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Background: Adding carboplatin to weekly paclitaxel as part of neoadjuvant chemotherapy (NACT) for stage II-III triple negative
breast cancer (TNBC) has been shown to significantly increase the pathologic complete response (pCR) rate. Hematologic toxicities
associated with every 3-week dosing of carboplatin have led some oncologists to explore weekly dosing as an alternative, but there are
little published data comparing the two dosing schedules.

Methods: We performed a retrospective analysis of patients who received paclitaxel and carboplatin, usually followed by AC, as
initial NACT for TNBC at two academic cancer centers between 2008 and 2018 for whom pathologic results and post-operative
follow-up were available. We recorded pCR, defined as ypT0/isNO, treatment delivery and disease-free survival, censored as of the
patient’s last follow-up visit.

Results: A total of 76 patients were identified (median age 49 years). A total of 47 received weekly carboplatin, of whom 83%
received at least 11 of 12 planned doses, and 29 received every 3-week carboplatin, of whom 90% received all 4 planned doses. pCR
rates were similar, 53% with weekly and 55% with every 3-week carboplatin dosing. At median follow-up of 18 months (range <1—
118), 93% of patients who achieved pCR were alive and free from recurrence, compared to 74% of those who did not.
Conclusion: pCR rates were similar between patients receiving weekly or every 3-week carboplatin and were similar to those
reported in prior trials with carboplatin. These data suggest that providers can choose either weekly or every 3-week carboplatin dosing
without compromising the likelihood of achieving pCR.
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Introduction

Breast cancers are typically categorized by their expression of estrogen and progesterone receptors (ER, PR) and the presence
or absence of human epidermal growth factor receptor 2 (HER2) gene amplification.’ Those without any of these markers are
referred to as triple-negative breast cancers (TNBC), which accounts for approximately 10—15% of all breast cancers. TNBC
is more common in women who carry germline mutations in BRCA1, comprising 70—80% of breast cancers that develop in
such patients, though BRCA mutations are detected in less than 20% of patients diagnosed with TNBC, and is seen more
commonly in women of African or Hispanic descent. This subtype is associated with a worse prognosis and, when diagnosed
without overt metastatic disease, a higher risk of early relapse. In the absence of molecular targets that guide treatment of other
breast cancer subtypes, current optimal treatment for non-metastatic TNBC is cytotoxic chemotherapy, typically sequential or
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concurrent administration of an anthracycline-based regimen such as doxorubicin or epirubicin and cyclophosphamide (AC or
EC) and a taxane [2, 3]. With regard to the choice of taxane and dosing schedule, the E1199 study demonstrated that weekly
paclitaxel was more effective than either every 3-week paclitaxel or weekly or every 3-week docetaxel following AC as
adjuvant therapy for node-positive TNBC.?

Gene expression analysis reveals heterogeneity within TNBC, with one group of investigators identifying at least six
subtypes that appear to differ by response to treatment.” However, one characteristic shared by a majority of TNBC,
whether associated with an identifiable BRCA mutation or not, is impairment of DNA repair by homologous recombina-
tion, also referred to as homologous recombination deficiency (HRD).* While this defect presumably plays a role in
development of the malignancy, it also renders the cancer cells more vulnerable to DNA-damaging chemotherapeutic
agents. While many of the agents used to treat TNBC target DNA (excluding the taxanes), employing platinum-based
antineoplastic therapies, which create DNA crosslinks that can lead to double-stranded DNA breaks, has been of
particular interest.

In patients with non-metastatic TNBC, achievement of a pathologic complete response (pCR) with neoadjuvant
chemotherapy (NACT), usually defined as the absence of residual invasive disease in the breast and sampled axillary
nodes (ypT0/isNO), is associated with large improvements in long-term outcomes compared to patients with residual
invasive disease. In a recently updated meta-analysis, TNBC patients who attained pCR were found to have an 82%
improvement in event-free survival (EFS) and an 80% improvement in overall survival (OS) compared to patients with
residual invasive disease at surgery.” '® However, in large, multicenter neoadjuvant trials, sequential administration of
weekly paclitaxel and AC or EC typically yields pCRs in less than one-third of patients.'' "> As a result, clinical trials
have investigated a variety of approaches to try to increase the pCR rate in TNBC, including several studies that focused
on incorporation of platinum agents, more commonly carboplatin, into NACT for TNBC. These studies have demon-
strated significantly improved pCR rates (~50-60%) with the addition of carboplatin, and one trial has reported
significant improvement in disease-free survival among patients treated with carboplatin compared to those who did
not receive this agent.'’'%!¢17

Given the compelling evidence supporting the inclusion of carboplatin into NACT regimens, clinical trials have
included both weekly or every 3-week carboplatin regimen, but a direct comparison between these two dosing schedules
on achieving a pCR has not been studied in a randomized trial. Thus, our current study aims to evaluate pCR rates in
TNBC associated with the neoadjuvant use of weekly carboplatin dosing (with an area-under-the-curve (AUC) of 2)
versus every 3-week dosing (AUC of 6) at two institutions to compare their efficacy in real-world settings.

