
lable at ScienceDirect

The Breast 29 (2016) 153e159
Contents lists avai
The Breast

journal homepage: www.elsevier .com/brst
Original article
Toxicity of dual HER2-blockade with pertuzumab added to
anthracycline versus non-anthracycline containing chemotherapy as
neoadjuvant treatment in HER2-positive breast cancer: The TRAIN-2
study

Mette S. van Ramshorst a, Erik van Werkhoven b, Aafke H. Honkoop c,
Vincent O. Dezentj�e d, Irma M. Oving e, Ingrid A. Mandjes b, Inge Kemper a,
Carolien H. Smorenburg a, Jacqueline M. Stouthard a, Sabine C. Linn a, Gabe S. Sonke a, *, on
behalf of the Dutch Breast Cancer Research Group (BOOG)
a Department of Medical Oncology, Netherlands Cancer Institute, Plesmanlaan 121, 1066 CX Amsterdam, The Netherlands
b Department of Biometrics, Netherlands Cancer Institute, Plesmanlaan 121, 1066 CX Amsterdam, The Netherlands
c Department of Medical Oncology, Isala, Dokter van Heesweg 2, 8025 AB Zwolle, The Netherlands
d Department of Medical Oncology, Reinier de Graaf Gasthuis, Reinier de Graafweg 5, 2625 AD Delft, The Netherlands
e Department of Medical Oncology, Ziekenhuisgroep Twente, Zilvermeeuw 1, 7609 PP Almelo, The Netherlands
a r t i c l e i n f o

Article history:
Received 25 May 2016
Received in revised form
12 July 2016
Accepted 13 July 2016

Keywords:
Breast cancer
Toxicity
Human epidermal growth factor 2
Neoadjuvant treatment
Trastuzumab
Pertuzumab
* Corresponding author. Fax: þ31 20 512 2572.
E-mail address: g.sonke@nki.nl (G.S. Sonke).

http://dx.doi.org/10.1016/j.breast.2016.07.017
0960-9776/© 2016 Published by Elsevier Ltd.
a b s t r a c t

Background: The addition of pertuzumab to neoadjuvant trastuzumab-based chemotherapy improves
pathologic complete response rates in HER2-positive breast cancer. However, increased toxicity has been
reported with the addition of pertuzumab, and this may differ between various chemotherapy backbone
regimens. We evaluated toxicities of pertuzumab when added to either FEC-T (5-fluorouracil, epirubicin,
cyclophosphamide, trastuzumab) or weekly paclitaxel, trastuzumab, carboplatin (PTC).
Methods: The TRAIN-2 study is a neoadjuvant randomized controlled trial in stage II and III HER2-
positive breast cancer (NCT01996267). Patients are randomly assigned to receive either three cycles of
FEC-T plus pertuzumab or three cycles of PTC plus pertuzumab, followed by six cycles of PTC plus per-
tuzumab in both arms. Toxicities are described per treatment arm according to the Common Toxicity
Criteria for Adverse Events version 4.03.
Results: This analysis includes 110 patients balanced over both treatment arms. Neutropenia was the
most common hematologic toxicity, with grade 3e4 occurring in 53% in the FEC-T-arm and in 51% in the
PTC-arm. Febrile neutropenia occurred in 9% in the FEC-T arm and did not occur in the PTC-arm. Sec-
ondary G-CSF prophylaxis was used in 35e40% of patients. Asymptomatic ejection fraction decrease
grade 2 was observed in 24% in the FEC-T-arm and 11% in the PTC-arm. The most common grade 3e4
non-hematologic toxicity was diarrhea (5% in the FEC-T-arm and 18% in the PTC-arm).
Conclusions: Pertuzumab in combination with FEC-T mostly causes neutropenia, and when added to PTC
mostly causes diarrhea. Significant cardiac toxicity is rare with both regimens, and toxicity is overall well
manageable.

