3.2.6

Bortezomib new users with prior lenalidomide after January 2016

A drug e xposure of bortezomib
0 for the first time in the person's history

Event O occurrence startis  onor after 2016 -01-01
Index 0 withage >= 18
with continuous observation of at least 365 days priorand O days after event index
date, and limit initial events to: earliest event per person.
Having all of the following criteria:
Iralslan  atleast 2 occurrences of a condition occurrence of [609 ] Multiple myeloma 1
S where event starts between 180 days Before and O days Before index start date
Criteria Limit cohort of initial events to: earliest event per person.
3.2.7

Bortezomib new users with concurrent lenalidomide after January 2016

A drug exposure of  bortezomib
0 forthe firsttime in the person's history
Event O occurrence startis  onor after 2016 -01-01
Index 0 withage >= 18
with cont inuous observation of at least 365 days priorand 0 days after event index
date, and limit initial events to: earliest event per person.
Having all of the following criteria:
Inclusion  atleast 2 occurrences of a condition occurren ce of [609 ] Mul tiple_myeloma L
L where event starts between 180 days Before and O days Before index start date
Critenia Limit cohort of initial events to: earlieste vent per person.
3.2.8

Lenalidomide new users with prior bortezomib after January 2016

A drug exposure of bortezomib
0 for the first time in the person's history

Event 0 occurrence startis  onor after 2016 -01-01
Index 0 withage >= 18
with continuous observation of at least 365 days priorand 0 days after event index
date, and limit initial events to: earliesteve  nt per person.
Having all of the following criteria:
st 9 atleast 2 occurrences of acondition occurrence of [609 ] Multiple myeloma 1
L where event starts between 180 days Before and 0 days Before index start date
Criteria Limit cohort of initial event sto: earliest event per person.
3.2.9 Lenalidomide new users with prior proteasome inhibitor after Jan 2016
E A drug exposure of  bortezomib
vent o -
Index 0 for the first time in the person's history

0 occurrence start is

on or after 2016 -01-01




0 withage >= 18
with co ntinuous observ ation of at least 365 days priorand 0 days after event index
date, and limit initial events to: earliest event per person.
Having all of the following criteria:
e  atleast 2 occurrences of acondition occurrence of [609]M ultiple_myeloma L
o where event starts between 180 days Before and O days Before index start date
Critenia Limit cohort of initial events to: earliest event per person.
3.2.10 Carfilzomib new users with prior bortezomib after January 2016
A drug exposure of  bortezomib
0 forth e first time in the person's history
Event 0 occurrence startis  onor after 2016 -01-01
Index 0 withage >= 18
with continuous observation of at least 365 days priorand 0 days after event index
date, and limit initial events to: earliest event per person.
Having all of the following criteria:
Vel 9 atleast 2 occurrences of a condition occurrence of [609 ] Multiple myeloma 1
. . where event starts between 180 days Before and O days Before index start date
Crit ena Limit cohort of initial events to: earliest event perperso n.
3.2.11 Carfilzomib new users with prior lenalidomide after January 2016
A drug exposure of  bortezomib
o0 forthe first time in the person's history
Event O occurrence startis  onor after 2016 -01-01
Index 0 withage >= 18
with continuous observation of atleast 365 days priorand 0 days after event index
date, and limit initial events to: earliest event per person.
Having all of the following criteria:
Traliela  atleast 2 occurrences of a condition occurrence of [609 ] Multiple myeloma L
S whe re event starts between 180 days Before and O days Before index start date
Criteria Limit cohort of initial events to: earliest event per person.

3.2.12 Carfilzomib new users with concurrent lenalidomide after January 2016

A drug exposure of  bortezomib

0 for thefirsttime in the person's history

Event 0 occurrence startis  onor after 2016 -01-01
Index 0 withage >= 18

with continuous observation of at least 365 days priorand 0 days after event index

date, and limit initial events to: earliest event per person.

Having all of the following criteria:
Tt  atleast 2 occurrences of acondition occurrence of [609 ] Multiple myeloma L
Criteria where event starts between 180 days Before and O days Before index start date

Limit cohort of initial events to: earliest event per pe rson.

3.2.13 Pomalid omide new users with prior bortezomib after January 2016

A drug exposure of  bortezomib

0 for the first time in the person's history
Event O occurrence startis onor after 2016 -01-01
Index 0 withage >= 18
with continuous observation of at least 365 days prior and O days after event index
date, and limit initial events to: earliest event per person.
Inclusion Having all of the following criteria:
Criteria

10




9 atleast 2 occurrences of a condition occurrence of [609 ] Multiple myeloma !
where event star ts between 180 days Before and O days Before index start date
Limit cohort of initial events to: earliest event per person.