Patients and Methods

This is a retrospective review of women treated with neoadjuvant chemotherapy for TNBC at either the University of
Vermont (UVM) or Women and Infants Hospital of Rhode Island (WIHRI), a teaching hospital for the Warren Alpert
Medical School of Brown University. Women were eligible to be included if they were treated between 2008 and 2018,
received neoadjuvant chemotherapy with carboplatin weekly or every 3 weeks in addition to weekly paclitaxel prior to
any other chemotherapy and had pathology reports available from their definitive surgery. The study was IRB approved
at both institutions.

Chart review was performed for all patients meeting eligibility criteria. Charts were reviewed for age, date at
diagnosis, date of first treatment, clinical stage, tumor size and grade at diagnosis, nodal involvement, ER and PR
receptor expression, HER2 status as determined by immunohistochemical stain or fluorescent-in-situ-hybridization,
BRCA mutation status, and dosing and modifications for all chemotherapy administered. We also recorded date of
surgery, whether or not a pCR was achieved, and pathologic stage at surgery.

Date of last follow-up and months since surgery were determined as well as disease status at follow-up, including any
reported distant or local recurrences and whether the patient was alive or deceased. A patient was considered operable if
her baseline clinical stage was la-Illa and inoperable if her baseline clinical stage was Illb-c. For the purposes of this
study, pCR was defined as ypT0/isNO. Disease-free survival (DFS) was censored as of last oncologic follow-up visit.
After both institutions completed chart reviews, their data was combined.
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Statistical Analysis

Statistical analyses were conducted with particular attention aimed at the differences in outcomes between women
receiving weekly (AUC2) versus every 3-week (AUC6) carboplatin dosing. pCR rates were defined as the ratio of the
responders to the total evaluable patients in each group. 95% confidence intervals were based on exact methods using the
binomial distribution. Comparison of pCR rates was performed using Fisher’s exact test. Analyses were performed using
Stata version 16.1 (StataCorp LLC, College Station, TX).

Results

Seventy-six women met eligibility criteria and were included in the analysis (26 from UVM and 50 from WIHRI). The
mean age for this cohort was 49 years (range 25-76), 69 women (91%) had operable disease (Stage IA-IIIA) prior to
initiation of neoadjuvant chemotherapy, and 46% were lymph node positive at diagnosis. One patient with stage IV
disease due to ipsilateral cervical lymph node involvement was included, as she was treated with curative intent. The
majority (69/76, or 91%) of women had tumors with ER expression of <1%. Sixty-three women had undergone genetic
testing of which 9 (14%) were found to have a pathogenic mutation in BRCA 1 or BRCA 2. Forty-seven (62%) of the
women received weekly carboplatin dosing, of whom 83% received at least 11 of 12 planned doses, and 29 (38%)
received every 3-week carboplatin dosing, of whom 90% received all 4 planned doses. Patients receiving weekly
carboplatin were more likely to be clinically node negative (48% vs 62%), inoperable (29.8% vs 6.9%), BRCA negative
(76.6% vs 62%) or weakly ER positive as defined as ER expression of 1-10% (12.8% vs 3.4%), though none of these
differences reached statistical significance in this relatively small patient group (see Table 1). The average age of
participants was similar between the two groups, at 47 years of age for the weekly carboplatin group and 48 years of age
for the every 3-week group. Rates of completing >90% of planned doses of weekly paclitaxel were similar in the two
groups (89% in the weekly carboplatin cohort vs 90% in the every 3-week carboplatin cohort). All patients subsequently

Table | Patient Characteristics

Total q3 Weeks Carboplatin Weekly Carboplatin

Overall (n) 76 29 47
Completed 290% of planned 65 26 (90%) 39 (83%)
doses of carboplatin
Age — median (range) 49 (25-76) 48 (48-68) 47 (25-76)
Receptor Status (n)

ER <I% 69 28 41

ER 1-10% 7 [ 6
Clinical Nodal Status (n)

