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Abstract

Purpose Neoadjuvant combination treatment with chemotherapy (CTX), trastuzumab (TZM), and pertuzumab (PTZ) has
been shown to result in higher pathological complete response rates (pCR) in comparison with treatment with chemotherapy
and trastuzumab (CTX/TZM). This analysis was aimed at real-world validation of these results from prospective randomized
trials.

Methods In a retrospective analysis conducted in the PRAEGNANT network, patients were eligible for inclusion if they
had either received neoadjuvant therapy with CTX/TZM or chemotherapy, trastuzumab, and pertuzumab (CTX/TZM/PTZ)
and subsequently underwent surgery for their primary breast cancer. The effect of the two neoadjuvant regimens on pCR
in addition to commonly applicable predictors of pCR was analyzed in 300 patients from three study sites, using logistic
regression analyses with treatment arm, age, clinical tumor stage, grading, and hormone receptor status as predictors.
Results pCR with complete disappearance of all tumor cells was seen in 30.2% (n=58) of patients treated with CTX/TZM
and in 52.8% (n=57) of those treated with CTX/TZM/PTZ. CTX/TZM/PTZ was positively associated with pCR (adjusted
odds ratio 2.44; 95% CI 1.49-4.02). Mastectomy rates were not influenced by the therapy.

Conclusions The results of clinical trials were confirmed in this dataset of patients who were treated outside of clinical trials
in everyday routine work. pCR rates can be improved by 20% with pertuzumab in routine clinical use.
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Introduction

Since the discovery of human epidermal growth factor
receptor 2 (HER?2) as a prognostic factor in breast cancer
patients [1] and the subsequent development of trastuzumab
in anti-HER?2 therapy, treatment for this group of breast can-
cer patients has improved immensely [2-8]. In the preop-
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erative neoadjuvant setting, pathological complete response
(pCR) rates of around 40% have been reported [9-18]. In the
subgroup of HER2-positive patients, moreover, pCR is an
established predictor of the prognosis, and improvements
in pCR appear to be associated with an improvement in the
prognosis to some extent [11, 12, 19].
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However, although the prognosis has improved in this sub-
group of patients, 20-25% of patients relapse and one in seven
patients will die within 10 years after the diagnosis [7, 20,
21]. A strong need to improve anti-HER?2 therapies therefore
remains.

The combination of trastuzumab and pertuzumab is an
established standard therapy for patients with advanced breast
cancer [22]. Combining trastuzumab and pertuzumab with
neoadjuvant chemotherapy in the NeoSphere trial resulted in a
PCR rate of 42% and was significantly superior to neoadjuvant
chemotherapy and trastuzumab alone (23%) [23]. A 5 year
survival analysis of the NeoSphere trial did not show any sig-
nificant differences when docetaxel and trastuzumab + per-
tuzumab were compared with docetaxel (HR 0.69; 95% CI
0.34-1.40) [19].

Two further neoadjuvant trials have reported high pCR rates
in the range of 57-66% with combinations of different chemo-
therapies with trastuzumab and pertuzumab [24, 25].

The data from these studies led to the approval of pertu-
zumab in combination with trastuzumab and chemotherapy
as neoadjuvant therapy for patients with primary breast can-
cer [26, 27]. However, in Germany, where newly approved
drugs have to undergo reimbursement assessments by statutory
health-insurance providers, the German Federal Joint Com-
mittee (G-BA) and the Institute for Quality and Efficiency in
Health Care IQWiG) did not conclude that there is any addi-
tional benefit of adding pertuzumab to the neoadjuvant com-
bination treatment of chemotherapy and trastuzumab based
on the prognostic benefit, which was at that time unconfirmed
[28].

Recently, the adjuvant APHINITY trial reported the effects
of the addition of pertuzumab in the adjuvant setting. With a
median follow-up of 45 months for 4805 randomized patients,
a small but statistically significant difference was seen (3-year
invasive disease-free survival rate in the pertuzumab arm
94.1% versus 93.2% in the placebo arm; P=0.045) [29].