© 2016 Published by Elsevier Ltd.
Introduction

Trastuzumab-based (neo)adjuvant chemotherapy is the stan-
dard of care for patients with stage II and III human epidermal
growth factor receptor 2 (HER2) positive breast cancer [1]. The
addition of pertuzumab to trastuzumab-based chemotherapy
almost doubles the pathologic complete response (pCR) rate
(from 22% to 39%) and has recently been registered for use in the
neoadjuvant setting [1,2]. However, important toxicity has been
reported as well, which may differ between various chemo-
therapy regimens. Thus, the optimal chemotherapy backbone for
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dual HER2-blockade is unknown, both from an efficacy and
from a toxicity point-of-view. In particular, it is uncertain
whether anthracyclines and cyclophosphamide should be part of
the optimal chemotherapy regimen. Anthracyclines and cyclo-
phosphamide are associated with severe long-term toxicities
including cardiotoxicity, secondary malignancies, and infertility
[3e5]. Therefore, regimens without these two agents might be
preferable if the same efficacy can be achieved [3,6]. In the
TRAIN-study we evaluated a trastuzumab-containing regimen
with weekly paclitaxel and carboplatin and this regimen showed
a promising high pCR rate (van Ramshorst et al. submitted), within
the same range as observed with regimens including dual HER2-
blockade [2,7]. Subsequently, the TRAIN-2 study was designed to
compare the efficacy and safety of six cycles of weekly paclitaxel,
carboplatin, trastuzumab plus pertuzumab preceded by three
cycles of weekly paclitaxel, carboplatin, trastuzumab plus per-
tuzumab or three cycles of 5-fluorouracil, epirubicin, cyclo-
phosphamide, trastuzumab plus pertuzumab. Here, we report
the toxicity analyses of the first 110 patients treated in the
TRAIN-2 study.

Methods

Study design and patients

The TRAIN-2 study is a randomized, open-label, multicenter
trial designed to compare the efficacy and safety of dual HER2-
blockade with trastuzumab plus pertuzumab in combination
with anthracycline-containing combination chemotherapy versus
a non-anthracycline chemotherapy regimen in newly diagnosed
stage II and III HER2-positive breast cancer patients (NCT01996267).
Eligible patients were 18 years or older, treatment-naïve, and had
no history of prior malignancy. Other eligibility criteria included a
WHO performance status 0e1, a baseline left ventricular ejection
fraction (LVEF) of �50%, adequate liver, renal, and bone marrow
function, and no current pregnancy or breastfeeding. All patients
gave written informed consent. The medical ethics committee of
the Netherlands Cancer Institute approved the study protocol and
any modifications thereof. The primary endpoint of the study is the
percentage pCR. Safety was a key secondary endpoint, defined as
the percentage patients with grade �3 toxicity, and grade �2 for
cardiotoxicity and neuropathy. Toxicities were recorded according
to Common Toxicity Criteria for Adverse Events (CTCAE) version
4.03. This pre-specified safety analysis was performed after the first
110 patients had completed neoadjuvant treatment and had un-
dergone surgery, which comprises 25% of the total planned accrual
(n ¼ 437).

Treatment schedule

Patients were randomly assigned to receive three cycles of
three-weekly paclitaxel (80 mg/m2 day 1 and 8), trastuzumab
(6 mg/kg, loading dose 8 mg/kg), carboplatin (AUC¼ 6mg$min/ml)
[PTC] plus pertuzumab (420 mg, loading dose 840 mg) or three
cycles of three-weekly 5-fluoruoracil (500 mg/m2), epirubicin
(90 mg/m2), cyclophosphamide (500 mg/m2) and trastuzumab
[FEC-T] plus pertuzumab, followed by six additional cycles of three-
weekly PTC plus pertuzumab in both arms (Supplementary Fig. 1).
Physical examination, hematologic and biochemical investigations,
and toxicity evaluationwere completed before every chemotherapy
cycle. LVEF measurements were repeated every three months or
more often if indicated. Criteria for dose adjustments are summa-
rized in Table 1.

Surgery was performed within six weeks of last chemotherapy
and pathologic response was evaluated according to Dutch
national guidelines, with pCR defined as the absence of any re-
sidual invasive tumor cell in the breast and axilla. After surgery
adjuvant trastuzumab was continued to complete one year of
treatment. Further adjuvant treatment was applied according to
local guidelines.

Statistical analysis

Descriptive statistics of baseline, treatment, and toxicity data are
reported according to treatment arm. Differences in treatment in-
tensity and toxicity between the arms were tested for significance
using the Wilcoxon rank sum test for continuous variables and the
two-sided Fisher's exact test for categorical variables. All statistical
calculations were made using R (www.r-project.org) and statistical
significance was defined as p < 0.05.

Results

Between December 2013 and November 2014, 110 patients were
included. All patients were female and median age was 47 years
(range 32e73). Sixty-three percent of patients had stage II disease,
and 63% had a hormone-receptor positive tumor. Baseline charac-
teristics are summarized in Table 2.