3.2.14 Pomalidomide new users with prior lenalidomide after January 2016

A drug exposure of  bortezomib
o0 for the first time in the person's h istory

Event O occurrence startis  onor after 2016 -01-01
Index 0 withage >= 18
with continuous observation of at least 365 days priorand 0 days after event index
date, and limit initial events to: earliest event per person.
Having all of the followi ng criteria:
Inclusion I atleast 2 occurrences of acondition occurrence of [609 ] Multiple myeloma 1
Criteria where event starts between 180 days Before and O days Before index start date

Limit cohort of initial events to: earliest event per person.

3.2.15 Pomalidomid e new users wit h prior proteasome inhibitor after Jan 2016

A drug exposure of  bortezomib
0 for the first time in the person's history

Event O occurrence startis  onor after 2016 -01-01
Index 0 withage >= 18
with continuous observation of at least 365 days prio rand 0 days af ter event index
date, and limit initial events to: earliest event per person.
Having all of the following criteria:
Inclusion  atleast 2 occurrences of a condition occurrence of [609 ] Multiple myeloma !
Criteria where event starts between 180 days Before and O days Before index start date

Limit cohort of initial events to: earliest event per person.

3.3 Analysis

3.3.1 Analysise ntryre quirements
1 Analysis 1. Allow patientsto enter both the target and comparator drug new user
cohorts

1 Analysis 2: Only allow patients  to enter eitherth e targetor comparator drug new
user cohor ts

11




3.3.2 Comparisons

Target

Comparator

Daratumumab new users

Lenalidomide new users

Daratumumab new users

Bortezomib new users

Darat umumab new users

Carfilzomib new users

Darat umumab new users

Pomalidomide new users

Daratumumab new users
concurrent bortezomib

Bortezomib new users

Daratumumab new users
concurrent lenalidomide

Lenalidomide new users

Daratumumab new  users
prior bortezomib

Lenalidomide new user s
prior bortezomib

Daratumumab new users
prior bortezomib

Carfil zomib new users i
prior bortezomib

Daratumumab new users
prior bortezomib

Pomalidomide new users 1
prior bortezomib

Daratumumab  new users
prior lenalidomide

Bortezomib new u sers T
prior lenalidomide

Daratumumab new users
prior lenalidomide

Carfilzomib new users -
prior lenalidomide

Daratumumab new users
concurrent lenalidomide

Bortezomib new users 7
concurrent le nalidomide

Daratumumab new users
concurrent lenalidomide

Carfilzomib new users 1
concurrent lenalidomide

Daratumu mab new users
prior proteosome inhibitor

Pomalidomide new users -
prior proteasome in  hibitor

Daratumumab new users
prior pr_oteosome inibitor

Lenalidomide new users - prio r proteasome

inhibitor

3.3.3 Comparison diagrams
Target new users vs. comparator new users

365 days prior continuous enrollment

180 days prior
>=2 MM dx

365 days prior enrollment [

180 days prior
>=2 MM dx

Target new users + prior other drug(s) vs. comparator new users +
prior other drug(s)

365 days prior continuous enrollment |

180 days prior
>=2 MM dx

Other drug any time prior {up to 7 days before new use)

365 days prior continuous enrollment

180 days prior
>=2 MM dx

Other drug any time prior (up to 7 days before new use)
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Target new users + concurrent other drug vs. comparator new users + concurrent other drug

365 days prior continuous enrollment

180 days prior
>=ZMM X Drug era of o
.

365 days prior continuous enroliment

180 days prior
>=2 MM dx

rug era
Starting before and ending after
n

Target new users + concurrent comparator vs. comparator new users

4‘ 365 days prior continuous enrollment

180 days prior
>=2 MM dX pryg era of comparator drug
Starting bel nding after

365 days prior continuous enrollment

180 days prior
>=2 MM dx

3.3.4 Analysis Methods

3.3.4.1 Analys is# 1:Propensity score matching the target and comparator cohorts

and comparison of exchangeability metrics where patients can enter both
cohorts  AND daratumumab - specific administ ration methods or pre -/post -
supportive care removed from PS model
Methods 1 Exposures restricted to the time both target and comparator cohorts
are found. Patients can contribute to BOTH the target or comparator
cohorts
1 Remove all daratumumab -specific admin istration methods or pre/post -
supportive care removed from PS model using cl inical knowledge (List
in Appendix 1 )
I Settime at risk starting 1 day after cohort start date ; 1 day minimum
time at risk required
1 Alldrugs, ¢ onditions, procedures and measurements received in t he

365 days before index date  (inclusive ) identified.
I Using bas eline covariates |, calcul ate p ropensi ty score s of target and
comparator treatment receipt  using a LASSO regularized logistic

regression with LaPlace  prior from 10 repetitions of 10 -fold cross
validation
1 1:1 matching on propen  sity score with a 0.2 of the standardized logit
caliper for matching
Output 1) Preference score distributions for target and comparator cohorts and %

in clinical equipoise

2) Standardiz ed difference in prevalence of baseline covariates in PS
model before and af ter PS matching

3) Top 10 covariates with the greatest difference in standardized
differe nce between target and comparator cohorts before and after PS
matching.