With these data from the neoadjuvant setting and a poten-
tial benefit in the disease-free survival in the adjuvant set-
ting, real-world data may be helpful for assessing the value
of pertuzumab in the neoadjuvant setting in routine clini-
cal use. This paper presents a comparison of two cohorts
of patients with HER2-positive primary breast cancer who
received neoadjuvant therapy consisting of either chemo-
therapy and trastuzumab, or chemotherapy and trastuzumab
plus pertuzumab.

Patients and methods
The PRAEGNANT research network

The PRAEGNANT study (Prospective Academic Trans-
lational Research Network for the Optimization of the
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Oncological Health Care Quality in the Adjuvant and
Advanced/Metastatic Setting; NCT02338167, [30-32]) is
an ongoing registry with documentation similar to that
used in clinical trial databases. In general, patients can
be included at any time point during the course of their
disease. For the analysis presented here, the study infra-
structure was used for a retrospective analysis of patients
from three study sites (Bottrop, Erlangen, and Tiibingen).
All patients treated in these study sites had been screened
for their respective neoadjuvant anti-HER2 treatment. The
objective was to identify all patients in these study sites
who had received neoadjuvant treatment either with tras-
tuzumab and chemotherapy (CTX/TZM) or with chemo-
therapy, trastuzumab, and pertuzumab (CTX/TZM/PTZ).
Detailed patient referral and recruitment mechanisms for
each study site are described in Supplementary Table 1. A
total of 402 patients were identified.

Patients were excluded in the following hierarchical
order: patients who were participating in a neoadjuvant
clinical trial (n=85), patients with metastases at the pri-
mary diagnosis (n=9), and patients with metachronous
bilateral breast cancer (n = 8), resulting in a study popula-
tion of 300 patients treated in clinical routine. All of the
relevant ethics committees approved the study.

Data collection

Patient data were derived from the patients’ charts and
original pathology reports. The data were collected by
trained staff and documented on an electronic case report
form [30]. Data for the analysis were monitored and que-
ried remotely, and training and monitoring were carried
out on site at the study sites. All participating study sites
are certified breast cancer centers which prospectively
document treatment and follow-up data. Although the
analysis is retrospective, it used prospectively collected
follow-up data.

Therapies

All participating study sites were certified breast cancer
centers that administer treatment in accordance with the
German national guidelines and therapy recommendations.
Adherence to guidelines is monitored and audited on an
annual basis. A high degree of adherence with the guidelines
(>95%) is therefore assured. Breast-conserving therapy is
the aim unless oncological safety is of concern. Adjuvant
radiotherapy is performed in all patients with breast-con-
serving therapy or with mastectomy and additional risk fac-
tors. Adjuvant endocrine therapy is performed in all hor-
mone receptor-positive patients.
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Definition of pCR, hormone receptor, HER2 status,
and grading

Estrogen receptor status, progesterone receptor status, HER2
status, and grading were requested for documentation. There
was no central review of biomarkers. The site protocols
recommend assessing estrogen receptor and progesterone
receptor status as positive if > 1% were stained. A positive
HER?2 status required an immunohistochemistry score of
3+ or positive fluorescence in situ hybridization/competi-
tive in situ hybridization (FISH/CISH) findings. The pCR
assessment was directly documented from the pathology
reports. The following definitions of pCR were used. The
end point for the primary analysis was pCR o ee- defined as
the complete disappearance of all tumor cells regardless of
invasiveness (ypTO ypNO). For secondary analyses, pCR;,,
was used, defined as the complete disappearance of invasive
tumor cells (ypTO or ypTis and ypNO).

Statistical analysis

The primary objective was to assess whether the treatment
regimen (CTX/TZM versus CTX/TZM/PTZ) was associ-
ated with pCR o p1ee and whether the effect of therapy on
PCR ompiere Varied between patient subgroups, taking into
account predictors for pCR.

For this purpose, a logistic regression model (basic
model) was fitted with pCR ;e (“yes™ vs. “no”) as the
outcome and the following predictors for pCR ;e 2g€
at diagnosis (continuous), grading (ordinal, G1-G3), clini-
cal tumor size (ordinal; T1-T4), hormone receptor status
(categorical; positive, negative). Patients with missing out-
comes were excluded from the analyses. Missing predictor
values were imputed, and continuous predictors were used as
natural cubic spline functions, as done in Salmen et al. [33].
Subsequently, an additional logistic regression model was
fitted containing the treatment regimen (categorical; CTX/
TZM versus CTX/TZN/PTZ), the predictors from the previ-
ous basic model, and the interaction between the treatment
regimen and the predictors in the basic model (interaction
model). The two models were compared using the likelihood
ratio test. A significant test result indicates that the treatment
regimen influenced pCR ¢ beyond the other predictors,
either across all patients or at least within one of the sub-
groups defined by the predictors taken into consideration.
If the result was not significant, no further analyses were
conducted, to avoid false-positive results.

