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Simple Summary: Real-world data studies suggest trastuzumab emtansine (T-DM1) may be less
effective following pertuzumab treatment in patients with metastatic breast cancer. However, the
short time frame between pertuzumab and T-DM1 approvals may have biased these studies toward
selecting pertuzumab-experienced patients with more aggressive disease. Our study assessed the
impact of this selection bias on time to next treatment or death and other outcomes. Among T-DM1-
treated patients, prior pertuzumab use was more frequent in the most recent years; however, no
concomitant changes in outcomes were observed. The examination of pertuzumab-experienced
patients over time showed that those entering the T-DM1 cohort earliest had more aggressive disease
and poorer outcomes than patients entering the study in the most recent years, who had outcomes
similar to those of pertuzumab-naive patients. This study demonstrates that such selection bias
should be accounted for when assessing treatment sequences.

Abstract: Real-world studies have suggested decreased trastuzumab emtansine (T-DM1) effectiveness
in patients with metastatic breast cancer (mBC) who received prior trastuzumab plus pertuzumab (H
+ P). However, these studies may have been biased toward pertuzumab-experienced patients with
more aggressive disease. Using an electronic health record-derived database, patients diagnosed with
mBC on/after 1 January 2011 who initiated T-DM1 in any treatment line (primary cohort) or who
initiated second-line T-DM1 following first-line H + P (secondary cohort) from 22 February 2013 to 31
December 2019 were included. The primary outcome was time from index date to next treatment or
death (TTNT). In the primary cohort (1 = 757), the percentage of patients with prior P increased from
37% to 73% across the study period, while population characteristics and treatment effectiveness
measures were generally stable. Among P-experienced patients from the secondary cohort (1 = 246),
median time from mBC diagnosis to T-DM1 initiation increased from 10 to 14 months (2013-2019),
and median TTNT increased from 4.4 to 10.2 months (2013-2018). Over time, prior H + P prevalence
significantly increased with no observable impact on T-DM1 effectiveness. Drug approval timing
should be considered when assessing treatment effectiveness within a sequence.

Keywords: trastuzumab emtansine; HER2-positive metastatic breast cancer; selection bias; real-world
data; trastuzumab; pertuzumab
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1. Introduction

Rapid changes in personalized healthcare have led to increased complexity regarding
treatment-making decisions to maximize patient outcomes. Randomized clinical trials have
limitations in assessing evolving treatment combinations in a timely manner. Therefore, real-
world data (RWD) studies are critical for examining questions related to optimal treatment
sequence. However, assessing the real-world effectiveness of treatment sequences can be
difficult, given the changes over time in the population of interest and the possibility of
biases in patient selection.

The importance of optimal treatment sequencing is especially evident in metastatic
breast cancer (mBC), as the rate of new drug approvals has increased dramatically over the
last 30 years compared to earlier decades, in part driven by the development of targeted
therapeutics [1]. For example, pertuzumab received US Food and Drug Administration
approval on 8 June 2012, followed shortly thereafter by the approval of the antibody-
drug conjugate trastuzumab emtansine (T-DM1) on 22 February 2013. In the US, current
(2021) guidelines include combination treatment with pertuzumab, trastuzumab, and a
taxane as the standard of care in first-line treatment of HER2-positive mBC, with T-DM1
recommended in the second-line setting [2].

T-DM1 safety and efficacy were evaluated in two large, randomized trials (EMILIA and
TH3RESA) of patients with mBC who received prior anti-HER?2 therapy [3,4]. In EMILIA,
median progression-free survival (PFS) and overall survival (OS) were significantly longer
with T-DM1 versus lapatinib plus capecitabine [3]; in TH3RESA, median PFS was signifi-
cantly improved and median OS showed a trend toward improvement with T-DM1 versus
physician’s choice [4]. However, few patients received prior pertuzumab, a situation that
no longer represents the current standard of care [5]. RWD studies have suggested that ex-
posure to a pertuzumab-containing regimen may have an impact on the clinical benefits of
T-DM1 [6-13]. Generally, these RWD studies suggest that survival outcomes in the context
of prior pertuzumab treatment were shorter than expected based on results from the T-DM1
randomized trials. For example, in an RWD study of patients with HER2-positive mBC who
initiated T-DM1—the majority of whom (89%) had prior pertuzumab exposure—median
OS was 19.3 months compared with 29.9 months in EMILIA [14]. As that study was a
whole-of-population analysis, no effort was made to select an RWD population similar to
the EMILIA trial population.

The RWD studies may have been impacted by the timing of pertuzumab and T-
DM1 approvals, as well as the selection of real-world patients. Because pertuzumab
was approved only 8 months prior to T-DM1, these studies may have been prone to
selection bias. In fact, this 8-month gap is shorter than the time expected for a patient to
remain in first-line therapy. Indeed, previous real-world and clinical studies reported a
median duration of pertuzumab treatment ranging from 12 to 18 months, median PFS of
16.9-18.7 months, and median discontinuation-free survival of 12 months in patients with
HER?2-positive mBC treated with pertuzumab-containing regimens [12,15-17]. Conversely,
RWD studies reporting the outcomes of patients initiating second-line treatment with
T-DM1 and prior pertuzumab and using data collected shortly after T-DM1 approval
reported median prior pertuzumab treatment durations that were as low as 7.7 months [6].
Importantly, when proxies for disease control achieved in prior line are reported, they tend
to appear poorer in pertuzumab-experienced patients than in pertuzumab-naive patients
(Table Al in Appendix A) [6,7,18]. For instance, Fabi et al. reported that before T-DM1
administration, patients with prior pertuzumab experience already progressed faster than
those without (8 vs. 12 months) and a lower prior overall response rate (51.7% vs. 63.9%) [7].
A Japanese study reported the total duration of HER2-targeted therapy in pertuzumab-
experienced patients was half that observed in pertuzumab-naive patients [6]. A Canadian
study using more recent data also reported that pertuzumab-experienced patients had
a median time from mBC diagnosis to T-DM1 initiation two-thirds of that observed in
pertuzumab-naive patients [18]. This is important for two reasons. First, longer first-line
treatment with trastuzumab plus pertuzumab was shown to be associated with longer
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PFS for patients on subsequent T-DM1 [19]. Second, patients who are truly comparable at
T-DML1 initiation could expect to have remained longer on a more efficacious treatment than
on a less efficacious treatment. As previous studies reported the opposite, it is plausible that
selection bias occurred. This selection bias could also explain why previous findings from
the real world appear to conflict with a recent clinical trial reporting that the percentage
of T-DM1-treated patients alive without progression did not differ substantially between
those who received previous pertuzumab therapy and those who did not [20].

In the present analysis, we used a real-world database to evaluate the impact of time
(i.e., calendar year) and prior use of pertuzumab on the real-world effectiveness of T-DM1
in patients with HER2-positive mBC. We describe the baseline characteristics and outcomes
of patients stratified by (1) calendar year of T-DM1 initiation and (2) calendar year of T-DM1
initiation plus prior pertuzumab exposure.

2. Materials and Methods
2.1. Data Source and Patient Selection

Patients in the US diagnosed with mBC on or after 1 January 2011, who initiated
T-DM1 between 22 February 2013, and 31 December 2019, were selected from the nation-
wide Flatiron Health electronic health record (EHR)-derived, de-identified, longitudinal
database. This database comprised de-identified, patient-level, structured, and unstruc-
tured data curated via technology-enabled abstraction [21,22]. At the time of the study, the
de-identified data originated from approximately 280 United States cancer clinics (approxi-
mately 800 sites of care), the majority of which were in the community oncology setting.

Eligible patients had a record of >1 visit within the Flatiron Health network in the
90 days following diagnosis of mBC, no gaps >84 days between subsequent visits up to the
time of T-DM1 initiation (index date), were >18 years of age on the index date, and had
not participated in a clinical trial between the time of mBC diagnosis and T-DM1 initiation.
Patients receiving antineoplastic treatment in the 60-90 days before mBC diagnosis were
excluded to allow line of treatment estimation. Institutional Review Board approval
of the study protocol was obtained prior to study conduct, and included a waiver of
informed consent.

2.2. Variables and Cohort Subgroups

We evaluated clinical and demographic characteristics in the primary cohort and across
different subgroups. Line-of-treatment data for HER2-positive mBC were determined for
each patient on the basis of the recorded use of antineoplastic treatment in the EHR (infor-
mation on orally administered drugs was abstracted, whereas records of administration
procedures were used for injectables). Additional details regarding the assessment of
oncologist-defined, rule-based lines of therapy are provided in the Supplemental Methods.

The primary cohort comprised patients who initiated T-DM1 in any treatment line.
These patients were stratified into 1 of 4 groups based on the calendar year that T-DM1
was initiated (2013-2014, 2015-2016, 2017-2018, and 2019). The stratification by calendar
year emulates the conduct of different real-world data studies using study periods with
increasing time since the approval date of pertuzumab. This aims to describe the evolution
of the potential selection bias in the pertuzumab-experienced subgroup. The secondary
cohort comprised patients who initiated T-DM1 in the second-line setting following first-
line treatment with trastuzumab with or without pertuzumab. These patients were then
stratified by prior pertuzumab use (yes vs. no); for pertuzumab-naive patients in the
secondary cohort, the sample size did not allow for index date subgrouping. To evaluate
the possible impact of how “second-line treatment” was defined, we performed a sensitivity
analysis in the primary cohort stratified by prior pertuzumab use (yes vs. no); pertuzumab-
naive and pertuzumab-experienced patients were further stratified by calendar year of
T-DML1 initiation. A schematic of the study design is provided in Figure Al.

We also identified a cohort of patients who initiated lapatinib in the second-line setting
following first-line trastuzumab with or without pertuzumab. This cohort was included as
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a negative exposure control [23] to assess whether selection bias would occur irrespective
of the drug defining cohort entry. Patients were selected following the process described
for the secondary cohort (Figure A2).

2.3. Outcomes

Because the determination of PFS in the real world is not standardized as it is in
prospective clinical trials, time to next treatment (I'TNT) or death was chosen as the primary
outcome of this analysis. Death date was estimated as a composite mortality variable using
data from EHRs, obituaries, and the Social Security Death Index [24]. TTNT was defined as
the time in months from the first administration of T-DM1 to the initiation of a different
antineoplastic treatment, other than endocrine therapy. Secondary outcomes were time
to last administration of T-DM1 before discontinuation or death (TTLA), real-world PFS
(rwPFS), and OS.