Treatment intensity

Eighty-two percent of patients in the FEC-T-arm received all
nine courses of treatment compared with 80% in the PTC-arm
(Supplementary Fig. 2 contains a consort flow diagram). Chemo-
therapy dose was reduced in five patients (9%) in each arm during
the first three treatment courses. During the subsequent six courses
at least one dose reduction was implemented in 45% (25/55) of
patients in the FEC-T-arm and in 56% (30/54) in the PTC-arm. The
median number of received courses per drug and the administered
cumulative dose as a percentage of the expected cumulative dose
per drug are shown in Table 3.

Hematological adverse events

Grade 3e4 neutropenia occurred at a similar rate in both arms
(53% vs 51%), although grade 4 neutropenia was more common
with FEC-T (16% vs 4%; p ¼ 0.06; Table 4). Febrile neutropenia was
seen in five patients (9%) in the FEC-T-arm and in none in the PTC-
arm (p ¼ 0.06). G-CSF support was initiated following grade �3
neutropenia according to protocol in 40% of patients in the FEC-T-
arm and in 35% of patients in the PTC-arm (p ¼ 0.69), and pre-
vented further grade �3 neutropenia in all but four patients. As
described in Table 1, G-CSF support was not indicated if neu-
tropenia occurred simultaneously with thrombocytopenia in the
FEC-T arm.

Grade 3e4 thrombocytopenia was seen in ten patients in the
FEC-T-arm and in seven in the PTC-arm, but was exclusively seen
during the PTC cycles in both arms.

One patient was diagnosed with acute myeloid leukemia (AML)
after three cycles FEC-T plus pertuzumab and two cycles PTC plus
pertuzumab, which was considered possibly related to treatment,
although the interval since start of chemotherapy was very short.
However, cytogenetic analysis revealed a chromosome 16 inver-
sion, which is described in association with topoisomerase II in-
hibitors like anthracyclines [8].

Cardiac toxicity

Cardiac toxicity was rare in both treatment arms. The lowest
measured LVEF per patient ranged between 45% and 76% in the
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Table 1
Toxicity-based dose adjustments.

Toxicity Action

Hematological toxicity Delay treatment cycle until recoverya, with a maximum of 2 weeksb

� Isolated neutropenia (absolute neutrophil count <1.0 � 109/L) � Start G-CSF support (continue until last course)
� During G-CSF support: 25% dose reduction of chemotherapy

� Isolated thrombocytopenia (platelet count <75 � 109/L) � FECT-arm: 25% dose reduction of FEC
� PTC-arm: 25% dose reduction of carboplatin

� Neutropenia and thrombocytopenia � FECT-arm: 25% dose reduction of FEC
� PTC-arm: start G-CSF support and 25% dose reduction of carboplatin

Non-hematological toxicity Delay treatment cycle until recoveryc, with a maximum of 2 weeksb

� Non-hematological toxicity � grade 3 � FECT-arm: 25% dose reduction of FECd

� PTC-arm: 25% dose reduction of paclitaxel and carboplatind

� Polyneuropathy � grade 2 � FECT-arm: 25% dose reduction of FECd

� PTC-arm: 25% dose reduction of paclitaxel and carboplatind

Cardiotoxicity
� LVEF decrease of >15% points from baseline � Retain trastuzumab and pertuzumab and repeat LVEF after 3 weekse (resume if criteria

for continuation are met)� LVEF decrease of �10% points with LVEF below LLN

G-CSF, granulocyte-colony stimulating factor; FECT, 5-fluorouracil, epirubicin, cyclophosphamide, trastuzumab.
PTC, paclitaxel, trastuzumab, carboplatin; LVEF, left ventricular ejection fraction; LLN, lower limit of normal.

a Hematological recovery is defined as absolute neutrophil count �1.0 � 109/L and platelet count �75 � 109/L.
b In case of a treatment delay of > 2 weeks (i.e. consecutive or segregated) discuss individual patient management with study team.
c Non-hematological recovery is defined as toxicity of maximum grade 2, and for polyneuropathy of maximum grade 1.
d Unless the toxicity can unambiguously be related to a specific agent, then specific dose adjustments may be applied.
e Permanently discontinue trastuzumab and pertuzumab if 2 consecutive holds or a total of 3 holds occur.

Table 2
Baseline characteristics according to treatment arm.