However, if the P value was significant, the interac-
tion model was compared with a reduced logistic regres-
sion model, the basic model with the treatment regimen
added but without the interaction terms (reduced model),
using the likelihood ratio test again. In case of significance,

subgroup-specific odds ratios (ORs) for the treatment regi-
men adjusted for the other predictors were calculated, using
the interaction model. If the result was not significant, an
adjusted overall OR for therapy regimen was calculated,
using the reduced model.

The performance of the logistic regression models in
terms of discrimination and calibration was measured using
the area under the receiver operating characteristic curve
(AUC) and the Hosmer—Lemeshow statistic y* test com-
paring predicted and observed pCR e €Vents, as done
recently in [34]. A large P value indicates satisfactory cali-
bration. To address overfitting, cross-validated AUC values
were also calculated, as described in [35]. The smaller the
difference between the cross-validated AUC and the original
AUC, the lower the amount of overfitting.

Inter-center heterogeneity was assessed using a likeli-
hood ratio test that compared the reduced model with the
reduced model extended by the predictor “study center” and
the interaction between treatment regimen and study center.
A large P value indicates that associations between the treat-
ment regimen and pCR were independent of the individual
centers.

Secondary objectives were to explore the effect of therapy
on pCR;, ., and the effect of therapy on mastectomy rates
(“yes” vs. “no”). Logistic regression analyses were per-
formed with pCR;,, and mastectomy, respectively, as out-
comes. For both outcomes, a logistic regression model with
the treatment regimen and the predictors from the basic
model above was fitted, and adjusted ORs for the treatment
regimen were presented. The effect of treatment regimen
and pCR on the disease-free survival was estimated using
the Kaplan—Meier method. Survival time was censored at
5 years after diagnosis.

All the tests were two-sided, and a P value of <0.05 was
regarded as statistically significant. Calculations were car-
ried out using the R system for statistical computing (version
3.0.1; R Core Team, Vienna, Austria, 2013).

Results
Patient, tumor, and study characteristics

A total of 192 patients received treatment with CTX/TZM
and 108 were treated with CTX/TZM/PTZ. The patient
characteristics relative to the treatment regimen are listed in
Table 1. The patient and tumor characteristics appeared to
be quite balanced between the two therapy groups. Patient
and tumor characteristics relative to the study site are also
provided in Supplementary Table 2.

The patients received either anthracycline-based or
platinum-based chemotherapy. Platinum-based treatment
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Table 1 Patient characteristics relative to treatment regimen

Characteristic CTX/TZM CTX/TZM/PTZ
normean %orSD normean % or SD

Age at diagnosis ~ 54.3 13.1 54.5 11.6
cT

cT1 74 38.5 46 42.6

cT2 85 443 52 48.1

cT3 10 52 5 4.6

cT4 23 12 5 4.6
Hormone receptor

Negative 64 333 40 37.0

Positive 128 66.7 68 63.0
Grading

1 3 1.6 1 0.9

2 86 44.8 42 38.9

3 103 53.6 65 60.2
Year of diagnosis

<2010 59 30.7 0 0.0

2011-2014 115 59.9 0 0.0

> 2015 18 9.4 108 100.0
PCR complete

No 134 69.8 51 47.2

Yes 58 30.2 57 52.8
Platinum-based CTC

No 115 59.9 38 352

Yes 77 40.1 70 64.8
PCRy,,

No 110 57.3 41 38.0

Yes 82 42.7 67 62.0
Mastectomy

No 113 58.9 56 52.8

Yes 79 41.1 50 47.2
Number of operations

1 168 88.9 101 93.5

>2 21 11.1 7 6.5

CTX chemotherapy, pCR,,,;.. pathological complete remission (all
tumor cells), pCR;

v Dathological complete remission (all invasive
tumor cells), PTZ pertuzumab, SD standard deviation, 7ZM trastu-
zumab

was chosen in 147 patients (49%) and anthracycline-
based treatment in 153 patients (53%) All but one patient
received neoadjuvant taxane therapy. The usage of plati-
num-based therapies is shown in Supplementary Table 2.