Lymph node negative 41 18 23

Lymph node positive 35 Il 24
Clinical Stage (n)
Operable (stage I-IIA) 69 42 27

Stage | (TINO) 6 3

Stage IlA (TINI/T2NO) 36 21 I5

Stage 1B (T2N1/T3NO0) 21 13

Stage IlIA (T2N2/T3NI) 6 5 |
Inoperable (stage 11IB-C) 7 5 2
Genetic Testing (n)

Testing performed 63 22 41

BRCA | or 2 negative 54 18 36

BRCA | or 2 positive 9 4 5
Weekly Paclitaxel Dosing (n)
Received >90% of planned doses 61/68 (90%) 19/21 (90%) 42/47 (89%)
Received = 90% doses 7168 (10%) 2/21 (10%) 5/47 (11%)
Median post-op follow-up (range) 18 months (<I-118) 53 months (0-118) 13.5 months (<1-51)
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received doxorubicin and cyclophosphamide (AC) prior to surgery, with the exception of 4 patients in the weekly
carboplatin cohort. In the every 3-week carboplatin cohort, 13 patients also received bevacizumab on an open label study,
two may have received bevacizumab (vs placebo) on a blinded clinical trial, and 3 may have received veliparib or
atezolizumab (vs placebo) on blinded clinical trials. Median follow-up for this cohort was 18 months (range <1 — 118).
Median follow-up was shorter (13 months) for the cohort receiving weekly carboplatin compared to the cohort receiving
every 3-week carboplatin (53 months), reflecting the transition to greater use of the weekly dosing schedule in the latter
portion of our timespan. See Table 1 for additional details of the characteristics of our patient group and the two cohorts.

The majority (41/76 or 54%) of all women in our review achieved pCR (see Table 2). Rates of achieving a pCR did
not differ significantly between those receiving weekly carboplatin (53% [95% CI 38-68%]) and those who received
every 3-week carboplatin (55% [95% CI 36-74%]) (p > 0.99). pCR rates were higher among women with operable
disease (39/69, 57%) than in women with inoperable disease (2/7, 29%), and among women who were node negative at
baseline (68%) versus node positive (37%). Eight of 9 (89%) women with a germline BRCA mutation achieved a pCR,
compared to 67% (36/54) of women known to be negative for a BRCA mutation. Among 13 patients who definitely
received bevacizumab along with every 3-week carboplatin, 9 (69%) achieved pCR; excluding these patients, and those
who may have received bevacizumab on a blinded trial, the pCR rate for every 3-week carboplatin drops to 6/14 (43%).

Among 35 patients who failed to achieve pCR, residual disease stage in the breast and nodes was as follows: Stage
IB — 17; Stage IIA — 11; Stage 1IB — 1; Stage IIIB — 3; Stage IIIC — 2; Stage IV — 1.

At median follow-up of 18 months (range <1-118), 93% (38/41) of patients who achieved a pCR were free from
recurrence, compared to 74% (26/35) of women who did not achieve a pCR. As of last oncologic follow-up, 81% (38/37)
of patients in the weekly carboplatin cohort and 90% (26/29) of patients in the every 3-week cohort were free from
recurrence, but median follow-up for the latter group was much longer (53 months vs 13.5 months). Among patients with
operable disease, 85% (28/33) of patients in the weekly carboplatin cohort and 92% (25/27) of patients in the every
3-week cohort were free from recurrence at follow-up. Nine of the 61 (15%) patients who received >90% of planned
doses of weekly paclitaxel and 1 of the 7 (14%) patients who received <90% of planned doses of weekly paclitaxel had
recurrence of their disease during follow-up.

Discussion

In this retrospective analysis of women receiving neoadjuvant treatment for TNBC we identified similar rates of pCR
with weekly (AUC2) or every 3-week (AUCO6) carboplatin combined with weekly paclitaxel and usually followed by AC.
Patients in the every 3-week carboplatin cohort who received bevacizumab (in the setting of a clinical trial) were more
likely to achieve pCR than those who did not, but since no patients in the weekly cohort received bevacizumab it is
difficult to determine how this may have influenced our overall findings, and it is unlikely that further data will become
available to clarify this issue as bevacizumab is no longer being evaluated in the neoadjuvant setting in TNBC. The pCR
rate was higher for women with operable disease (stage I-IIIA), node negative disease and pathogenic BRCA mutations.

Recurrence-free survival among the two cohorts was similar.