FECT-Ptz (n¼55) PTC-Ptz (n¼55) Total (n¼110)

n (%) n (%) n (%)

Age
Median (range) 48 (32-65) 47 (32-73) 47 (32-73)
Primary tumor size
Median (range) 39 (10-95) 37 (12-120) 38 (10-120)
Performance status
WHO 0 51 (93) 49 (89) 100 (91)
WHO 1 3 (5) 6 (11) 9 (8)
Unknown 1 (2) 0 (0) 1 (1)
Clinical N-stage
Negative 19 (35) 16 (29) 35 (32)
Positive 36 (65) 39 (71) 75 (68)
Disease stage
II 23 (60) 36 (65) 69 (63)
III 28 (40) 19 (34) 41 (37)
Grade
1 0 (0) 2 (4) 2 (2)
2 15 (27) 13 (24) 28 (25)
3 22 (40) 18 (33) 40 (36)
Unknown 18 (33) 22 (40) 40 (36)
Histology
Ductal 45 (82) 51 (93) 96 (87)
Lobular 4 (7) 2 (4) 6 (5)
Mixed 3 (5) 1 (2) 4 (4)
Other 3 (5) 1 (2) 4 (4)
Hormone receptor status
ER- and PR- 20 (36) 21(38) 41 (37)
ERþ and/or PRþ 35 (64) 34 (62) 69 (63)

Table 3
Treatment intensity according to treatment arm per drug (median number of
received courses and administered cumulative dose as percentage of the expected
cumulative dose).

FEC-T-Ptz
(n ¼ 55)

PTC-Ptz
(n ¼ 55)

Median (range) Median (range)

Trastuzumab
Number of courses 9 (4e9) 9 (2e9)
Received cumulative dose of expected (%) 100 (47e100) 99 (27e100)
Pertuzumab
Number of courses 9 (4e9) 9 (2e9)
Received cumulative dose of expected (%) 100 (50e100) 100 (30e100)
Paclitaxel
Number of courses 6 (1e6) 9 (2e9)
Received cumulative dose of expected (%) 94 (8e100) 93 (16e100)
Carboplatina

Number of courses 6 (0e6) 9 (2e9)
Received cumulative dose of expected (%) 90 (0e100) 89 (43e100)
5-Fluorouracilb

Number of courses 3 (2e3) e

Received cumulative dose of expected (%) 99 (60e100) e

Epirubicinb

Number of courses 3 (2e3) e

Received cumulative dose of expected (%) 99 (50e100) e

Cyclophosphamideb

Number of courses 3 (2e3) e

Received cumulative dose of expected (%) 99 (58e100) e

a One patient in the FEC-T arm did not receive carboplatin because of ototoxicity
after FEC-T.

b One patient in the FEC-T arm received only 2 cycles FEC-T because of elevated
transaminases, but did receive the subsequent PTC-Ptz cycles.
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FEC-T-arm and 32%e72% in the PTC-arm. One patient with multiple
pre-existing cardiovascular risk factors in the PTC-arm suffered an
acute myocardial infarction with subsequent drop in LVEF to 32%
(grade 3 ejection fraction decrease). One month later the same
patient suffered a stroke. Further neoadjuvant treatment was dis-
continued and early surgery was performed. This was the only
patient experiencing symptomatic left ventricular dysfunction,
and no other grade �3 cardiotoxicity was observed. Twenty-four
percent (95%CI 13e37%) of patients in the FEC-T-arm and 11%
(95%CI 4e22%) in the PTC-arm (p ¼ 0.21) experienced
asymptomatic grade 2 LVEF decrease (LVEF 50e40% or LVEF
decrease 10e19%). Of the seven patients with an LVEF below 50%
during treatment, three remained below 50% at the last LVEF
measurement before surgery (LVEF of 46% in two patients, and LVEF
of 32% in one patient who experienced a myocardial infarction).
One patient, in the PTC-arm, attended the hospital because of
palpitations with a supraventricular tachycardia, which converted
to a sinus rhythm after adenosine. This episode was reported to be
unlikely related to study drugs.



Table 4
Hematological toxicities grade �3.

FEC-T-Ptz (n ¼ 55) PTC-Ptz (n ¼ 55) p*

Grade 3 Grade 4 Grade 3 Grade 4

n (%) n (%) n (%) n (%)

Overall
Anemia 14 (25) 0 (0) 7 (13) 0 (0) 0.14
Neutropenia 20 (36) 9 (16) 26 (47) 2 (4) 1.00
Thrombocytopenia 7 (13) 3 (5) 6 (11) 1 (2) 0.60
Febrile neutropenia 5 (9) 0 (0) 0 (0) 0 (0) 0.06
During cycle 1e3
Anemia 0 (0) 0 (0) 1 (2) 0 (0) 1.00
Neutropenia 11 (20) 7 (13) 7 (13) 1 (2) 0.04
Thrombocytopenia 0 (0) 0 (0) 2 (4) 0 (0) 0.50
Febrile neutropenia 4 (7) 0 (0) 0 (0) 0 (0) 0.12
During cycle 4e9a