Associations between established predictors of pCR
and pCR rates are shown in Supplementary Table 3.
The pCR rates were higher in patients with ¢T1 and cT2
tumors than in those with ¢T3 and c¢T4 tumors. Patients
with a positive hormone receptor status had a lower pCR
rate, and higher grading correlated with higher pCR rates.

@ Springer

Therapy regimen and pCR effect

Comparison of logistic regression models with and with-
out the treatment regimen revealed that the therapy regi-
men significantly influenced pCR ;p,p1c;c in addition to the
predictors considered (P < 0.01, first likelihood ratio test).
The interactions between therapy regimen and the other
predictors, however, were not significant (P =0.27, sec-
ond likelihood ratio test). Thus, it was not shown that the
effect of therapy differed between patient subgroups. The
adjusted OR for CTX/TZM/PTZ versus CTX/TZM was
2.44 (95% CI 1.49-4.02) (Table 2).

The reduced logistic regression model used to pre-
dict risks was well calibrated. The difference between
actual and predicted events was quite low (P=0.71, Hos-
mer—Lemeshow test). The discrimination ability of the
final regression model was satisfactory at AUC =0.662.
The cross-validated AUC was 0.632, indicating some over-
fitting. The cross-validated AUC values for the basic and
interaction models were lower (0.588 and 0.614, respec-
tively), confirming the main result that the treatment regi-
men is predictive without differences between subgroups.
The study center did not influence the treatment effect
(P=0.88, likelihood ratio test).

The results for pCR;,, were similar. The adjusted OR
for CTX/TZM/PTZ versus CTX/TZM was 2.04 (95% CI
1.24-3.35) (Table 3). Unadjusted pCR rates are shown in
Table 1: patients with CTX/TZM showed a pCR ;p,pjere
in 30.2% (n=>58), in comparison with 52.8% (n=757) for
patients treated with CTZ/TZM/PTZ. The pCR,,, rates

mv

were 42.7% (n=2382) and 62.0% (n=67), respectively.

Therapy and surgery outcomes

It was not found that the treatment choice influenced the
mastectomy rate (OR, 1.45; 95% CI 0.86-2.44; P=0.16).
The mastectomy rates were 41.1% (n=79) with CTX/TZM
treatment and 47.2% (n=150) with CTX/TZM/PTZ treat-
ment. An analysis of the number of operations needed was
not meaningful, as only 28 patients (21 with CTX/TZM/PTZ
and seven with CTX/TZM/PTZ) required repeat surgery.

Survival analyses

The Kaplan—Meier curves for disease-free survival are
shown in Fig. 1. The statistical power was low, as there were
only 34 events and the follow-up period for pertuzumab-
treated patients (with drug approval in 2015) was short.
Overall-survival analyses were not performed, with only
seven events during the observation period.
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Table 2 Prediction of Predictor Coefficient (SE) OR (95% CI) P value
pathological complete response
(PCR complere) With therapy Intercept -0.9653 (0.8872) -
e etors addition to known Age at diagnosis® Per year 0.0014 (0.0099) 1.00 (0.98, 1.02) 0.89
Grading Per grade 0.3283 (0.2417) 1.39 (0.86, 2.23) 0.17
cT Per stage —0.2056 (0.1467) 0.81 (0.61, 1.09) 0.16
Hormone receptor Negative” 0 1 -
Positive —0.6164 (0.2575) 0.54 (0.33, 0.89) 0.02
Treatment regimen CTX/TZM® 0 1 -
CTX/TZM/PTZ 0.8934 (0.2540) 2.44 (1.49, 4.02) < 0.001

Table 3 Prediction of complete
disappearance of invasive tumor
cells (pCR;,,) with treatment
regimen in addition to known

predictors

Coefficients of logistic regression model with pCR

complete

predictors, and P values from Wald tests are shown

as outcome, odds ratios adjusted for the other

CI confidence intervals, ¢T clinical tumor stage, CTX chemotherapy, OR odds ratio, PTZ pertuzumab, SE
standard error, TZM trastuzumab