TTLA was defined as the time in months from the first T-DM1 administration to
the last T-DM1 administration observed before a discontinuation or death event. In the
absence of a discontinuation or death event, patients were censored at their last visit of
continuous management in the practice. Because the date of T-DM1 discontinuation is
not recorded systematically, we assumed continuous T-DM1 treatment as long as T-DM1
was re-administered within 84 days. Similarly, continuous management in the practice
was assumed as long as a subsequent visit was recorded within 84 days. Conversely, a
discontinuation or death event was defined as either a first gap of more than 84 days in
T-DM1 administration while the patients were still being managed in the practice, or a
date of death recorded within 84 days of T-DM1 administration. The date of last T-DM1
administration before discontinuation or death event defined the date of a TTLA event.
This approach is similar to what was previously used for HER? targeted treatment [14] and
is aligned with recent recommendations [25].

rwPFS was defined as the time, in months, from first T-DM1 administration to first
documented evidence of disease progression or death from any cause, whichever occurred
first; in the absence of a progression or a death event, patients were censored on the date
of their last clinical notes. Progression was defined based on clinicians” notes in EHRs
referring to a distinct episode of tumor growth, as determined by radiologic or pathologic
reporting, and/or clinician determination [26].

OS was defined as the time in months from first T-DM1 administration to death,
regardless of cause [27]; in the absence of a death event, patients were censored at their
last visit.

2.4. Statistical Analysis

Baseline characteristics were summarized using descriptive statistics including median
and interquartile range for continuous variables and proportions and frequencies for
categorical variables. In general, Kruskal-Wallis tests for continuous variables and chi-
squared tests for categorical variables were conducted to compare the differences among
the multiple groups. For those categorial variables in which some levels were less than
5 counts, the Fisher’s exact test was applied.

Median TTNT, TTLA, rwPFS, and OS (and associated 95% confidence intervals) were
estimated using the Kaplan-Meier method. Time-to-event analyses used the date from
initiation of T-DM1 to the date of the outcome of interest. Otherwise, patients were
censored on the date of the last recorded visit (up to 31 December 2019) or the date of the
last clinical note abstracted from the health records. Cox proportional hazard models were
fitted to describe the association between subgroups and outcomes using hazard ratios
(HR) and corresponding Wald confidence intervals. R version 3.6.0 was used to conduct
statistical analyses.
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3. Results
3.1. Primary Cohort (n = 757): Patients Initiating T-DM1 in Any Treatment Line by Year
of Initiation

A total of 757 patients constituted the primary cohort (Figure Al). The median age of
the overall population was 62 years, with the majority (59%) of patients having recurrent
metastatic disease (Table 1). The most common metastatic site was visceral (69%), followed
by bone (60%) and distant lymph node (47%). Most (82%) patients had previously received
treatment with HER2-targeted therapy in the metastatic setting.

Table 1. Demographic and disease characteristics on the index date ? in the primary cohort °.

Year of T-DM1 Initiation

2013-2014 2015-2016 2017-2018 2019 Overall Value 4
(n =131 (n =211) (n = 255) (n = 160) (n = 757) p-vatue
Median age, years (IQR) 59 (51-69) 61 (53-69) 63 (52-72)  63(54-71) 62 (53-70) 0.170
Median BMI, kg/m? (IQR) 28 (24-33) 27(23-34)  28(24-32)  27(23-32) 28 (24-33) 0.733
Practice setting, n (%)
Academic 10 (8) 21 (10) 17 (7) 13 (8) 61 (8) 0.632
Community based 121 (92) 190 (90) 238 (93) 147 (92) 696 (92)
Metastatic status, n (%)
De novo 48 (37) 72 (34) 111 (44) 76 (48) 307 (41) 0.035
Recurrent 83 (63) 139 (66) 144 (56) 84 (52) 450 (59)
Median number of metastatic sites, 3 (24) 3 (2-4) 3 (24) 3 (2-4) 3 (24) 0.902
n (IQR)
Metastatic site, n (%)
Visceral 92 (70) 148 (70) 169 (66) 111 (69) 520 (69) 0.782
Bone 78 (60) 116 (55) 160 (63) 100 (62) 454 (60) 0.328
Distant lymph node 61 (47) 99 (47) 129 (51) 68 (42) 357 (47) 0.454
Lung 49 (37) 96 (45) 109 (43) 73 (46) 327 (43) 0.448
Liver 66 (50) 80 (38) 109 (43) 67 (42) 322 (43) 0.159
Brain 29 (22) 49 (23) 52 (20) 39 (24) 169 (22) 0.792
Non-brain CNS <5 (<4) 6 (3) 11 (4) 6 (4) 28 (4) 0.882
Other <5 (<4) 8 (4) 15 (6) 9 (6) 35 (5) 0.358
Hormone receptor status, n (%) 0.128
Positive 86 (66) 154 (73) 191 (75) 123 (77) 554 (73)
Negative 43 (33) 56 (27) 64 (25) 37 (23) 200 (26)
Unknown <5 (<4) <5 (<3) <5(<2) <5 (<4) <5(<1)
Approximate number of lines of 0471
prior therapy, € n (%) '
0 17 (13) 34 (16) 38 (15) 16 (10) 105 (14)
1 56 (43) 95 (45) 106 (42) 79 (49) 336 (44)
2 31 (24) 47 (22) 71 (28) 33 (21) 182 (24)
3 17 (13) 19 (9) 17 (7) 20 (12) 73 (10)
4 <5 (<4) 6 (3) 8(3) 7 (4) 26 (3)
>5 <5 (<4) 10 (5) 15 (6) <5 (<3) 35 (5)
Mean time from mBC diagnosis to 15.0 (9.6) 163(134)  183(155)  21.5(18.1)  17.8(14.8) 0.049

T-DML1 initiation, months (SD)

@ Date on or prior to 31 December 2019, that treatment with T-DM1 was initiated. b Patients who received T-DM1
in any treatment line. ¢ In the mBC setting. ¢ Statistical tests performed: Kruskal-Wallis test; chi-square test of
independence; Fisher’s exact test. BMI = body mass index; CNS = central nervous system; IQR = interquartile
range; mBC = metastatic breast cancer; SD = standard deviation; T-DM1 = trastuzumab emtansine.
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When patients in the primary cohort were stratified by year of T-DM1 initiation,
demographic and disease characteristics were generally similar (Table 1). However, the pro-
portion of patients who initiated T-DM1 following treatment with pertuzumab increased
from 37% over 2013-2014 to 73% in 2019 (Figure 1), and the mean time from mBC diag-
nosis to T-DM1 initiation ranged from 15.0 months during 2013-2014 to 21.5 months in
2019 (Table 1). Effectiveness outcomes were generally stable over time in the primary
cohort (Figure 2). Median TTNT was 7.0 months during 2013-2014 and 9.6 months in
2019. For each calendar year prior to 2019, median TTLA and rwPFS were approximately
5-6 months, and median OS ranged from 17.6 to 21.3 months over the study period. Using
the group initiating T-DM1 in the period 2013-2014 as reference, none of the HRs for any
endpoints were statistically significant, suggesting outcomes were stable over time. The
only exception was TTLA that appeared longer for the year 2019 subgroup due to lack of
follow-up (91% of the patients did not have enough follow-up to observe an 84-day gap in
T-DM1 administration).

100 -
80 -
= 60
g
f=
K3
S 404
i I
0
2013-2014 2015-2016 2017-2018 2019
(n=131) (n=211) (n = 255) (n = 160)

Year of T-DM1 initiation

Figure 1. Proportion of patients in the primary cohort who initiated T-DM1 following treatment with
pertuzumab by calendar year. The primary cohort comprised patients who received T-DM1 in any
treatment line. T-DM1 = trastuzumab emtansine.

3.2. Secondary Cohort (n = 308): Patients Initiating T-DM1 in the Second-Line Setting following
First-Line Treatment with Trastuzumab with or without Pertuzumab

Within the primary cohort, 308 patients initiated second-line T-DM1 following first-
line treatment with trastuzumab and were included in the secondary cohort. Of these,
246 patients also received pertuzumab in the first-line setting and 62 patients did not.

3.2.1. Pertuzumab-Experienced Patients in the Secondary Cohort (1 = 246)

In the subgroup of pertuzumab-experienced patients in the secondary cohort (1 = 246),
demographic and disease characteristics were generally similar over time (Table A2).
Critically, however, the median time from diagnosis of mBC to initiation of T-DM1 increased
from 10.0 months during 2013-2014 to 14.0 months in 2019 (Figure 3). In the overall
subgroup of pertuzumab-experienced patients in the secondary cohort, the median TTNT,
TTLA, rwPFS, and OS were 8.2, 6.0, 6.3, and 21.7 months, respectively. Median TTNT
increased from 4.4 months during 2013-2014 to 10.2 months during 2017-2018 (Figure 4A),
and increases in median TTLA, rwPFS, and OS were also observed during this time period
(Figure 4B-D). Using the pertuzumab-naive group as reference, the HR for TTNT was
highest for pertuzumab-experienced patients initiating T-DM1 in 2013-2014 (HR 2.14,
95% CI: 1.29 to 3.55); HR gradually decreased with the groups with the most recent years of
T-DM1 initiation (HR 1.56, 95% CI: 1.03 to 2.36; HR 1.10, 95% CI: 0.72 to 1.67; and HR 1.11,
95% CI: 0.63 to 1.95 for pertuzumab-experienced patients initiating T-DM1 in 2015-2016,
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2017-2018, and 2019, respectively). Other endpoints showed similar trends; however,
differences were statistically significant for OS.