4) Table with target/co  mparator cohort size, % in equipoise, maximum
standardized difference betwee n covariates and proport  ion of covariates
with a >0.1 standardized difference between t arget and comparator
cohorts.

13



3.3.4.2 Analysis# 2:Propensity score matching the target and comparat

or cohorts

and comparison of exchangeability metrics where patients can only have a
first exposure to one or the other drug AND daratumumab - specific
administration methods or pre -/post -supportive care removed from PS
model
Methods 1 Exposures restricted to  the time both target and comparator cohorts
are found. Patients can contribu teto ONLY the target or comparator
cohorts (whichever comes first)

1 Remove all daratumu mab - specific administration methods or pre/post -
supportive care remov  ed from PS model  (Listi n Appendix 1 )

1 Settime atrisk starting 1 day a fter cohort start date and 1 day
minimum time at risk required

1 Propensity score calcula ted for the target and comparator cohorts using
a LASSO regularized | ogistic regression with LaPlace prior from 10
repetitions of 10 -fold cross validation

1 1:1 matching o n propensity score  with a 0.2 of the standardized logit
caliper for matching

Output 1. Propensity score distributions for target and comparator cohorts

2. Scatt erplot of prevalence of  all covariates in PS model before and after
PS matching

3. Top 10 covariates wi  th the greatest difference in standardized difference
between target and comparator coh orts before and after PS matching.

4. Table with target/comparator coho rt size, % in equipoise, maximum
standardized difference between covariates and proportion of covari ates
with a >0.1 standardized difference between target and comparator
cohorts.
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4 RESULTS T FOR ANALYSIS 11

4.1 Table of target comparator cohort sizes and metrics for covari ate
balance and equipoise
Table 1. Size, percent in clinical equipoise, and maximum st andardized difference (std diff) for

daratumumab/comparator pairs

for patients without

pre -/post -treatment variables in the propensity

score among patients  allowed to ent er bot the target and comparator co horts
Before Matching After Matc  hing Max Std %
Target | Comparator Target | Comparator Equipoise Covglrgte cog/%rlgtifefs
Target Comparator gre g2 g2 Se % Prop >0.1
Daratumumab new Bortezomib new
Users Users 1081 2881 323 323 20.9 0.24 3.1
Daratumumab new | Lenalidomide
Users hew USers 1081 2965 297 297 20.9 0.31 3.3
Daratumumab new | Carfilzomib new
Users users 1081 807 426 426 70.1 0.24 2.0
Daratumumab new | Pomalidomide
Users new Users 1081 927 438 438 59.3 0.24 1.6
Daratumumab new
users i Borte zomib new
concurrent users 214 2881 154 154 40.3 0.34 5.7
bortezomib
Daratumumab new
users i Lenalidomide
concurrent new users 115 2965 47 47 24.5 0.74 12.3
lenalidomide
Daratumumab new |Lenalidomide
users - new users 1 549 362 75 75 30.3 0.53 7.9
prior bortezomib prior bortezomib
Daratumumab new [Carfilzomib new
users - users 549 420 316 316 88.5 0.27 4.7
prior bortezomib prior b ortezomib
Daratumumab new [Pomalidom ide
users - new users 1 549 395 259 259 73.3 0.30 45
prior bortezomib prior bortezomib
Daratumumab  new Egétrgzomlb new
users - ] prior 512 194 138 138 67.7 0.40 8.8
prior lenalidomide lenalidomide
Daratumumab new [Bortezomib new
users - users
concurrent con current 115 697 22 22 22.1 0.74 134
lenalidomide lenalidomide
Daratumumab new ucslgglzomlb new
users - . 512 267 214 214 82.2 0.33 5.0
rior

prior lenalidomide Ipenalidomide
Daratumumab new [Carfilzomib new
users - users
concurrent concurrent 115 159 30 30 63.2 0.86 13.3
lenalidomide lena lidomide
Daratumumab new ngﬁls'g?g'd?
users - i 865 531 363 363 70.5 0.26 3.3
 prior pro teosome gpgtreosome ) : ’
inhibitor inibitor
Daratumumab new lI:'enalldomlde
users -prior ew users -

prio r 865 599 160 160 34.3 0.35 7.1
proteosome t
inibitor proweosome

inibitor

1 Results for Analysis 2 in Appendix 2. Diagnostic plots available upon request
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4.2 Diagnostic plots
Proportion of covariates with a standardized
target and comparator > 0.1; (B) Scatterplo

difference in covariates prevalence between the
t of standardized differences in covariate

preva lence before and after matching ; (C) Top 10 imbalanced covariates after propen sity
score matching by  variable class type [pos itive= greater prevalence in tar get] ; (D)

Preference score distribution with area of clinical

equipoise noted between the dashed lines.
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4.2.2
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