“The continuous predictor age fitted best as linear function

PReference category

Predictor Coefficient (SE) OR (95% CI) P value
Intercept —0.0882 (0.8502) - -
Age at diagnosis® Per year —0.0044 (0.0096) 1.00 (0.98, 1.01) 0.65
Grading Per grade 0.4101 (0.2329) 1.51 (0.95, 2.38) 0.08
cT Per stage —0.2953 (0.1403) 0.74 (0.57,0.98) 0.04
Hormone receptor Negative® 0 1 -
Positive —0.6785 (0.2554) 0.51(0.31,0.84) <0.01
Treatment regimen CTX +TZM® 0 1 -
CTX+TZM+PTZ 0.7121 (0.253) 2.04 (1.24,3.35) <0.01

Coefficients of logistic regression model with pCR;,, as outcome, odds ratios adjusted for the other predic-
tors, and P values from Wald tests are shown

inv

CI confidence intervals, ¢T clinical tumor stage, CTX chemotherapy, OR odds ratio, PTZ pertuzumab, SE

standard error, 7ZM trastuzumab

#The continuous predictor age fitted best as linear function

PReference category

Discussion

This study shows that outside of clinical trials, patients
treated with CTX/TZM/PTZ in everyday neoadjuvant clin-
ical routine had an approximately 20% higher pCR rate in
comparison with patients treated with CTX/TZM alone.
This effect was consistent among all of the subgroups. The
choice of neoadjuvant treatment did not have any influence
on the mastectomy rate. The number of events and the
median follow-up period did not allow any conclusions to
be drawn at present regarding the prognosis.

This real-world analysis shows pCR rates similar
to those reported in clinical trials using the triple com-
bination of CTX/TZM/PTZ. Initially, the NeoSphere
trial showed a pCR rate (pT0/is pNO) of 42% [23]. In
the TRYPHAENA trial, two anthracycline-containing

regimens (5-fluorouracil, epirubicin, and cyclophospha-
mide [FEC] + pertuzumab + trastuzumab followed by doc-
etaxel + pertuzumab + trastuzumab and FEC followed by
docetaxel 4+ pertuzumab + trastuzumab) were compared
with the anthracycline-free regimen of docetaxel + carbo-
platin + pertuzumab + trastuzumab [24]. The rates of pCR
(pTO/pTis pNO/pN1) in that study were 61.3%, 57.3%, and
66.2%, respectively [24]. The BERENICE trial recently
achieved pCR rates (pT0/pTis pNO) of 61.8% in patients
treated with dose-dense chemotherapy followed by pacli-
taxel + TZM/PTZ and 60.7% in those treated with FEC
followed by docetaxel + TZM/PTZ [25]. A U.S.-based
registry reported pCR rates (pT0/pTis pNO) of 40% in
patients treated with CTX/TZM and 57% in those treated
with CTX/TZM/PTZ (calculated from [36]).

The present data, with 62.0% for pT0/is pNO and 52.8%
for pTO pNO, confirm these published findings. With regard
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Fig. 1 Kaplan—Meier curves for
disease-free survival relative to 1.0 AT t -
pathological complete response JaCr T -
(pCchmplele) and treatment e it i
regimen. The numbers of events N
were 28 (no pCR and CTX/ 0.8 - L
TZM), 1 (no pCR and CTX/ Ny
TZM/PTZ),5 pCRandCTX/ | T
TZM), and O (pCR and CTX/
TZM/PTZ)
0.6 1
£
=
8
[
a
0.4
0.2
-=- nopCR and CTX/TZM (n=132)
—— no pCR and CTX/TZM/PTZ (n=51)
--- pCR and CTX/TZM (n=58)
0.0 —— pCR and CTX/TZM/PTZ (n=57)
T T T T T T
0 1 2 3 4 5 6 7

At Risk

no pCR and CTX/TZM 132
no pCR and CTX/TZM/PTZ 51
pCR and CTX/TZM 58
pCR and CTX/TZM/PTZ 57

to the low pCR rates in the NeoSphere trial, it should be
borne in mind that the NeoSphere patients were only treated
with docetaxel, while anthracycline or platinum were not
permitted in the trial protocol. The length of neoadjuvant
chemotherapy was therefore shorter than is usually the case
in everyday clinical practice and in other studies.

