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Abstract

Background—Pathologic complete response (pCR) to neoadjuvant chemotherapy (NCT) in the
breast and lymph nodes in patients with locally advanced or inflammatory breast cancer (LABC)
is associated with improved disease-free and overall survival. Increasingly, studies are testing the
efficacy of platinum-containing NCT in LABC, particularly in patients with human epidermal
growth factor receptor 2 (HER2)-positive (HER2+) and triple-negative breast cancers (TNBC).

Methods—In this retrospective study, we reviewed patients” medical records and collected
demographics, tumor HER2 and hormone receptor (HR) status, grade, and treatment-associated
toxicities in patients with LABC previously treated with neoadjuvant carboplatin and trastuzumab
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(HER2+ disease) at City of Hope between April 2009 and December 2011. All patients provided
written informed consent before study inclusion. The primary endpoint was pCR (no invasive
disease in breast and lymph nodes); the secondary endpoint was pCR-breast (no invasive disease
in breast only). Recurrence-free survival (RFS) was estimated using the Kaplan-Meier method.

Results—Thirty eight consecutive patients with 39 tumors (one patient with two primaries) were
included in the study. Patients completed a median of four cycles of NCT. Eighteen of 39 (46%)
tumors were HER2+; 8/18 (44%) had a pCR and 10/18 (56%) had a pCR-breast. Thirteen of 18
HER2+ tumors were HR+ (72%); 4/13 (31%) had a pCR and 5/13 (38%) had a pCR-breast. Ten of
39 (26%) tumors were TNBC; 6/10 (60%) had a pCR and 7/10 (70%) had a pCR-breast.
Recurrence-free survival at 25-months median follow-up was 86% (95% CI 0.75-0.98); no
recurrences were observed in patients with a pCR.

Conclusions—This regimen achieved a high rate of pCR in HER2+ and TNBC tumors. Further
studies comparing platinum-containing and anthracycline-free regimens versus anthracycline-
containing regimens in patients with locally advanced HER2+ breast cancer and TNBC are
warranted.

Keywords

Locally advanced breast cancer (LABC); Inflammatory breast cancer; Neoadjuvant chemotherapy
(NCT); Pathologic complete response (pCR); Human epidermal growth factor receptor 2 (HER2);
Triple-negative breast cancer (TNBC); Carboplatin; Paclitaxel

Introduction

Neoadjuvant chemotherapy (NCT) is commonly used to treat patients with locally advanced
or inflammatory breast cancer (LABC), and a pathologic complete response (pCR) to NCT
in both the primary breast tumor and lymph nodes is thought to improve disease-free
survival and possibly overall survival [1-6]. However, there are inconsistencies in the
approaches used to assess complete response. Residual cancer burden (RCB) is a composite
score of four parameters that has been shown to be prognostic of disease-free survival in
LABC [7]. Neoadjuvant regimens that result in a lower RCB score, particularly when they
improve pCR in the breast and lymph nodes, may lead to improved long-term outcomes.

The majority of patients with LABC receive anthracycline-based NCT, which, while
effective [8, 9], is associated with significant toxicity [10, 11]. Increasingly, studies are
therefore testing the efficacy of novel non-anthracycline NCT regimens. In the metastatic
breast cancer setting, paclitaxel has demonstrated efficacy [12-14], and when combined with
carboplatin and trastuzumab in patients with human epidermal growth factor receptor 2-
positive (HER2+) tumors, this regimen has been shown to improve tumor response rates and
prolong the time-to-progression compared with paclitaxel alone [15-18]. Treatment with
neoadjuvant carboplatin and paclitaxel also leads to high pCR rates both in patients with
HER2+ tumors - when given in combination with trastuzumab - and in patients with triple
negative breast cancer (TNBC) (HER2-negative, HER2—; hormone receptor-negative, HR-)
with relatively low toxicity [19-21]. The demonstrated correlation between pCR and
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superior oncologic outcomes supports the use of the neoadjuvant setting to test novel
regimens, particularly in patients with HER2+ disease and TNBC.