Table 2 Pathologic Complete Response (pCR)* Rates by Every 3-Weeks versus Weekly Dosing of Carboplatin

Total q3 Weeks Carboplatin Weekly Carboplatin
Participants (n) 76 29 47
Overall [95% ClI] 41 (54%) [42-65%] 16 (55%) [36-74%] 25 (53%) [38-68%]
Subgroup Analysis
Operable disease 39/69 (57%) 16/27 (59%) 23/42 (54.8%)
Inoperable disease 2/7 (29%) 0/2 (0%) 2/5 (40%)
Received >90% doses of weekly paclitaxel 32/61 (52%) 10/19 (53%) 22/42 (53%)
Received <90% doses of weekly paclitaxel 4/7 (57%) I /2 (50%) 3/5 (60%)
Relapse free survival 64/76 (84%) 26/29 (90%) 38/47 (81%)
Note: *pCR as defined by ypT0/isNO.
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Table 3 Variations of Carboplatin Dosing in Neoadjuvant Treatment of Breast Cancer and Reported pCR Rates

Regimen n q3 Weeks Carboplatin Weekly Carboplatin
PCR Rate pPCR Rate

CALGB 40603 q3Cb + wP— AC * Bev 221 54%
BrighTNess q3Cb + wP — AC 160 58%

q3Cb + wP + veliparib — AC 316 53%
KEYNOTE 522 q3Cb + wP — AC/EC 84 56%

wCb + wP — AC/EC 116 48%
GeparSixto wCb + wP + lipoA + Bev 158 64%
UVMCC+WIHRI cohorts | q3Cb + wP — AC 29 55%

wCb + wP — AC 47 52%

Abbreviations: q3Cb, every 3-week carboplatin; wCb, weekly carboplatin; wP, weekly paclitaxel; AC, doxorubicin and cyclophosphamide; EC, epirubicin and cyclopho-
sphamide; lipoA, nonpegylated liposomal doxorubicin; bev, bevacizumab.

In the treatment of TNBC, anthracycline and taxane-based regimens have been the mainstay of treatment. As shown
in Table 3, recent studies have shown that the addition of carboplatin in the neoadjuvant setting improves pCR
rates.'"'>!” However, the dosing of carboplatin used in these studies varies. In the GeparSixto trial, 315 patients with
TNBC were randomly assigned to receive weekly carboplatin (AUC 2.0, subsequently reduced to 1.5 due to excessive
hematologic toxicity at the original dose) versus no carboplatin in addition to weekly paclitaxel and nonpegylated
liposomal doxorubicin and every 3-week bevacizumab. pCR rates were higher in patients assigned to receive carboplatin,
but the rate of hematologic toxicities was also significantly higher. Additionally, early treatment discontinuation because
of toxicity was more common (49% in carboplatin arm vs 36% in control arm). Similarly, in the Phase Il CALGB 40603
(Alliance) trial, patients (n = 443) with stage II-III TNBC were randomized to the addition of carboplatin and/or
bevacizumab to standard neoadjuvant chemotherapy. This trial utilized an every 3-week schedule at AUC 6. Again, the
addition of carboplatin increased the pCR rate, from 41% to 54%, but patients assigned to receive carboplatin were also
more likely to miss chemotherapy doses and to require dose reductions because of hematologic toxicity. The impact of
hematologic toxicities on treatment delivery in a subset of patients treated on CALGB 40603 was magnified by the
study’s requirement that missed doses not be made up; as a result, approximately one-third patients on the carboplatin
arms received <11 of the 12 planned doses of weekly paclitaxel; compared to patients who received treatment as planned,
these patients had an inferior pCR rate (44% vs 61%) and far inferior event-free survival.'® The BrighTNess trial was
designed to assess the addition of a PARP inhibitor and carboplatin or carboplatin alone to standard neoadjuvant
chemotherapy in TNBC.'? Similar to the CALGB 40603 trial, carboplatin dosing was every 3-weeks at AUC 6. The
addition of carboplatin improved the pCR rate from 31% to 58%, while the addition of the PARP inhibitor failed to
further improve the pCR rate. In contrast to CALGB 40603, on BrighTNess treatment delays were permitted during
weekly paclitaxel + carboplatin and, as a result, a much higher proportion of patients received all planned treatment,
which may explain the higher overall pCR rate in patients assigned to carboplatin. Given the high rates of treatment
delivery in our retrospective analysis, it is highly likely that the oncologists treating TNBC at our centers followed the
BrighTNess example of allowing treatment delays in an effort to administer all planned treatments.