The results of this report and earlier registry and clini-
cal trials data [23, 24, 36, 37] show that the improvement
in pCR rates is reproducible in clinical practice; instead of
three out of ten women achieving a pCR, the figure is five
out of ten with complete disappearance of all tumor cells
from the breast and axillary lymph nodes. In Germany, about
7300 HER2-positive patients receive neoadjuvant treatment
per year. Adding pertuzumab to the neoadjuvant treatment
regimen could allow approximately 1500 additional women
to achieve complete disappearance of tumor cells.

Despite these clear differences and the impact on a rel-
evant number of patients, the German Federal Joint Com-
mittee (G-BA) and the Institute for Quality and Efficiency
in Health Care (IQWiG) have not taken the view that there
is any additional benefit from the addition of pertuzumab
to neoadjuvant chemotherapy and trastuzumab, which is
because of the unreported effect on the prognosis [28]. Even
with the recently published data from the APHINITY study,
there was only a small absolute difference of 0.9% between
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Time (in years)

116 97 76 52
25 0 0 0
51 41 29 18
19 0 0 0

the treatment arms (3-year disease-free survival rates) [29],
with overall-survival data still pending.

In clinical practice, this might not in fact be the most
relevant argument from the patients’ standpoint. Assuming
that 7300 patients with HER2-positive early breast cancer
are treated with neoadjuvant therapy in Germany, potentially
an additional 1760 patients per year would achieve a pCR
if pertuzumab were to be used in combination with trastu-
zumab. In addition to this argument, an independent review
of the available data regarding pertuzumab in neoadjuvant
treatment performed by the School of Health and Related
Research Technology Appraisal Group at the University
of Sheffield found that the therapy was cost-effective. The
reviewers recommended providing access to neoadjuvant
pertuzumab for patients with early-stage HER2-positive
breast cancer [38]. Additionally, it must be borne in mind
that several trastuzumab biosimilars are being introduced
into health care in late 2017 and early 2018, which may
reduce the total costs of this combination neoadjuvant anti-
HER?2 treatment.

With regard to other predictors of pCR our study
showed that in this HER2 positive population hormone
receptor status was a clear predictor for both outcome
variables of pCR with odds ratios between 0.51 and 0.54.
Other variables did not have such a stable effect on pCR
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indicating the prominent role of hormone receptor status
on the pCR as seen in many other neoadjuvant studies
[12-15, 18].

The present study has several limitations. First, the dis-
tribution of treatment choices over the years shows that
after 2014, mainly PTZ-containing therapy was admin-
istered and almost no trastuzumab any more. There is
evidence showing that pCR rates are increasing over the
years [39]. A cohort effect can therefore not be excluded.
In addition, although the sample size is comparable to that
in the NeoSphere study, some of the subgroups are rather
small for adequately powered subgroup analysis. One other
limitation is the lack of information about the duration of
the chemotherapy and antibody therapy. Patients were con-
sidered to be treated with the drugs, if at least one cycle
was documented. Also as this is real-world data, there was
a variety of chemotherapy regimens including platinum.
However sample sizes were to low to assess the influence
of these different kinds of chemotherapies. With only three
study sites, it may be difficult to generalize the data to the
whole of Germany, but no differences were found between
the study sites with regard to the effect of the treatment
regimen on pCR.

Conclusions

This study shows that the rates of pathological complete
remission in neoadjuvant treatment regimens containing
trastuzumab and pertuzumab are about 20% higher than in
regimens that use trastuzumab alone. This analysis of real-
world data, not including any patients who were participat-
ing in clinical trials, thus supports the published data show-
ing increases in the pCR rate through the addition of PTZ.
In everyday clinical practice, it is challenging to deliberately
choose a treatment regimen that has a 20% lower pCR rate.
However, data regarding the prognosis need to be taken into
account when the risks and benefits of this form of treatment
are being assessed. With clear and measurable effects out-
side of clinical trials, patient-care/health-care research may
be able to answer questions that have not yet been addressed
or cannot be addressed in clinical studies.
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