In the current retrospective study, we report our series of 38 women with LABC who
previously received neoadjuvant carboplatin and paclitaxel with or without trastuzumab. By
reviewing patients’ medical records, we determined pCR (no invasive disease in breast and
lymph nodes) (primary endpoint) and pCR-breast (no invasive disease in breast only)
(secondary endpoint). We also re-analyzed surgical specimens (post-NCT) to determine
RCB (secondary endpoint). Here, we report pCR and pCR-breast rates, RCB scores,
treatment-related toxicities, and recurrence-free survival (RFS) associated with a platinum
and taxane combination NCT regimen.

Patients and Methods

Patients and treatment

Patients with LABC (stages I1-111) treated with neoadjuvant carboplatin and paclitaxel/nab-
paclitaxel (plus or minus trastuzumab) between April 2009 and December 2011 at City of
Hope were included in this retrospective study. Patients included signed a voluntary,
institutional review board (IRB)-approved consent form. These patients were selected based
on their eligibility (but not having actually enrolled for a variety of reasons) for a Phase Il
neoadjuvant clinical trial of nab-paclitaxel/carboplatin with or without trastuzumab
(ClinicalTrials.gov Identifier: NCT00295893). All patients had LABC (stage I1-111) and all
were treated “off-protocol” with paclitaxel or nab paclitaxel/carboplatin with or without
trastuzumab during the same time period as those patients enrolled in the Phase 11 trial as
follows.

Patients received carboplatin (AUC 6) administered on day 1 and weekly infusion of
paclitaxel (80mg/m?) on days 1, 8, and 15 of a 28-day cycle for 4 cycles. For patients who
did not tolerate paclitaxel, nab paclitaxel was substituted at a weekly dose of 100mg/m2. A
4-cycle regimen was chosen based on the 16-week treatment regimen followed by Sikov et
al. [19] and Chen et al. [20]. Patients with HER2+ tumors received a 4mg/kg loading dose of
trastuzumab followed by 2mg/kg weekly infusion while receiving NCT. Patients with
HER2+ tumors continued with trastuzumab after surgery for a total duration of therapy of
one year (inclusive of the duration of neoadjuvant treatment). Patients receiving trastuzumab
underwent cardiac function evaluation per standard guidelines. Individual treatment plan
variations were determined by the treating physician based upon individual patient tolerance
and patient preference.

In the current study, we reviewed patients’ medical records and collected: patient
demographics; HER2 and HR status before treatment; tumor grade; treatment details,
including treatment-related toxicities; presence of residual disease in the breast and lymph
nodes after surgical resection, and RFS. Hormone receptor and HER2 tumor status were
determined according to American Society of Clinical Oncology/College of American
Pathologists Clinical Practice (ASCO/CAP) guidelines.
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pCR and RCB

The primary endpoint of the study was pCR, defined as no invasive disease in the breast and
lymph nodes. The secondary endpoint was pCR-breast, defined as no invasive disease in
breast only. Surgical specimens (post-NCT) were analyzed to determine RCB (secondary
endpoint) [7].

Recurrence-free survival

Results

Patients

An exploratory analysis of RFS was performed. Recurrence-free survival was defined as the
time from the date of initiation of NCT to the date of recurrence or close of study evaluation,
whichever came first. Patients who were not evaluated within 6 months of closing the study

were censored on the date of last evaluation. The Kaplan Meier method was used to estimate
RFS.

Table 1 lists the patient demographics and clinical characteristics. Thirty-eight patients were
identified with 39 LABC (one patient had a contra-lateral breast primary); 7/39 (18%)
tumors were clinically inflammatory breast cancers. One patient had multi-focal breast
cancer, 18 patients (8 with HER2+ tumors) had stage |1 disease, and 20 (9 with HER2+
tumors) had stage 111 disease. The median age was 51 years (range 27-71) and 18 patients
were postmenopausal. Eighteen of 39 (46%) tumors were classified as HER2+ and 24/39
(62%) were HR+.