A No. censored Median HR
n Events (%) (95% ClI) (95% Cl)  p-value
2013-2014 131 11 20 (15.3) 7.0 (5.6t08.9) Reference
100 20152016 211 163 48 (22.7) 7.0(5.6t08.5) 0.98(0.77-1.24) 0.8
2017-2018 255 175 80(31.4) 83(6.9t09.7) 0.89(0.70-1.14) 0.4
X 2019 160 52 108 (67.5) 9.6 (5.8to NE) 0.85(0.61-1.19) 0.3
_§~ 75
=
2 50
o
1
o
= _| —+ 2013-2014
Z 259 20152016
- —}— 2017-2018 et e —
—+— 2019 .
0 T T T T T T T T
0 5 10 15 20 25 30 35 40
Time (months)
Number at risk
2013-2014 131 74 43 30 23 15 10 8 6
2015-2016 211 19 68 38 28 19 14 1 8
2017-2018 255 154 84 41 21 13 4 0 0
2019 160 63 8 0 0 0 0 0 0
B No. censored Median HR
n  Events (%) (95% ClI) (95% Cl)  p-value
2013-2014 131 112 19 (14.5) 5.3 (4.4t07.6) Reference
100 2015-2016 211 171 40 (19.0) 4.9(3.7t06.4) 1.09(0.86-1.39) 0.5
2017-2018 255 179 76 (29.8) 6.0 (4.9t07.6) 0.94(0.74-1.20) 0.6
S 2019 160 46 114 (71.3) NE (6.3to NE) 0.64 (0.45-0.91) 0.013
_,,? 75
=
2 50
o
S
S
< o5 | —+—2013-2014
= —+— 2015-2016
] —+— 2017-2018 ; —
—— 2019 —rg
0 T T T T T T T T
0 5 10 15 20 25 30 35 40
Time (months)
Number at risk
2013-2014 131 60 37 23 14 9 6 6 6
2015-2016 211 89 43 26 20 15 11 8 4
2017-2018 255 118 64 26 12 6 2 0 0
2019 160 46 6 0 0 0 0 0 0

Figure 2. Cont.
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C No. censored Median HR
n Events (%) (95% CI) (95% Cl)  p-value
2013-2014 131 113 18 (13.7) 5.6(4.8t06.8) Reference
100 - 2015-2016 211 189 22 (10.4) 5.1(3.9t06.4) 1.13(0.90-1.43) 0.3
. 2017-2018 255 203 52 (20.4) 5.7 (4.8106.6) 1.10(0.87-1.40) 0.4
e 2019 160 61 99 (61.9) 6.5(4.8to NE) 0.90 (0.65-1.24) 0.5
2 75-
7
2
o 50+
i
o
i o5 | —+—2013-2014
o —+— 2015-2016
3 —— 2017-2018 e e ,
—+— 2019 Y ' T—
O I I I I I I I I
0 5 10 15 20 25 30 35 40
Time (months)
Number at risk
2013-2014 131 68 38 25 22 16 12 10 9
2015-2016 211 103 59 37 27 19 17 13 6
2017-2018 255 130 62 27 12 8 2 0 0
2019 160 53 6 0 0 0 0 0 0
No. censored Median HR
D n Events (%) (95% CI) (95% Cl)  p-value
2013-2014 131 103 28 (21.4) 21.2(16.7 t0 29.0) Reference
2015-2016 21 160 51(24.2) 21.3(17.5t025.1) 1.12(0.87-1.44) 0.4
100 - 2017-2018 255 129 126 (49.4) 17.6 (16.1t0 23.4) 1.22 (0.93-1.61) 0.2
2 2019 160 22 138 (86.3) NE (NEtoNE) 1.04 (0.64-1.69) 0.9
= 754 :
Ke]
©
o]
o 50-
Q.
©
2 05—+ 2013-2014
E —+— 2015-2016
=} —+— 2017-2018
»n —— 2019
0 I I I I I I I I
0 5 10 15 20 25 30 35 40
Time (months)
Number at risk
2013-2014 131 110 93 75 61 51 45 38 30
2015-2016 211 173 145 125 104 81 63 47 28
2017-2018 255 216 161 108 53 32 13 1 0
2019 160 76 15 0 0 0 0 0 0

Figure 2. Effectiveness of T-DM1 in patients who initiated T-DM1 in any treatment line. (A) TTNT or
death; (B) TTLA of T-DM1 before discontinuation or death; (C) rwPFS; and (D) OS.CI = confidence
interval; NE = not estimable; No = number; OS = overall survival; rwPFS = real-world progression-
free survival; T-DM1 = trastuzumab emtansine; TTLA = time to last administration; TTNT = time to
next relevant treatment.

3.2.2. Pertuzumab-Naive Patients in the Secondary Cohort (1 = 62)

In the subgroup of pertuzumab-naive patients in the secondary cohort (1 = 62), the
mean time from mBC diagnosis to T-DM1 initiation was 16.8 months. In these patients,
median TTNT, TTLA, rwPFS, and OS were 9.4, 8.4, 8.0, and 28.0 months, respectively. The
small sample size did not permit stratification of pertuzumab-naive patients by year of
T-DML1 initiation.
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Time from mBC diagnosis to

T-DM1 initiation, months

70

60

50

40

30

20

10 4

1 1

Pertuzumab naive Pertuzumab experienced
(n=162) (n=246)
2013-2014 2015-2016 2017-2018 2019
(n=28) (n=71) (n=81) (n =66)

Figure 3. Time from diagnosis of mBC to initiation of T-DM1 in the secondary cohort. The secondary
cohort consisted of patients who initiated T-DM1 in the second-line setting following treatment with
trastuzumab =+ pertuzumab. The dots denote outliers, which were calculated per Tukey’s method
(Q3 +[1.5 x IQR]). From bottom to top, the bars denote the minimum, Q1, median, Q3, and maximum
(once outliers have been removed) values, respectively. IQR = interquartile range; mBC = metastatic
breast cancer; Q1 = first quartile; Q3 = third quartile; T-DM1 = trastuzumab emtansine.

3.3. Sensitivity Analysis: Patients from the Primary Cohort Initiating T-DM1 in Any Treatment
Line Stratified by Prior Pertuzumab Use and Calendar Year of T-DM1 Initiation (n = 757)

To evaluate the possible impact of how “second-line treatment” was defined, we
performed a sensitivity analysis in which patients from the primary cohort (n = 757) (i.e.,
all patients who received T-DM1 in any treatment line) were stratified on the basis of
prior pertuzumab use (yes vs. no). Of the 757 patients in the primary cohort, 462 were
pertuzumab-experienced and 295 were pertuzumab-naive.

?.3.1. Pe)rtuzumab-Experienced Patients in the Sensitivity Analysis of the Primary Cohort
n =462

Demographic and disease characteristics were generally similar when stratified by
year of T-DM1 initiation, but the mean time from diagnosis of mBC to initiation of T-DM1
increased from 13.6 months during 2013-2014 to 24.9 months in 2019 (Table A3). The overall
TINT, TTLA, rwPFES, and OS were 6.9, 5.3, 5.1, and 18.9 months, respectively. Median TTNT
increased numerically from 4.2 months during 2013-2014 to 7.9 months in 2019, and median
TTLA ranged from 3.5 months during 2013-2014 to 6.0 months during 2017-2018. Median
rwPFS increased numerically from 3.4 months during 2013-2014 to 6.6 months in 2019,
whereas median OS was generally stable over time (2013-2014: 21.1 months; 2017-2018:
17.8 months; Figure A3).
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3.3.2. Pertuzumab-Naive Patients in the Sensitivity Analysis of the Primary Cohort

(n = 295)

The mean time from mBC diagnosis to T-DM1 initiation was 15.7 months during
2013-2014 and 12.4 months during 2017-2018 among the pertuzumab-naive patients. The
overall TTNT, TTLA, rwPFS, and OS were 8.7, 6.9, 6.5, and 20.5 months, respectively; no
trend over time was observed.

A
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Figure 4. Effectiveness of T-DM1 in the secondary cohort. (A) TTNT or death; (B) TTLA of T-DM1
before dis-continuation or death; (C) rwPFS; and (D) OS. The secondary cohort consisted of patients
who initiated T-DM1 in the second-line setting following treatment with trastuzumab + pertuzumab.
CI = confidence interval; NE = not estimable; No = number; OS = overall survival; P = pertuzumab;
P+ = pertuzumab-exposed; rwPFS = real-world progression-free survival; T-DM1 = trastuzumab
emtansine; TTLA = time to last administration; TTNT = time to next relevant treatment.

3.4. Negative Control Analysis: Patients Initiating Lapatinib in the Second-Line Setting following
First-Line Treatment with Trastuzumab with or without Pertuzumab (n = 64)

A total of 64 patients initiated second-line lapatinib following first-line treatment
with trastuzumab and were included in the negative control cohort (Figure A2). Of these,
51 patients also received pertuzumab in the first-line setting and 13 patients did not.

3.4.1. Pertuzumab-Experienced Patients in the Negative Control Analysis (n = 51)

The mean time from mBC diagnosis to initiation of lapatinib increased from 11 months
during 2013-2014 to 24 months in 2019 (Table A4; Figure A4). Median TTNT increased
from 3.5 months during 2013-2014 to 11.5 months during 2017-2018 (Figure A5). Median
OS increased from 15.6 months during 2013-2014 to 23.1 months in 2017-2018, but was
10.3 months in 2019 (due to a single death event; Figure A5).
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3.4.2. Pertuzumab-Naive Patients in the Negative Control Analysis (1 = 13)

The mean time from mBC diagnosis to initiation of lapatinib was 12 months, median
TTNT was 9.3 months, and overall survival was 26.6 months.

4. Discussion

This real-world analysis provides important information on drug effectiveness and
impact of treatment sequencing in the absence of randomized controlled trial evidence.
In the primary cohort, the proportion of T-DM1-treated patients who were previously
administered pertuzumab increased from 37% during 2013-2014 to 73% in 2019, yet there
was no observable associated impact on the effectiveness of T-DM1 on patient outcomes. In
fact, in recent calendar years, in patients from the primary cohort who initiated T-DM1 in
any line following first-line treatment with H + P, outcomes were similar to those observed
in pertuzumab-naive patients. These results suggest that prior pertuzumab exposure does
not render patients less sensitive to T-DM1.

The outcomes and baseline characteristics of the primary cohort were generally sta-
ble over time, with some exceptions such as the increasing proportion of pertuzumab-
experienced patients and a 6.5-month increase in the mean time from diagnosis of mBC to
initiation of T-DM1. The latter was likely due to the clinical benefit of adding pertuzumab
to first-line trastuzumab.

In the pertuzumab-experienced subgroup of the secondary cohort (i.e., patients who
initiated T-DM1 in the second-line setting), the mean time from mBC diagnosis to T-
DML1 initiation substantially increased over time. This illustrates that patients who most
benefited from first-line pertuzumab were excluded in the earlier real-world studies of
T-DM1 undertaken shortly after its approval, demonstrating the selection bias built into
these early studies. Importantly, this selection bias is calendar time-dependent and occurred
only in the pertuzumab-experienced population because of the more recent approval of
pertuzumab compared to trastuzumab. These results may explain the improved outcomes
(e.g., median TTNT, TTLA, and rwPFS) observed in more recent years among pertuzumab-
experienced patients.