Few studies have directly compared weekly to every 3-week carboplatin in the treatment of neoadjuvant TNBC. The
recently published Phase III KEYNOTE 522 trial,'” which examined the effect of adding neoadjuvant pembrolizumab on
PCR rates and event-free survival in TNBC, allowed treating physician to choose to treat their patients with either every
3-week carboplatin (42%) or weekly carboplatin (58%). While the study was not designed to compare carboplatin
dosing, it is interesting to note that on the placebo arm (not receiving pembrolizumab), the pCR rate was slightly higher
among patients receiving every 3-week versus weekly carboplatin (56.0% vs 48.3%), while among patients who also
received pembrolizumab pCR rates were similar between every 3-week (64%) and weekly (67%) carboplatin. As in
CALGB 40603, KEYNOTE-522 did not permit treatment delays for toxicity. As a result, 22% of their patients received
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<10 of the planned 12 doses of weekly paclitaxel; in these patients pCR rates were lower (36% with placebo, 51% with
pembrolizumab) than in patients who received at least 10 doses of weekly paclitaxel (55% with placebo, 70% with
pembrolizumab). Unfortunately, a comparison of missed doses between the two carboplatin dosing schedules has not
been reported. These results highlight the need for a formal comparison of weekly versus every 3-week administration.
While our present study found similar overall pCR rates to those reported in prior studies, we did not find a difference in
PCR rates between those receiving weekly vs every 3-week carboplatin. To our knowledge, this is the first study to focus
on outcomes associated with differing carboplatin doses in the treatment of TNBC, and our findings support the use of
either a weekly or every 3-week regimen. However, given that our study is a small retrospective analysis, and the
KEYNOTE 522 trial does not plan to do a comparison of outcomes between physician-selected carboplatin dosing
schedules, a larger study would be necessary to determine the optimal dosing schedule for carboplatin in this setting.

The addition of carboplatin to conventional neoadjuvant therapy does increase hematologic toxicities, leading to dose
reductions and delays in treatment. Data comparing toxicities associated with weekly versus every 3-week dosing of
carboplatin are limited. A randomized multicenter phase III study comparing weekly versus every 3-week carboplatin
plus paclitaxel in patients with advanced ovarian cancer demonstrated less severe cytopenias, febrile neutropenia, renal
toxicity and neuropathy in the cohort receiving weekly treatments. However, in this study, paclitaxel dosing was also
every week versus every 3-week, confounding our ability to directly compare the effects of carboplatin dosing.*° Prior
studies have also demonstrated a relationship between carboplatin dosing and toxicity,?" although these studies typically
used higher doses than are used in the treatment of TNBC. As noted previously, many oncologists appear to prefer
weekly dosing as demonstrated by choices made in the KEYNOTE-522 trial, with 58% of patients receiving weekly
carboplatin.'”

In our cohort, pCR was associated with having operable disease or a pathogenic mutation in BRCA. In both
GeparSixto and BrighTNess, patients with a BRCA mutation had higher overall pCR rates than BRCA-negative patients,
but the increase in the pCR rates with the addition of carboplatin was smaller in BRCA-mutated versus BRCA-wild type.
For example, in BrighTNess, the pCR rate in BRCA-mutated patients was 41% without carboplatin and rose to 50% with
carboplatin, while it increased from 29% to 59% with the addition of carboplatin in BRCA-wild type. In contrast,
a recent meta-analysis that included seven studies comprising over 800 TNBC patients showed that the addition of
platinum to chemotherapy regimens in the neoadjuvant setting increased the pCR rate in BRCA mutated by more than
that seen in BRCA-wild-type TNBC patients, though this did not achieve statistical significance.”* Given the increased
toxicities associated with the addition of carboplatin, regardless of dosing, identifying patients that are most likely to
benefit from its addition may help minimize unnecessary toxicities to patients who are less likely to do so.

There are limitations to our study that should be acknowledged. As stated above, our study is relatively small and
retrospective. It is important to note, however, that our study comprised data from two large academic institutions in New
England, thus potentially making our results representative of practice patterns in this region. Moreover, the addition of
carboplatin to standard breast cancer regimens is associated with increased, mainly hematologic, toxicities that can lead
to treatment delays, dose reductions and even early treatment discontinuation.'""'>'” Toxicities may guide the selection of
treatment regimens; however, our study did not assess the provider’s reasoning for choice of dosing regimen or toxicity
data. Such studies would provide additional information for oncologists making treatment decisions in this setting.
Lastly, our follow-up interval was short (median follow-up 18 months), so our ability to assess the impact of the
alternative carboplatin dosing schedules on DFS is limited.

Conclusion

We have shown that pCR rates are similar for weekly and every 3-week carboplatin when given with weekly paclitaxel in
the neoadjuvant treatment of TNBC. Higher rates of pCR were seen for women with operable disease and BRCA
mutation carriers. Our findings support the assertion that providers can choose either weekly or every 3-week carboplatin
dosing without compromising the likelihood of achieving pCR. Further research is needed, however, to confirm these
findings, assess the impact on longer-term outcomes and explore differences in toxicity and tolerability of these two
regimens.
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