Treatment and related toxicities

Table 2 shows the treatment summary by HER2 status for all patients. Patients completed a
median of 4 cycles of neoadjuvant carboplatin and paclitaxel (the planned number of cycles)
with a range of 3-6 (patients with HER2+ tumors) and 3-4 (patients with HER2- tumors).
Thirty-one of 38 (82%) patients received adjuvant radiation therapy, and 21/38 (55%)
patients received adjuvant hormonal therapy.

Neoadjuvant chemotherapy was generally well tolerated. The most common treatment-
related toxicities affecting therapy were neutropenia (17/38 patients; 45%), peripheral
neuropathy (2/38 patients; 5%), thrombocytopenia (2/38 patients; 5%), and hypersensitivity
to paclitaxel (3/38 patients; 8%). G-CSF support was given as secondary prophylaxis for
febrile neutropenia to 17/38 (45%) patients. Eight of 38 (21%) patients required dose
reductions during treatment; 4 had a dose reduction in carboplatin and 4 required a reduction
in paclitaxel. Three of 38 patients (8%) required a change in treatment from paclitaxel to
nab-paclitaxel due to hypersensitivity to paclitaxel. One of eighteen (6%) patients who
received trastuzumab was found to have an asymptomatic decline in her left ventricular
ejection fraction (LVEF) below normal limits.

Tumor response

Table 3 shows the pCR and RCB scores by HER2 status and HR status. Of 18 patients with
HER2+ tumors, 8 (44%) had a pCR and 10 (55%) had a pCR-breast. Tumor response by
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RCB score in patients with HER2+ tumors identified 8/18 (44%) patients with RCB 0, 5/18
(27%) with RCB 1, 4/18 (22%) with RCB I, and 1/18 (6%) patient with RCB I1l. Of five
patients with HER2+/HR- tumors, 4/5 (80%) had a pCR and all (5/5; 100%) had a pCR-
breast. Tumor response by RCB score in patients with HER2+/HR- tumors identified 4/5
(80%) patients with RCB 0 and 1/5 (20%) patient with RCB I. Of 13 patients with
HER2+/HR+ tumors, 4/13 (31%) had a pCR and 5/13 (38%) had a pCR-breast. Tumor
response by RCB score in patients with HER2+/HR+ tumors identified 4/13 (31%) patients
each with RCB 0, RCB I, and RCB II, and 1/13 (8%) patient with RCB III.

Of 21 HER2- patients, 6 (29%) had a pCR and 8 (38%) had a pCR-breast. Tumor response
by RCB score in 19/21 available pathology specimens identified 6/19 (32%) patients with
RCB 0, 1/19 (5%) patient with RCB 1, 10/19 (53%) patients with RCB 11, and 2/19 (11%)
patients with RCB I11. Of 10 patients with TNBC (HER2-/HR- tumors), 6/10 (60%) had a
pCR and 7/10 (70%) had a pCR-breast. Tumor response by RCB score in HER2—-/HR-
tumor samples identified 6/10 (60%) patients with RCB 0 and 4/10 (40%) patients with
RCB II; no patients had RCB | or RCB I1l. Two HER2- patients who did not have a clinical
complete response underwent resection at an outside institution, and tissue was unavailable
for pathologic evaluation.

Of the 24 evaluable resections from patients with residual disease after NCT, 14/24 (58%)
demonstrated DCIS in the resection specimen. Of the 14 patients who had a pCR, one
patient (7%) had residual DCIS in their resection specimen.