Collectively, these findings challenge the hypothesis that prior treatment with H + P
may render patients less sensitive to subsequent treatment with T-DM1, underscoring how
earlier real-world studies [6-9,18] did not account for selection bias. The selection bias
toward individuals who received only limited benefit from H + P (so-called “fast progres-
sors”) promotes an association between prior use of pertuzumab and poorer outcomes with
T-DM1. To our knowledge, only two other studies have suspected such a bias introduced
by novel targeted breast cancer treatments being approved in rapid succession; however,
these studies did not further describe this bias [18,28]. The lapatinib cohort exhibited trends
similar to the secondary cohort in terms of increase in time from metastatic diagnosis
and concomitant changes in outcomes, suggesting the selection bias still occurred even
when patients initiated a drug other than T-DM1. A similar association between prior
use of newer drugs and poorer outcomes with lapatinib treatment was also previously
reported [29]. Finally, the randomized phase IIIl DESTINY-Breast03 study demonstrated
that prior pertuzumab exposure did not influence T-DM1 efficacy in patients with HER2-
positive mBC. Within the T-DM1 treatment arm in DESTINY-Breast03, median PFS (95% CI)
was 6.8 months (5.4 to 8.3) among patients who received pertuzumab and 7.0 (4.2 to 9.7)
months among those who did not receive pertuzumab [20]. This further supports the
non-causal nature of the association previously reported between prior use of pertuzumab
and poorer outcomes with T-DM1.

Using stratification by both the calendar year of T-DM1 initiation and prior experience
on pertuzumab leads to changing results over time. Although our conclusions differ from
previous reports, accounting for study period and time since pertuzumab reimbursement
shows our numerical results tend to be in line with published literature. For instance,
Dzimitrowicz et al. reported a median treatment duration of 4 months in patients initiating
T-DML1 after pertuzumab up to July 2015 in the United States [11]. Additionally, the study
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period in Fabi et al. included data up to 2 years after pertuzumab reimbursement, which
may best compare to our 2013-2014 subgroup [7]. A comparison of rwPFS according to
pertuzumab experience resulted in an HR of 1.8 (95% CI: 1.1 to 2.9) which is similar to the
HR of 2.0 (95% CI: 1.1 to 3.6) reported by Fabi et al. We observed that the inclusion of more
contemporary pertuzumab-experienced patients resulted in a gradual decrease in HR. This
suggests that the effect observed is less likely to be a causal treatment effect of pertuzumab
experience on T-DM1 effectiveness than a selection bias that dilutes over calendar time.
Across all analyses, the trends in median OS were less apparent in relation to TTNT, TTLA,
and rwPFS, possibly because OS requires a longer duration of follow-up and is influenced
by treatments used subsequent to T-DM1.

In this study we highlight a common situation in which methods such as propensity
score are of limited help under this study design. Directly comparing patients with similar
prior clinical benefit (e.g., prior time from metastatic diagnosis to second-line initiation,
or prior time to progression) is not appropriate when patients received first-line regimens
with different effectiveness. Indeed, in such situations, the consistency condition (i.e., the
assumption that an individual’s potential outcome based on observed exposure history
is precisely the observed outcome) does not hold [30,31]. Furthermore, no patient in the
real-world setting who started on T-DM1 soon after its approval could have benefited from
pertuzumab for more than 8 months, due to the timing of pertuzumab approval in 2012.
Because this was not an issue for pertuzumab-naive patients, the positivity condition (i.e.,
the assumption that an individual has a positive probability of receiving all values of the
treatment variable) does not hold [32]. Because neither consistency nor positivity conditions
hold, properly interpreting differences in real-world outcomes in T-DM1-treated patients
stratified by prior pertuzumab use is difficult. The situation described here promotes a non-
causal association between poorer outcomes and the prior use of more recently approved
and more effective treatments.

This study had some limitations. Although the data for this analysis were population
based, data on disease progression were abstracted and recorded independently of treat-
ment information. This complicated the assessment of both line of therapy and rwPFS. To
investigate the impact of the definition of second-line therapy on the results, we conducted
a sensitivity analysis of the primary cohort, stratifying patients by prior pertuzumab use
and calendar year. Trends in the results of the sensitivity analysis of the primary cohort
were similar to those for the secondary cohort, suggesting that the observed findings were
not driven by our definition of “second-line therapy” and were independent of the treat-
ment line in which T-DM1 was initiated. Because the timing between treatment exposure
and disease progression can be difficult to determine retrospectively, especially in later
treatment lines, TTNT was selected as the primary endpoint for the present analysis. In the
sensitivity analysis of the primary cohort, the majority of patients (>90%) were censored
in 2019, and median OS and median TTNT were not reached. Another limitation is that
patient stratification in the secondary cohort by both calendar year of T-DM1 initiation
and prior pertuzumab exposure may have resulted in subgroup sizes that did not permit
the observation of small effects. In addition, the outcomes from our analysis are descrip-
tive, because we aimed to describe the challenge of using and interpreting RWD under
a specific study design in which groups of patients are defined by the failure of a prior
treatment. This design is commonly used in oncology [9,11,13,14,18,29,33-35] and can lead
to conflicting conclusions [34,36]. The target trial framework, in which large observational
databases can be used to emulate a randomized controlled trial, can improve the use and
interpretation of RWD and reconcile findings from observational research and randomized
clinical trials [32,36-38].

5. Conclusions

In conclusion, this analysis emphasizes how rapid innovations in healthcare increase
the relevance and necessity of using RWD adequately, illustrating the challenges in inter-
preting results that derive from intuitive study designs. The causal effect of prior treatments
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on the effectiveness of subsequent regimens may not be estimable by simply comparing
outcomes in subgroups defined by the response to different prior treatments. These find-
ings have implications on mBC in particular (vis-a-vis optimal treatment sequencing),
oncology in general, and personalized medicine more broadly. Our analysis suggests the
need to acknowledge selection biases that may lead to inappropriate or inaccurate data
interpretation in real-world studies.
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Appendix A. Supplemental Methods
Additional Information Regarding Treatment Line Definitions

A switch from one HER2-targeted therapy to another—or a gap of >84 days between
taxanes, anthracyclines, or HER2-targeted therapies—was regarded as an increase in the
line of treatment. The following were not considered an increase in treatment line: addition
of hormone therapy to a taxane or anthracycline, change from one taxane to another, change
from an anthracycline to a taxane, change from an anthracycline or taxane to hormone
therapy, change from frontline hormone monotherapy or anthracycline-based regimen to
trastuzumab-based second-line therapy, or a change from a taxane to vinorelbine while
maintaining HER2 treatment.
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Table Al. Summary of studies reporting effectiveness of T-DM1 post-pertuzumab.

Local Pertuzumab

Proxy for Disease Control

Compared Subgroups

Outcomes on T-DM1

Publication Fundine Date Study Period Achieved in Prior Line of . (Pertuzumab Experienced vs.
& Treatment in the Metastatic Setting ~ Pertuzumab Experienced Pertuzumab Naive Naive)
. . Opverall response rate (%) 51.7% 63.9% mPFS 5 vs. 11 mos
Fabi et al., 2017 [7] June 2014 (Ttaly) April 2012 to June 2016 1L PFS in months 8.0 12.0 HR = 2.0; 1.1-3.6
Noda-Narita et al., 1 April 2014 to Total duration of HER2-targeted mPFS 2.8 vs. 7.8 mos
2019 [6] August, 2013 (Japan) 28 February 2017 therapy prior to T-DM1, in months 151 310 HR = 3.1 [1.46-6.54]
. May 2014 to Median time from mBC diagnosis to mOS 12 vs. 19 mos
Ethier et al., 2021 [18] December 2013 (Canada) December 2017 T-DMI initiation, in days 1030 1525 HR = 1.3 [1.2-1.8] *
Daniels et al., . 1 October 2015 to Median duration of HER2 therapy Median T-DM1 duration 6.5 mos
2021 [14] July 2015 (Australia) 31 May 2019 prior to T-DM1 104 NA mOS 18.9 mos vs. NR
15 November 2013 to N (%) patiens with prior duration of o +
Conte et al., 2020 [10] June 2014 (Italy) 31 May 2018 treatment with pertuzumab < 1 year 74% (44/59) NA mPFS 6.3 mos
PFS1 only reported for overall 1L
Pizzuti et al., 2020 [8] June 2014 (Ttaly) December 2003 through not by prior pertuzumab experiend NA NA mPFS 5.6 vs. 8 mos
November 2017 .
in the T-DM1 group
. February 2013 through mPFS 4.0 vs. 6.0 mos
Vici et al., 2017 [9] June 2014 (Italy) July 2016 Not reported NA NA mOS 17.0 vs. 22.0 mos
Dzimitrowicz et al., 1 March 2013, and Median duration of treatment
2016 [11] June 2012 (U.S.) 15 July 2015 Not reported NA NA 4mos t
Gong et al., 2020 [12] December 2013 (Canada) (2012-2017) Not reported NA NA mOS 15.4 mos ¥
. mPFS 3.5 mos *
Michel et al., 2020 [13] March 2013 (Germany) Up to June 2019 Not reported NA NA mOS 225 mos *
mEFS 5.5 vs. 18.9 mos
Lupichuk et al., EFSHR 2.4 [1.5-3.8] *
2019 [25] December 2013 (Canada) Up to 1 March 2018 Not reported NA NA mOS 14.1 vs. 23.2 mos
OSHR 1.7 [1.0-2.9] *
Ml‘gggit‘f;;t] al, 2014 (Belgium) Up to 31 December 2016 Not reported NA NA mPFS 3.6 vs. 9.5 mos

* Inverse of the HR reported. ' Pertuzumab-experienced. ¥ Includes pertuzumab-naive and -experienced.
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Table A2. Demographic and disease characteristics on the index date @ in the secondary cohort P.

Pertuzumab Pertuzumab-Experienced (1 = 462)
Naive 2013-2014 2015-2016 2017-2018 2019 Overall Value ©
(n =62) (n = 28) n="71) (n=81) (= 66) (n = 246) P
Median age, years (IQR) 68 (57-77) 58 (52-67) 60 (53-67) 59 (51-70) 61 (53-69) 60 (52-69) 0.868
Median BMI, kg/m? (IQR) 28 (24-32) 30 (25-34) 28 (23-34) 30 (25-35) 28 (23-32) 29 (24-34) 0.235
Practice setting, 1 (%)
Academic <5 (<9) <5 (<18) 9 (13) 7(9) <5 (<8) 20 (8) 0.059
Community based 58 (94) 25 (89) 62 (87) 74 (91) 65 (98) 226 (92)
Metastatic status, n (%)
De novo 27 (44) 12 (43) 28 (39) 46 (57) 33 (50) 119 (48) 0.173
Recurrent 35 (56) 16 (57) 43 (61) 35 (43) 33 (50) 127 (52)
Median number of
metastatic sites, # (IQR) 3(24) 3(24) 3(24) 3(24) 3(24) 3(24) 0.616
Metastatic site, n (%)
Visceral 43 (69) 24 (86) 55 (77) 63 (78) 46 (70) 188 (76) 0.373
Bone 44 (71) 12 (43) 38 (54) 46 (57) 36 (55) 132 (54) 0.647
Liver 29 (47) 17 (61) 30 (42) 40 (49) 27 (41) 114 (46) 0.274
Lung 24 (39) 14 (50) 33 (46) 38 (47) 31 (47) 116 (47) 0.991
Distant lymph node 29 (47) 12 (43) 31 (44) 41 (51) 27 (41) 111 (45) 0.664
Brain 7 (11) <5 (<18) 15 (21) 18 (22) 18 (27) 54 (22) 0.364
Non-brain CNS <5 (<9) <5 (<18) <5 (<8) <5 (<7) <5 (<8) 7 (3) 0.572
Other <5(<9) <5 (<18) <5(<8) <5(<7) <5(<8) 10 (4) 0.880
Hormone receptor status, n
(%)
Positive 43 (69) 20 (71) 51 (72) 53 (65) 43 (65) 167 (68) 0.773
Negative 18 (29) 8(29) 20 (28) 28 (35) 23 (35) 79 (32)
Unknown <5(<9) <5 (<18) <5 (<8) <5(<7) <5 (<8) <5(<3)
Mean time from mBC
diagnosis to T-DM1 16.8 (13.1) 11.6 (6.5) 13.1 (8.5) 16.5 (11.0) 21.0 (16.4) 16.2 (12.1) 0.004

initiation, months (SD)

2 Date on or prior to 31 December 2019, that treatment with T-DM1 was initiated. b Patients who initiated
T-DML1 in the second-line setting following treatment with trastuzumab + pertuzumab. © Statistical tests
performed: Kruskal-Wallis test; chi-square test of independence; Fisher’s exact test. BMI = body mass index;
CNS = central nervous system; IQR = interquartile range; mBC = metastatic breast cancer; SD = standard
deviation; T-DM1 = trastuzumab emtansine.

Table A3. Demographic and disease characteristics on the index date ? in the primary cohort b

stratified by prior pertuzumab use.

Pertuzumab- Pertuzumab-Experienced (n = 462)
Naive 2013-2014 2015-2016 2017-2018 2019 Overall Value
(n = 295) (n=48) (n=131) (n =167) (n =116) (n =462) P
Median age, years (IQR) 65 (55-74) 58 (51-67) 59 (51-67) 61 (51-70) 61 (53-69) 60 (52-69) 0.279
Median BMI, kg/m? (IQR) 28 (24-32) 28 (24-33) 27 (24-34) 29 (24-33) 28 (23-33) 28 (23-33) 0.849
Practice setting, n (%)
Academic 18 (6) 6 (12) 15 (11) 14 (8) 8(7) 43 (9) 0.498
Community based 277 (94) 42 (88) 116 (89) 153 (92) 108 (93) 419 (91)
Metastatic status, n (%)
De novo 87 (29) 20 (42) 51 (39) 89 (53) 60 (52) 220 (48) 0.055
Recurrent 208 (71) 28 (58) 80 (61) 78 (47) 56 (48) 242 (52)
Median number of
metastatic sites,  (IQR) 2 (1-4) 3(24) 3(2-4) 3(2-4) 3(2-4) 3(2-4) 0.780
Metastatic site, n (%)
Visceral 172 (58) 37 (77) 106 (81) 122 (73) 83 (72) 348 (75) 0.304
Bone 163 (55) 29 (60) 76 (58) 111 (66) 75 (65) 291 (63) 0.470
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Table A3. Cont.

Pertuzumab- Pertuzumab-Experienced (n = 462)
Naive 20132014  2015-2016 20172018 2019 Overall Val
(n = 295) (n = 48) (n=131) (n=167) (n=116) (n = 462) p-ratue
Distant lymph node 135 (46) 21 (44) 60 (46) 91 (54) 50 (43) 222 (48) 0.209
Lung 115 (39) 20 (42) 64 (49) 74 (44) 54 (47) 212 (46) 0.802
Liver 100 (34) 26 (54) 62 (47) 83 (50) 51 (44) 222 (48) 0.636
Brain 49 (17) 10 (21) 37 (28) 41 (25) 32 (28) 120 (26) 0.719
Non-brain CNS 8 (3) <5 (<11) <5 (<4) 7 (4) <5 (<5) 20 (4) 0.501
Other 11 (4) <5 (<11) 7 (5) 9 (5) 8 (7) 24 (5) 0.327
Hormone receptor status, n
(%)
Positive 207 (70) 33 (69) 99 (76) 129 (77) 86 (74) 347 (8) 0.678
Negative 85 (29) 15 (31) 32 (24) 38 (23) 30 (26) 115 (25)
Unknown <5(<2) <5 (<11) <5 (<4) <5(<3) <5 (<5) <5(<2)
Approximate number of
prior lines of therapy, n (%)
104 (35) <4 (<9) <4 (<4) <4 (<3) <4 (<4) <4 (<1)
1 88 (30) 28 (58) 71 (54) 82 (49) 67 (58) 248 (54) 0381 <
2 60 (20) 9 (19) 36 (27) 55 (33) 22 (19) 122 (26) :
3 20 (7) 8 (17) 12 9) 13 (8) 20 (17) 53 (11)
4 10 (3) <5 (<11) <5 (<4) 6 (4) <5 (<5) 16 (3)
>5 13 (4) <5 (<11) 8 (6) 11(7) <5 (<5) 22 (5)
Mean time from mBC
diagnosis to T-DM1 14.2 (15.4) 13.6 (7.6) 16.6 (11.3) 215 (13.3) 24.9 (17.4) 20.1 (14.0) <0.001

initiation, months (SD)

@ Date on or prior to 31 December 2019, that treatment with T-DM1 was initiated. b Patients who received
T-DM1 in any treatment line. ¢ Due to sample size, the comparison is between 0-1 vs. 2 prior lines of therapy.
BMI = body mass index; CNS = central nervous system; IQR = interquartile range; mBC = metastatic breast cancer;
SD = standard deviation; T-DM1 = trastuzumab emtansine.

Table A4. Demographic and disease characteristics on the index date ? in the lapatinib cohort P
stratified by prior pertuzumab use.

Pertuzumab Pertuzumab-Experienced (1 = 51) (Onv=er;41)l
Naive
aSH s weewrs
Median age, years (IQR) 63 (59-78) 58 (54-68) 63 (53-70) 62 (54-69) 62 (57-67) 0.897 62 (54-69)
Metastatic status, n (%)
De novo 6 (46) <5 (<46) <5(<32) 9 (56) 6 (75) 0.323 33 (52)
Recurrent 7 (54) 8(73) 7 (44) 7 (44) <5 (<63) 31 (48)
Median BMI, kg/m? (IQR) 25 (22-33) 26 (24-28) 30 (26-31) 26 (24-31) 24 (22-27) 0.243 27 (23-31)
BMI categorization, n (%) 0.533
Underweight (18.5 kg/m?) <5 (<39) <5 (<46) 0 0 0 <5 (<8)
Normal (19.5-24.9 kg/m?) 6 (46) <5 (<46) <5(<32) 7 (44) <5 (<63) 24 (39)
Overweight (25.0-29.9 kg/m?) <5 (<39) <5 (<46) <5(<32) <5(<32) <5 (<63) 17 (28)
Obese (>30 kg/m?) <5 (<39) <5 (<46) 7 (50) <5(<32) <5 (<63) 18 (30)
Unknown 0 <5 (<46) <5(<32) 0 0 <5 (<8)
Hormone receptor status, 1 (%) 0.495
Positive 7 (54) 8(73) 13 (81) 12 (75) <5 (<63) 44 (69)
Negative <5 (<39) <5 (<46) <5(<32) <5(<32) <5 (<63) 19 (30)
Unknown <5 (<39) 0 0 0 0 <5 (<8)
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Table A4. Cont.

Pertuzumab Pertuzumab-Experienced (n = 51) (OnV:r;ll)l
Niive 2013-2014 2015-2016 2017-2018 2019
=1 (n =11) (n=16) (n=16) =89) p-Value
Practice setting 0.028
Academic <5 (<39) 0 0 0 <5 (<63) <5 (<8)
Community-based 12 (92) 11 (100) 16 (100) 16 (100) 6 (75) 61 (95)
e e Ry e 2(1-3) 3(3-4) 4(3-5) 3(2-5) 4(1-5) 0161 3(2-5)
Metastatic site, n (%)

Bone 8 (62) 8 (73) 12 (75) 12 (75) <5 (<63) 0.905 45 (70)

Visceral 7 (54) 7 (64) 14 (88) 11 (69) <5 (<63) 0.348 44 (69)

Brain <5 (<39) <5 (<46) 10 (62) 8 (50) <5 (<63) 0.790 32 (50)

Liver <5(<39) <5 (<46) 10 (62) 8 (50) <5 (<63) 0.139 29 (45)

Distant lymph node <5 (<39) <5 (<46) 6 (38) 9 (56) <5 (<63) 0.147 27 (42)
Lung 6 (46) <5 (<46) 8 (50) <5 (<32) <5 (<63) 0.873 27 (42)
Non-brain CNS 0 <5 (<46) 0 <5(<32) 0 0.176 <5 (<8)
Other 0 <5 (<46) 0 <5 (<32) <5 (<63) 0.108 <5 (<8)

Prior treatments, n (%)

One prior treatment line 13 (100) 11 (100) 16 (100) 16 (100) 8 (100) NA 64 (100)
HER2-targeted treatments 13 (100) 11 (100) 16 (100) 16 (100) 8 (100) NA 64 (100)

Pertuzumab 0 11 (100) 16 (100) 16 (100) 8 (100) NA 51 (80)
Trastuzumab 13 (100) 11 (100) 16 (100) 16 (100) 8 (100) NA 64 (100)
T-DM1 0 <5 (<46) 0 0 0 0.297 <5 (<8)

Time from mBC diagnosis to
lapatinib initiation, months

Median (IQR) 11 (7-16) 8 (7-17) 14 (11-19) 17 (13-23) 25 (15-29) 0.026 14 (9-20)

Mean (SD) 12(7) 11 (7) 16 (9) 18 (8) 24 (13) 0.026 16 (9)