Of the 14 patients who had a pCR, 4 (29%) patients had grade 2 tumors and 10 (71%) had
grade 3 tumors. Univariate analysis identified tumor grade (grade 3) as a significant
predictor of pCR (p<0.05, two-sided exact test), along with HR status (p<0.01). Multivariate
analysis including these two predictors, in addition to inflammatory disease (y/n), HER2
status, and TNBC (y/n), did not reveal an additional predictor of pCR (results not shown).

Recurrence-free survival

The median duration of follow-up was 25 months. Overall, no recurrences were observed in
patients who had a pCR. Recurrence-free survival at a median follow-up of 25 months was
86% (95% CI 0.75-0.98).

Discussion

Our retrospective, limited-scale study showed that neoadjuvant carboplatin and weekly
paclitaxel plus trastuzumab achieved a high rate of pCR (44%) in patients with HER2+
tumors overall and in patients with HER2+/HR- tumors (pCR rate of 80%). Carboplatin and
weekly paclitaxel also resulted in a high pCR rate (60%) in patients with TNBC. This
supports previously reported findings [19-22], including the study by Chen et al. [20],
which, despite reporting an inferior pCR rate overall compared with our study (19.4% versus
36%) and others [19, 21, 22], did report that patients with TNBC and HER2+ disease had
higher pCR rates than patients with other breast cancer subtypes (33.3%, TNBC; 40%,
HER2+; P=0.017), albeit still lower than the pCR rates reported in our study. This may be
explained by the inclusion of more patients with stage 111 disease in their study compared
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with ours (85% versus 51%) or the inclusion of more patients with HER2- tumors in their
study compared with ours (78% versus 54%). We also found that patients with HR+ disease
had the lowest pCR rates overall; only 31% of HER2+/HR+ tumors had a pCR and none of
11 HER2-/HR+ tumors had a pCR.

We calculated the RCB score in post-NCT surgical specimens because an RCB score of 0/1
has been previously shown to predict disease-free survival in LABC [7]. We found that
almost three quarters of patients (72%) with HER2+ tumors had RCB 0/1, all (100%)
patients with HER2+/HR- tumors had RCB 0/1, and over half the patients (60%) with
TNBC tumors had an RCB score of 0 (no TNBC tumors had RCB I). In contrast, only a
third (33%) of patients with HER2- tumors had RCB 0/ and less than half (38%) of the
patients with HR+ tumors had RCB 0/I with no HER2-/HR+ tumors having RCB 0. These
findings suggest that pathologic evaluation utilizing the RCB score in combination with
pCR may help to standardize reporting of response to NCT.

Platinum-based chemotherapy drugs are increasingly being evaluated in TNBC, largely
because these tumors have defective DNA-repair pathways and may be more sensitive to
platinum-based DNA cross-linking agents such as carboplatin than other breast cancer
subtypes [23]. The benefit of neoadjuvant platinum-based chemotherapy regimens in
patients with TNBC and HER2+ tumors has been evaluated in recent randomized studies
[24-27] and a meta-analysis [28].

The GeparSixto trial included 595 patients who received paclitaxel and doxorubicin with or
without carboplatin, as well as trastuzumab and lapatinib (patients with HER2+ tumors) and
bevacizumab (patients with TNBC) [24]. The addition of carboplatin in patients with TNBC
significantly increased the pCR rate (59% versus 38%, P<0.05) compared to NCT without
carboplatin. Our findings concur with this large randomized study. Despite the improvement
in pCR for patients with TNBC, the treatment regimen in the GeparSixto trial was not well
tolerated; 40% of patients experienced at least one serious adverse event making this
regimen unfeasible for patients. In our study, patients completed a median of 4 cycles of
neoadjuvant carboplatin and paclitaxel (the planned number of cycles) and the doublet of
carboplatin and paclitaxel with or without trastuzumab was well tolerated overall.

The CALGB 40603 study included 443 patients with stage I1-111 TNBC who received
neoadjuvant paclitaxel, followed by doxorubicin and cyclophosphamide with or without
concurrent carboplatin and/or bevacizumab [25]. The addition of carboplatin to standard
NCT significantly increased the pCR rate (54% versus 41%, P=0.0029) and the pCR-breast
rate (60% versus 44%, P=0.0018) compared to NCT without carboplatin. Our results
compare favorably to the CALGB trial.