Index year, n (%) NA

2013-2014 6 (46) 11 (100) 0 0 0 17 (27)

2015-2016 <5(<39) 0 16 (100) 0 0 18 (28)

2017-2018 <5 (<39) 0 0 16 (100) 0 19 (30)

2019 <5(<39) 0 0 0 8 (100) 10 (16)

2 Date on or prior to 31 December 2019, when treatment with lapatinib was initiated. ® Patients who received 2L
lapatinib. 2L = second-line; BMI = body mass index; CNS = central nervous system; DLN = distant lymph node;
HER2 = human epidermal growth factor receptor 2; IQR = interquartile range; mBC = metastatic breast cancer;
SD = standard deviation; T-DM1 = trastuzumab emtansine.
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Patient flow

mBC diagnosis
(n=21,804)
Cohort stratification

mBC diagnosis on or N
after January 1, 2011 Primary cohort (n =757)
(n=21,804) § Pts who initiated T-DM1 in any treatment line
’ Stratified by calendar
year of T-DM1 initiation

Visit within 90 days of mBC
diagnosis (n = 18,099)

218 years on the index date®

(n=984)
. 2013-2014 (n =131) Secondary cohort (n = 308) . .
Without ttive foll
e noer) T 2015-2016 (n = 211) | | Pts who initiated T-DH in the 2L Sensithvity analysis
2017-2018 (n = 255) setting following 1L trastuzumab P 0 :;'57)
2019 (n = 160) + pertuzumab

<84 days between visits
up to the time of the index

date (n = 859) Stratified by pertuzumab

exposure and calendar
year of T-DM1 initiation

Index date on or after

February 22, 2013¢ (n = 858) -
Pertuzumab experienced
) (n=462)
No evidence of eBC Pertuzumab experienced *2013-2014 (n =48)
treatment in the 60-90 days (n=246) +2015-2016 (n = 131)
prior to mBC diagnosis +2013-2014 (n = 28) +2017-2018 (n = 167)
(n=772) +2015-2016 (n=71) +2019 (n = 116)
©2017-2018 (n=81) Pertuzumab naive (n = 295)
Not enrolled in a clinical trial +2019 (n =66) *2013-2014 (n = 83)
between the date of the mBC Pertuzumb naive (n = 62) *2015-2016 (n = 80)
diagnosis and the index date *2017-2018 (n = 88)
(n=157) +2019 (n = 44)

Figure Al. Patient flow diagram for the primary and secondary cohorts. # Date on or prior to
31 December 2019 that treatment with T-DM1 was initiated. ® Death prior to the mBC diagnosis
date. ¢ Date T-DM1 was approved by the US Food and Drug Administration. 1L = first line;
2L = second line; eBC = early breast cancer; mBC = metastatic breast cancer; pts = patients;

T-DM1 = trastuzumab emtansine.

mBC diagnosis
(n=21,804)

I

mBC diagnosis on or
after January 1, 2011
(n=21,804)

]
Visit within 90 days of mBC
diagnosis (n = 18,099)

I
218 years on the index date*
(n=538)
I
Without negative follow-up
timet (n = 525)
|

<90 days between visits
up to the time of the index
date (n =461)
]
Index date on or after
February 22, 2013¢ (n = 371)

]

No evidence of eBC
treatment in the 60-90 days
prior to mBC diagnosis
(n=335)

I

Not enrolled in a clinical trial

between the date of the mBC

diagnosis and the index date
(n=323)

I

No negative follow-up time
for any endpoint
(n=321)

I

Initiated 2L lapatinib after
trastuzumab * pertuzumab
(n=864)

Figure A2. Patient flow diagram for patients initiating lapatinib following 1L trastuzumab. * Date on
or prior to 31 December 2019 that treatment with lapatinib was initiated. T Death prior to the mBC
diagnosis date. ¥ Date T-DM1 was approved by the US Food and Drug Administration. 1L = first
line; 2L = second line; eBC = early breast cancer; mBC = metastatic breast cancer; pts = patients.
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A No. censored Median HR
n Events (%) (95% CI) (95% CI) P-value
Pertuzumab naive 295 191 104 (35.3) 8.7(7.41t0 10.9) Reference
Pertuzumab experienced
2013-2014 48 44 4(8.3) 42(3.0t08.6) 2.01(1.45-2.80) <0.001
2015-2016 131 108 23(176) 5.1(41t07.9) 1.54(1.22-1.95) <0.001
100 2017-2018 167 120 47 (28.1) 82(661t09.9) 1.21(0.96-1.52) 0.1
- 2019 116 38 78 (67.2) 7.9(5.8toNA) 1.09(0.77-1.56) 0.6
=
= -
Z 75 ——j— P naive
o —j— P+ 2013-2014
© —f— P+ 2015-2016
| 907 —f— P+2017-2018
;5_ —f— P+ 2019
E 254
E ——H———hy
by e
0 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40
Time (months)
Number at risk
Pertuzumab naive 295 175 97 62 47 33 18 13 9
Pertuzumab experienced
2013-2014 48 20 9 5 2 2 1 1 1
2015-2016 131 64 36 16 8 7 5 4
2017-2018 167 103 56 26 " 4 2 0 o]
2019 116 48 5 0 0 0 0 o]
B No. censored Median HR
n Events (%) (95% CI) (95% CI) P-value
Pertuzumab naive 295 198 97 (32.9) 6.9(56108.3) Reference
Pertuzumab experienced
2013-2014 48 42 6 (12.5) 35(21t07.0) 1.80(1.29-2.51) <0.001
100 2015-2016 131 111 20(15.3) 3.7(2.8t05.3) 1.58(1.25-2.00) <0.001
o 2017-2018 167 125 42(252) 6.0(49t07.6) 1.26(1.00-1.58) 0.047
3‘“_ 2019 1186 32 84 (724) MNA(5.8toNA) 0.76(0.52-1.11) 0.2
=
£ e P naive
=] —j— P+ 2013-2014
© e P+ 2015-2016
S —f— P+2017-2018
E. =—f— P+ 2019
<
|
|_
~ .—'ﬁ t ——
T T

Pertuzumab naive
Pertuzumab experienced
2013-2014

2015-2016

2017-2018

2019

0 5 10 15 20 25
Time (months)
Number at risk

295 137 78 48 31 20
48 16 8 3 1 1
131 48 20 12 8 7
167 78 40 14 6 2

116 34 4 0 0 0

Figure A3. Cont.
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C No. censored Median HR
n Events (%) (95% CI) (95% CI) P-value
Pertuzumab naive 295 219 76 (25.8) 6.5(5.7t08.0) Reference
Pertuzumab experienced
2013-2014 48 45 3(6.3) 34(27t06.0) 1.83(1.33-2.53) <0.001
100 = 2015-2016 131 124 7:(53) 39(29t05.1) 1.63(1.31-2.04) <0.001
2 2017-2018 167 136 31(18.6) 5.3(44t06.7) 1.31(1.05-1.63) 0.015
= 75 2019 116 42 74 (63.8) 6.6(5.3to NA) 0.95(0.68-1.32) 0.7
= -
= —}— P naive
.g e P+ 2013-2014
Q2 50 - —j— P+ 2015-2016
= —— P+2017-2018
2. —— P+2019
ri
né 25 T
0 T T T T T T T T
0 5 10 15 20 25 30 35 40
Time (months)
Number at risk
Pertuzumab naive 295 158 86 59 43 30 20 16 10
Pertuzumab experienced
2013-2014 48 18 6 3 3 2 2 2 2
2015-2016 131 55 27 12 9 9 8 5 3
2017-2018 167 82 41 15 6 2 1 0 0
2019 116 41 5 o] 0 o] 0 0 o]
D No. censored Median HR
n Events (%) (95% CI) (95% CI) P-value
Pertuzumab naive 205 173 122 (41.4) 20.6 (17.1 to 25.8) Reference
Pertuzumab experienced
2013-2014 48 40 8(16.7) 21.1(10.3t0 34.6) 1.12(0.79-1.58) 0.5
2015-2016 131 107 24 (18.3) 17.8(15.7t0 24.5) 1.25(0.98-1.59) 0.071
2017-2018 167 82 85(50.9) 17.8(17.0t026.6) 1.08 (0.82-1.41) 06
100 2019 116 12 104 (89.7) NA(NAtoNA) 0.71(0.39-1.29) 0.3
ES
)
£ 754
0
©
el
g_ 50 4
— == P naive
g —— P+2013-2014
S 257 —— P+2015-2016
5 —f— P+ 2017-2018
w —f— P+ 2018
0 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40
Time (months)
Number at risk
Pertuzumab naive 295 223 169 130 101 80 63 50 33
Pertuzumab experienced
2013-2014 48 39 30 24 22 19 17 14 10
2015-2016 131 107 90 75 59 46 33 21 15
2017-2018 167 149 13 79 36 19 8 1 0
2019 116 57 12 0 0 0 0 0 0

Figure A3. Sensitivity analysis of the effectiveness of T-DM1 in the primary cohort stratified
by prior pertuzumab use. (A) TTNT or death; (B) TTLA of T-DM1 before discontinuation or
death; (C) rwPFS; and (D) OS. The primary cohort consisted of patients who initiated T-DM1
in any treatment line.CI = confidence interval; NE = not estimable; No = number; OS = overall

survival; P = pertuzumab; P+ = pertuzumab-exposed; rwPFS = real-world progression-free sur-
vival;, T-DM1 = trastuzumab emtansine; TTLA = time to last administration; TTNT = time to next

relevant treatment.
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Eao
< £ 157
£ Q.
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Pertuzumab naive Pertuzumab experienced
(n=13) (n=51)
2013-2014 2015-2016 2017-2018 2019
(n=11) (n=16) (n=16) (n=8)

Figure A4. Time from mBC diagnosis to initiation of lapatinib following 1L trastuzumab. The dots
denote outliers, which were calculated per Tukey’s method (Q3 + [1.5 x IQR]). From bottom to top,
the bars denote the minimum, Q1, median, Q3, and maximum (once outliers have been removed)
values, respectively. IQR = interquartile range; mBC = metastatic breast cancer; Q1 = first quartile;
Q3 = third quartile; T-DM1 = trastuzumab emtansine.