The addition of carboplatin and veliparib in combination with weekly paclitaxel was
recently demonstrated to improve outcomes for women with TNBC in the Phase 1l I-SPY 2
trial [26]. In this study, 71 patients with stage I1-11l TNBC or HR+/HER2- disease received
neoadjuvant carboplatin and veliparib in combination with paclitaxel; 62 patients received
standard NCT (paclitaxel followed by anthracycline-based chemotherapy). Patients with
TNBC receiving veliparib plus carboplatin (n=38) had an estimated pCR rate of 52%
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compared to 26% for those treated with standard NCT. Our pCR rate in TNBC patients
(60%) is comparable to the 52% pCR rate observed in the Phase 111 I-SPY 2 trial. Efficacy
results from the single-arm Phase 11 BS1-201 study further support the use of platinum-
containing NCT in patients with TNBC (and in patients with BRCA1/2 mutations) [27].
This trial enrolled 80 patients with stage I-111 TNBC or BRCA1/2 mutation-associated breast
cancer who received gemcitabine, carboplatin, and iniparib. Patients with TNBC and
BRCAL1/2 mutations achieved a pCR rate of 56% and an RCB 0/I of 75%, comparable to our
pCR rate in TNBC patients.

A recent systematic review and meta-analysis focused on the role of neoadjuvant platinum
agents for TNBC patients [28] further supports the findings in our study. The authors
analyzed 28 studies (including six randomized controlled trials) involving 1,598 patients.
The pooled pCR rate for patients who received platinum-based NCT was 45%; and addition
of platinum-based NCT in the randomized trials significantly increased the pCR rate
threefold in TNBC patients compared with non-platinum agents (P<0.0001).

It is noteworthy that the FDA recently endorsed a pathway for neoadjuvant breast cancer
therapies utilizing pCR as an endpoint for granting approval and a number of ongoing
multicenter trials are examining carboplatin-containing NCT regimens in breast cancer
patients and assessing pCR as the primary outcome [29]. There is also interest in evaluating
the efficacy of combined HER2-targeting therapies in combination with chemotherapy in the
neoadjuvant setting in patients with HER2+ tumors [30-33]; and the FDA recently granted
accelerated approval for the use of heoadjuvant pertuzumab in conjunction with trastuzumab
and chemotherapy based on the endpoint of improved pCR [34]. However, recent results
from clinical trials show conflicting results.

Results from the Phase 3 NOAH trial in women with HER2+ LABC or inflammatory breast
cancer showed that neoadjuvant trastuzumab significantly improved the pCR rate and event-
free survival; and follow-up results showed a sustained benefit in event-free survival from
trastuzumab-containing NCT in these patients [35], suggesting an association between pCR
and improved long-term outcomes. Furthermore, in the NeoALTTO trial, which enrolled
women with HER2+ early breast cancer, combination of neoadjuvant lapatinib and
trastuzumab resulted in a pCR rate of 51.3% (almost double that of either drug alone), and
PCR was associated with improved 3-year event-free and overall survival (P=0-0003 and
P=0-005, respectively) [36]. However, recent results from the large ALTTO trial (including
8,381 women with HER2+ breast cancer), which hypothesized that dual HER2-targeting
with lapatinib and trastuzumab would be superior to trastuzumab alone in preventing breast
cancer recurrences in the adjuvant setting, showed only a non-statistical advantage to dual
anti-HER? therapy after 4.5 years follow-up at the expense of increased toxicity [37]. The
ongoing APHINITY trial, evaluating pertuzumab and trastuzumab in the adjuvant setting for
breast cancer may provide further guidance as to whether pCR is a suitable surrogate
endpoint for long-term outcomes.

Interestingly, while cross-trial comparisons are meant to be hypothesis-generating, our
results with the regimen of carboplatin and paclitaxel in combination with trastuzumab are
in line with the reported pCR rates following neoadjuvant pertuzumab, trastuzumab, and
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docetaxel (42% for all patients, and 22% and 54% for HER2+/ER+ and HER2+/HR~-
patients, respectively) [33] and are similar to the 55-63% pCR rates observed with an
anthracycline-containing regimen followed by pertuzumab, trastuzumab, and docetaxel, or
after NCT with carboplatin, docetaxel, pertuzumab, and trastuzumab resulting in the highest
pCR rate in HER+/HR- LABC (82%) [33, 34].

This study has a number of limitations that deserve mention. It is limited by its small sample
size, retrospective nature, non-randomization, and the inclusion of patients with different
breast cancer subtypes (luminal A, luminal B, TNBC and HER2+). Given these limitations,
it is clearly difficult to directly compare our local, retrospective data with the findings of
large, prospective, randomized clinical trials. Furthermore, it is difficult to draw firm
conclusions from our findings. Nonetheless, our results do support the need for future
prospective, randomized studies in the neoadjuvant setting to evaluate the benefit of
platinum-containing non-anthracycline containing regimens in the treatment of breast
cancer, which may result in similar response rates but without the concerns of long-term
cardiac and secondary hematologic complications and malignancies. Furthermore, while the
short duration of follow-up is certainly a limitation, our exploratory analysis did suggest that
no recurrences were observed in patients who had a pCR. Further follow-up will be needed
to assess whether the frequency or pattern of recurrence is modified compared to what
would be expected with neoadjuvant anthracycline-containing regimens.

In conclusion, in our study, the regimen of carboplatin and paclitaxel in combination with
trastuzumab regimen achieved a high rate of pCR in HER2+ tumors and TNBC. Future
neoadjuvant trials should explore treatment paradigms that include combinations of dual
chemotherapy and dual-targeted HER2 therapies, as well as the addition of novel agents;
and comparison of platinum-containing and anthracycline-free regimens versus
anthracycline-containing regimens in patients with locally advanced HER2+ breast cancer
and TNBC are warranted. These studies should consider utilizing pCR as an acceptable
endpoint for efficacy while carefully assessing the molecular characteristics of both primary
and residual tumors with the aim to administer targeted neoadjuvant and adjuvant therapies
[38-41].
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Figure 1.

Recurrence-free survival by HER2 status. HER2: human epidermal growth factor receptor 2;

HR, hormone receptor. +: positive; —: negative.
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Table 2
Treatment Summary
Patients | Median cycles | Adjuvant Adjuvant
HERZ status (range) RT anti-HR therapy
HER2+ 18 4 (3-6) 15 12
HER2- 21 4 (3-4) 16 9

RT: Radiation therapy; HR: Hormone receptor; HER2: Human epidermal growth factor receptor 2; +: positive; —: negative.
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Table 3

Pathologic Response to Neoadjuvant Therapy at Time of Resection

HERZ | HR | Patents | pcr | PSR | ReBo | ReB1 | ReB I | RCBIN

HR+ 13 | 401w | 5@8%) | 4@%) | 4@1%) | 4061%) | 16%)

HER MR 5 | a@o%) | 5(100%) | 40%) | 1(20%) | 0% | 0%
e HR+ 1 0% | 1) | 0@ | 1@ | 667%) | 220
HR- 10 | 6@0%) | 70%) | 6@0%) | 0@0%) | 4@o%) | o©%

HER2: human epidermal growth factor receptor; +: positive; —: negative; pCR: pathologic complete response - no invasive disease in breast and
lymph nodes; pCR-breast: no invasive tumor in breast only; RCB, Residual cancer burden.

aTissues from two HER2- patients without a clinical complete response were not available for pathologic evaluation; they are not included in the
RCB analysis.
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