No. censored Median HR
n Events (%) (95% Cl) (95% CI) P-value
Pertuzumab naive 13 8 5(38.5) 9.3 (7.4 toNE) Reference
Pertuzumab experienced
2013-2014 " 11 0 3.5(24to NE) 2.80(1.06-7.37) 0.037
2015-2016 16 14 2(12.5) 52(25t0184) 2.01(0.81-5.03) 0.13
2017-2018 16 10 6(37.5) 11.5(40toNE) 1.26(047-3.37) 06
2019 3 2 6(75.0) NE(3.9toNE) 1.01(0.20-4.96) >0.9
100 -
75 = e P n@ive
e P+ 2013-2014
m—f— P+ 2015-2016
50+ —f— P+ 2017-2018
—f— P+ 2019
|
0 T T T |

0 5 10 15 20
Time (months)

Number at risk

Pertuzumab experienced
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2015-2016 16
2017-2018 16

8 2 2 2
4 2 1 0
8 4 2 1
9 6 4 1
2019 8 3 0 0 0

Figure A5. Cont.
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B No. censored Median HR
n Events (%) (95% Cl) (95% Cl) P-value
Pertuzumab naive 13 7 6 (46.2) 26.6(15.0to NE) Reference
Pertuzumab experienced
2013-2014 11 10 1(9.1) 15.6(13.5to NE) 1.59(0.604.17) 0.3
2015-2016 16 12 4(25.0) 16.9(6.7toNE) 1.80(0.70-4.65) 0.2
2017-2018 16 7 9(56.3) 23.1(15.8to NE) 1.31(0.45-3.83) 0.6
2019 8 1 7(87.5) 103 (NEtoNE) 0.98(0.12-8.43) =0.9
100 =t

ES

= P naive

2 75 P+ 2013-2014

i e P+ 2015-2016

g =—f— P+ 2017-2018

o 50~ P+ 2019

o

s

= 25 . .

z }

=

(]

0 T T T T T T T
0 5 10 15 20 25 30 35 40

Time (months)

Number at risk

13 " 8 6 5 5 3 3 3
Pertuzumab experienced
" 9 8 6 5 4 4 3 2
2015-2016 16 13 10 9 6 5 2 2 2
2017-2018 16 1" 9 8 4 2 1 1 0
8 5 1 0 0 0 0 0 0

Figure A5. Effectiveness of 2L lapatinib following a 1L trastuzumab-containing regimen. (A) TTNT
or death; (B) OS. 1L = first-line; 2L = second-line; CI = confidence interval; NE = not estimable;
No = number; OS = overall survival; P = pertuzumab; P+ = pertuzumab-exposed; rwPFS = real-
world progression-free survival; TTNT = time to next relevant treatment.

References

1.

Leo, C.P; Leo, C.; Szucs, T.D. Breast cancer drug approvals by the US FDA from 1949 to 2018. Nat. Rev. Drug. Discov. 2020, 19, 11.
[CrossRef]

National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology. Breast Cancer. Version 4.2021.
Available online: https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf (accessed on 23 April 2021).

Verma, S.; Miles, D.; Gianni, L.; Krop, L.E.; Welslau, M.; Baselga, J.; Pegram, M.; Oh, D.-Y.; Diéras, V.; Guardino, E.; et al.
Trastuzumab emtansine for HER2-positive advanced breast cancer. N. Engl. . Med. 2012, 367, 1783-1791. [CrossRef] [PubMed]
Krop, LE,; Kim, S.B.; Gonzalez-Martin, A.; LoRusso, PM.; Ferrero, ].M.; Smitt, M.; Yu, R.; Leung, A.C.E; Wildiers, PH. Trastuzumab
emtansine versus treatment of physician’s choice for pretreated HER2-positive advanced breast cancer (TH3RESA): A randomised,
open-label, phase 3 trial. Lancet Oncol. 2014, 15, 689—699. [CrossRef]

Patel, A.; Unni, N.; Peng, Y. The changing paradigm for the treatment of HER2-positive breast cancer. Cancers 2020, 12, 2081.
[CrossRef] [PubMed]

Noda-Narita, S.; Shimomura, A.; Kawachi, A.; Sumiyoshi-Okuma, H.; Sudo, K.; Shimoi, T.; Noguchi, E.; Yonemori, K.; Shimizu, C.;
Fujiwara, Y.; et al. Comparison of the efficacy of trastuzumab emtansine between patients with metastatic human epidermal
growth factor receptor 2-positive breast cancers previously treated with combination trastuzumab and pertuzumab and with
trastuzumab only in Japanese population. Breast Cancer 2019, 26, 492-498. [PubMed]

Fabi, A.; Giannarelli, D.; Moscetti, L.; Santini, D.; Zambelli, A.; Laurentiis, M.D.; Caruso, M.; Generali, D.; Valle, E.; Leonardi, V,;
et al. Ado-trastuzumab emtansine (T-DM1) in HER2+ advanced breast cancer patients: Does pretreatment with pertuzumab
matter? Future Oncol. 2017, 13, 2791-2797. [CrossRef]

Pizzuti, L.; Krasniqi, E.; Barchiesi, G.; Della Giulia, M.; Izzo, F; Sanguineti, G.; Marchetti, P.; Mazzotta, M.; Giusti, R.; Botticelli, A.;
et al. Distinct HR expression patterns significantly affect the clinical behavior of metastatic HER2+ breast cancer and degree of
benefit from novel anti-HER?2 agents in the real world setting. Int. ]. Cancer 2020, 146, 1917-1929. [CrossRef]

Vici, P; Pizzuti, L.; Michelotti, A.; Sperduti, I.; Natoli, C.; Mentuccia, L.; Di Lauro, L.; Sergi, D.; Marchetti, P.; Santini, D.; et al. A
retrospective multicentric observational study of trastuzumab emtansine in HER?2 positive metastatic breast cancer: A real-world
experience. Oncotarget 2017, 8, 56921-56931. [CrossRef]


http://doi.org/10.1038/d41573-019-00201-w
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
http://doi.org/10.1056/NEJMoa1209124
http://www.ncbi.nlm.nih.gov/pubmed/23020162
http://doi.org/10.1016/S1470-2045(14)70178-0
http://doi.org/10.3390/cancers12082081
http://www.ncbi.nlm.nih.gov/pubmed/32731409
http://www.ncbi.nlm.nih.gov/pubmed/30737616
http://doi.org/10.2217/fon-2017-0336
http://doi.org/10.1002/ijc.32583
http://doi.org/10.18632/oncotarget.18176

Cancers 2022, 14, 2468 24 of 25

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Conte, B.; Fabi, A.; Poggio, F.; Blondeaux, E.; Dellepiane, C.; D’Alonzo, A.; Buono, G.; Arpino, G.; Magri, V.; Naso, G.; et al. T-DM1
efficacy in patients with HER2-positive metastatic breast cancer progressing after a taxane plus pertuzumab and trastuzumab:
An Italian multicenter observational study. Clin. Breast Cancer 2020, 20, e181-€187. [CrossRef]

Dzimitrowicz, H.; Berger, M.; Vargo, C.; Hood, A.; Abdelghany, O.; Raghavendra, A.S.; Tripathy, D.; Valero, V.; Hatzis, C.;
Pusztai, L.; et al. T-DM1 activity in metastatic human epidermal growth factor receptor 2-positive breast cancers that received
prior therapy with trastuzumab and pertuzumab. J. Clin. Oncol. 2016, 34, 3511-3517. [CrossRef]

Gong, 1.Y; Yan, A.T.; Earle, C.C; Trudeau, M.E,; Eisen, A.; Chan, KKK.W. Comparison of outcomes in a population-based cohort of
metastatic breast cancer patients receiving anti-HER?2 therapy with clinical trial outcomes. Breast Cancer Res. Treat. 2020, 181,
155-165. [CrossRef] [PubMed]

Michel, L.L.; Hartkopf, A.D.; Fasching, P.A.; Kolberg, H.-C.; Hadji, P,; Tesch, H.; Haberle, L.; Ettl, J.; Liiftner, D.; Wallwiener, M.;
et al. Progression-free survival and overall survival in patients with advanced HER2-positive breast cancer treated with
trastuzumab emtansine (T-DM1) after previous treatment with pertuzumab. Cancers 2020, 12, 3021. [CrossRef] [PubMed]
Daniels, B.; Kiely, B.E.; Tang, M.; Houssami, N.; Lord, S.J.; Pearson, S.-A. Trastuzumab emtansine for HER2-positive metastatic
breast cancer: Outcomes from a whole-of-population Australian cohort. Breast 2021, 58, 106-112. [CrossRef] [PubMed]

Cottu, P; Coudert, B.; Perol, D.; Doly, A.; Manson, J.; Aujoulat, O.; Barletta, H.; Chalabi, N.; Samelson, L.; Pivot, X. Evolution in
the real-world therapeutic strategies in more than 20,000 women with breast cancer having received human epidermal growth
factor receptor 2-targeted treatments: Results from the french personalized reimbursement model database (2011-2018). Eur. J.
Cancer 2020, 141, 209-217. [CrossRef]

Swain, S.M.; Kim, S.-B.; Cortes, J.; Ro, J.; Semiglazov, V.; Campone, M.; Ciruelos, E.; Ferrero, ].-M.; Schneeweiss, A.; Knott, A ; et al.
Pertuzumab, trastuzumab, and docetaxel for HER2-positive metastatic breast cancer (CLEOPATRA study): Overall survival
results from a randomised, double-blind, placebo-controlled, phase 3 study. Lancet Oncol. 2013, 14, 461-471. [CrossRef]

Robert, N.J.; Goertz, H.-P.; Chopra, P; Jiao, X.; Yoo, B.; Patt, D.; Antao, V. HER2-positive metastatic breast cancer patients receiving
pertuzumab in a community oncology practice setting: Treatment patterns and outcomes. Drugs Real World Outcomes 2017, 4, 1-7.
[CrossRef]

Ethier, ].-L.; Desautels, D.; Robinson, A.; Amir, E.; Kong, W.; Booth, C.M. Practice patterns and outcomes of novel targeted agents
for the treatment of ERBB2-positive metastatic breast cancer. JAMA Oncol. 2021, 7, €212140. [CrossRef]

Moinard-Butot, F.; Saint-Martin, C.; Pflumio, C.; Carton, M.; Jacot, W.; Cottu, P.-H.; Diéras, V.; Dalenc, E.; Goncalves, A.;
Debled, M.; et al. Efficacy of trastuzumab emtansine (T-DM1) and lapatinib after dual HER2 inhibition with trastuzumab and
pertuzumab in patient with metastatic breast cancer: Retrospective data from a French multicenter real-life cohort. Breast 2022, 63,
54-60. [CrossRef]

Cortés, J.; Kim, S.-B.; Chung, W.-P,; Im, S.-A.; Park, YH.; Hegg, R.; Kim, M.H.; Tseng, L.-M.; Petry, V.; Chung, C.-E; et al.
Trastuzumab deruxtecan versus trastuzumab emtansine for breast cancer. N. Engl. J. Med. 2022, 386, 1143-1154. [CrossRef]

Ma, X.; Long, L.; Moon, S.; Adamson, B.J.S.; Baxi, S.S. Comparison of population characteristics in real-world clinical oncology
databases in the US: Flatiron Health, SEER, and NPCR. Preprint. medRxiv 2020. [CrossRef]

Birnbaum, B.; Nussbaum, N.; Seidl-Rathkopf, K.; Agrawal, M.; Estevez, M.; Estola, E.; Haimson, J.; He, L.; Larson, P;
Richardson, P. Model-Assisted Cohort Selection with Bias Analysis for Generating Large-Scale Cohorts from the EHR for
Oncology Research. Cornell University Library. 13 January 2020. arXiv 2020, arXiv:2001.09765.

Lipsitch, M.; Tchetgen, E.; Cohen, T. Negative controls: A tool for detecting confounding and bias in observational studies.
Epidemiology 2010, 21, 383-388. [CrossRef] [PubMed]

Zhang, Q.; Gossai, A.; Monroe, S.; Nussbaum, N.C.; Parrinello, C.M. Validation analysis of a composite real-world mortality
endpoint for patients with cancer in the United States. Health Serv. Res. 2021, 56, 1281-1287. [CrossRef] [PubMed]

Rivera, D.R.; Henk, H.]J.; Garrett-Mayer, E.; Christian, J.B.; Belli, A.].; Bruinooge, S.S.; Espirito, ].L.; Sweetnam, C.; Izano, M.A;
Natanzon, Y.; et al. The Friends of Cancer Research Real-World Data Collaboration Pilot 2.0: Methodological recommendations
from oncology case studies. Clin. Pharmacol. Ther. 2022, 111, 283-292. [CrossRef]

Griffith, S.D.; Tucker, M.; Bowser, B.; Calkins, G.; Chang CH, J.; Guardino, E.; Khozin, S.; Kraut, J.; You, P; Schrag, D.; et al.
Generating real-world tumor burden endpoints from electronic health record data: Comparison of RECIST, radiology-anchored,
and clinician anchored approaches for abstracting real-world progression in non-small cell lung cancer. Adv. Ther. 2019, 21,
2122-2136. [CrossRef]

Curtis, M.D,; Griffith, S.D.; Tucker, M.; Taylor, M.D.; Capra, W.B.; Carrigan, G.; Holzman, B.; Torres, A.Z.; You, P,; Arnieri, B.; et al.
Development and validation of a high-quality compsite real-world mortality endpoint. Health Serv. Res. 2018, 53, 4460-4476.
[CrossRef]

Lupichuk, S.; Cheung, W.Y.; Stewart, D. Pertuzumab and trastuzumab emtansine for human epidermal growth factor receptor-
2-positive metastatic breast cancer: Contemporary population-based outcomes. Breast Cancer 2019, 13, 1178223419879429.
[CrossRef]

Baez-Vallecillo, L.; Raghavendra, A.S.; Hess, K.R.; Barcenas, C.H.; Moulder, S.L.; Tripathy, D.; Valero, V.; Murthy, R.K. Lapatinib
activity in metastatic human epidermal growth factor receptor 2-positive breast cancers that received prior therapy with
trastuzumab, pertuzumab, and/or ado-trastuzumab emtansine (T-DM1). Breast Cancer Res. Treat. 2019, 176, 227-234. [CrossRef]
Cole, S.R.; Frangakis, C.E. The consistency statement in causal inference: A definition or an assumption? Epidemiology 2009, 20,
3-5. [CrossRef]


http://doi.org/10.1016/j.clbc.2019.09.001
http://doi.org/10.1200/JCO.2016.67.3624
http://doi.org/10.1007/s10549-020-05614-5
http://www.ncbi.nlm.nih.gov/pubmed/32236828
http://doi.org/10.3390/cancers12103021
http://www.ncbi.nlm.nih.gov/pubmed/33080911
http://doi.org/10.1016/j.breast.2021.05.001
http://www.ncbi.nlm.nih.gov/pubmed/33992964
http://doi.org/10.1016/j.ejca.2020.10.012
http://doi.org/10.1016/S1470-2045(13)70130-X
http://doi.org/10.1007/s40801-016-0102-5
http://doi.org/10.1001/jamaoncol.2021.2140
http://doi.org/10.1016/j.breast.2022.03.004
http://doi.org/10.1056/NEJMoa2115022
http://doi.org/10.1101/2020.03.16.20037143
http://doi.org/10.1097/EDE.0b013e3181d61eeb
http://www.ncbi.nlm.nih.gov/pubmed/20335814
http://doi.org/10.1111/1475-6773.13669
http://www.ncbi.nlm.nih.gov/pubmed/33998685
http://doi.org/10.1002/cpt.2453
http://doi.org/10.1007/s12325-019-00970-1
http://doi.org/10.1111/1475-6773.12872
http://doi.org/10.1177/1178223419879429
http://doi.org/10.1007/s10549-018-05081-z
http://doi.org/10.1097/EDE.0b013e31818ef366

Cancers 2022, 14, 2468 25 of 25

31.

32.

33.

34.

35.

36.

37.

38.

39.

Hernan, M.A.; Taubman, S.L. Does obesity shorten life? The importance of well-defined interventions to answer causal questions.
Int. J. Obes. 2008, 32 (Suppl. S3), S8-S14. [CrossRef]

Hernan, M.A ; Robins, ]. M. Estimating causal effects from epidemiological data. J. Epidemiol. Community Health 2006, 60, 578-586.
[CrossRef]

Lambertini, M.; Ferreira, A.R.; Poggio, F.; Puglisi, F; Bernardo, A.; Montemurro, E; Poletto, E.; Pozzi, E.; Rossi, V.; Risi, E.;
et al. Patterns of care and clinical outcomes of first-line trastuzumab-based therapy in HER2-positive metastatic breast cancer
patients relapsing after (neo)adjuvant trastuzumab: An Italian multicenter retrospective cohort study. Oncologist 2015, 20, 880-889.
[CrossRef] [PubMed]

Murthy, RK.; Varma, A.; Mishra, P.; Hess, K.R.; Young, E.; Murray, J.L.; Koenig, K.H.; Moulder, S.L.; Melhem-Bertrandt, A.;
Giordano, S.H.; et al. Effect of adjuvant/neoadjuvant trastuzumab on clinical outcomes in patients with HER2-positive metastatic
breast cancer. Cancer 2014, 120, 1932-1938. [CrossRef] [PubMed]

Watanuki, R.; Shimomura, A.; Yazaki, S.; Noda-Narita, S.; Sumiyoshi-Okuma, H.; Nishikawa, T.; Tanioka, M.; Sudo, K.; Shimoi, T.;
Noguchi, E.; et al. Survival outcomes in patients with human epidermal growth factor receptor 2 positive metastatic breast cancer
administered a therapy following trastuzumab emtansine treatment. Medicine 2020, 99, e22331. [CrossRef] [PubMed]

Negri, E.; Zambelli, A.; Franchi, M.; Rossi, M.; Bonifazi, M.; Corrao, G.; Moja, L.; Zocchetti, C.; La Vecchia, C. Effectiveness of
trastuzumab in first-line HER2+ metastatic breast cancer after failure in adjuvant setting: A controlled cohort study. J. Clin. Oncol.
2014, 19, 1209-2015.

Hernan, M.A_; Robins, ].M. Using big data to emulate a target trial when a randomized trial is not available. Am. . Epidemiol.
2016, 183, 758-764. [CrossRef] [PubMed]

Franklin, ].M.; Patorno, E.; Desai, R.J.; Glynn, R.J.; Martin, D.; Quinto, K.; Pawar, A.; Bessette, L.G.; Lee, H.; Garry, EM.; et al.
Emulating randomized clinical trials with nonrandomized real-world evidence studies: First results from the RCT DUPLICATE
initiative. Circulation 2021, 143, 1002-1013. [CrossRef]

Migeotte, A.; Dufour, V.; van Maanen, A.; Berliere, M.; Canon, ].L.; Taylor, D.; Duhoux, F.P. Impact of the line of treatment on
progression-free survival in patients treated with T-DM1 for metastatic breast cancer. BMC Cancer 2021, 21, 1204. [CrossRef]


http://doi.org/10.1038/ijo.2008.82
http://doi.org/10.1136/jech.2004.029496
http://doi.org/10.1634/theoncologist.2015-0020
http://www.ncbi.nlm.nih.gov/pubmed/26099741
http://doi.org/10.1002/cncr.28689
http://www.ncbi.nlm.nih.gov/pubmed/24677057
http://doi.org/10.1097/MD.0000000000022331
http://www.ncbi.nlm.nih.gov/pubmed/32957402
http://doi.org/10.1093/aje/kwv254
http://www.ncbi.nlm.nih.gov/pubmed/26994063
http://doi.org/10.1161/CIRCULATIONAHA.120.051718
http://doi.org/10.1186/s12885-021-08950-x

	Introduction 
	Materials and Methods 
	Data Source and Patient Selection 
	Variables and Cohort Subgroups 
	Outcomes 
	Statistical Analysis 

	Results 
	Primary Cohort (n = 757): Patients Initiating T-DM1 in Any Treatment Line by Year of Initiation 
	Secondary Cohort (n = 308): Patients Initiating T-DM1 in the Second-Line Setting following First-Line Treatment with Trastuzumab with or without Pertuzumab 
	Pertuzumab-Experienced Patients in the Secondary Cohort (n = 246) 
	Pertuzumab-Naive Patients in the Secondary Cohort (n = 62) 

	Sensitivity Analysis: Patients from the Primary Cohort Initiating T-DM1 in Any Treatment Line Stratified by Prior Pertuzumab Use and Calendar Year of T-DM1 Initiation (n = 757) 
	Pertuzumab-Experienced Patients in the Sensitivity Analysis of the Primary Cohort (n = 462) 
	Pertuzumab-Naive Patients in the Sensitivity Analysis of the Primary Cohort (n = 295) 

	Negative Control Analysis: Patients Initiating Lapatinib in the Second-Line Setting following First-Line Treatment with Trastuzumab with or without Pertuzumab (n = 64) 
	Pertuzumab-Experienced Patients in the Negative Control Analysis (n = 51) 
	Pertuzumab-Naive Patients in the Negative Control Analysis (n = 13) 


	Discussion 
	Conclusions 
	Appendix A
	References