Anemia 14 (25) 0 (0) 7 (13) 0 (0) 0.14
Neutropenia 21 (38) 2 (4) 25 (46) 1 (2) 0.57
Thrombocytopenia 7 (13) 3 (5) 5 (9) 1 (2) 0.42
Febrile neutropenia 1 (2) 0 (0) 0 (0) 0 (0) 1.00

*p-value: difference in incidence of grade �3 toxicity between both arms.
Statistical significance is defined as p-value <0.05 are in italics.

a In the PTC-arm only 54 patients started the 4th cycle.

Table 5
Non-hematological toxicities grade�3 occurring in at least two patients in the same
treatment arm.

FEC-T-Ptz (n ¼ 55) PTC-Ptz (n ¼ 55) p*

Grade 3 Grade 4 Grade 3 Grade 4

n (%) n (%) n (%) n (%)

Overall
ALAT/ASAT elevated 3 (5) 0 (0) 5 (9) 0 (0) 0.72
Allergic reaction 0 (0) 0 (0) 2 (4) 0 (0) 0.50
Diarrhea 3 (5) 0 (0) 10 (18) 0 (0) 0.07
Ejection fraction decreaseda 0 (0) 0 (0) 1 (2) 0 (0) 1.00
Electrolyte disturbancesb 1 (2) 0 (0) 3 (5) 1 (2) 0.36
Fatigue 2 (4) 0 (0) 4 (7) 0 (0) 0.68
Infection (any site)c 4 (7) 0 (0) 2 (4) 0 (0) 0.68
Peripheral neuropathy 2 (4) 0 (0) 3 (5) 0 (0) 1.00
Syncope 0 (0) 0 (0) 4 (7) 0 (0) 0.12
During cycle 1e3
ALAT/ASAT elevated 1 (2) 0 (0) 3 (5) 0 (0) 0.62
Allergic reaction 0 (0) 0 (0) 2 (4) 0 (0) 0.50
Diarrhea 3 (5) 0 (0) 6 (11) 0 (0) 0.49
Electrolyte disturbancesb 1 (2) 0 (0) 0 (0) 0 (0) 1.00
Fatigue 1 (2) 0 (0) 2 (4) 0 (0) 1.00
Infection (any site)c 2 (4) 0 (0) 0 (0) 0 (0) 0.50
Peripheral neuropathy 0 (0) 0 (0) 0 (0) 0 (0) 1.00
Syncope 0 (0) 0 (0) 0 (0) 0 (0) 1.00
During cycle 4e9d

ALAT/ASAT elevated 2 (4) 0 (0) 2 (4) 0 (0) 1.00
Allergic reaction 0 (0) 0 (0) 0 (0) 0 (0) 1.00
Diarrhea 1 (2) 0 (0) 5 (9) 0 (0) 0.11
Electrolyte disturbancesb 0 (0) 0 (0) 3 (6) 1 (2) 0.06
Fatigue 1 (2) 0 (0) 4 (7) 0 (0) 0.21
Infection (any site)c 2 (4) 0 (0) 1 (2) 0 (0) 1.00
Peripheral neuropathy 2 (4) 0 (0) 3 (6) 0 (0) 0.68
Syncope 0 (0) 0 (0) 4 (7) 0 (0) 0.06

*p-value: difference in incidence of grade �3 toxicity between both arms.
Statistical significance is defined as p-value <0.05 are in italics.

a Ejection fraction was measured every three months during therapy, thus first
time was during the 4e9th cycle unless indicated earlier.

b Electrolyte disturbances consisting of: 1 hypocalcemia, 1 hypokalemia, 1 hy-
pomagnesemia, 1 hyponatremia, 1 hypophosphatemia.

c Infection sites: 1 lower respiratory tract, 1 upper respiratory tract, 1 tooth, 1
urinary tract, 1 infection with unspecified site.

d In the PTC-arm only 54 patients started the 4th cycle.
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Non-hematological adverse events

Diarrhea was the most common grade 3e4 non-hematological
adverse event, occurring in 5% of patients in the FEC-T-arm and
18% in the PTC-arm (p ¼ 0.07). Diarrhea occurred early during
treatment with 5% of patients experiencing grade� 3 diarrhea after
the first course. Diarrhea grade �3 did not result in less adminis-
tered therapy, as both patients with and without diarrhea received
similar doses of therapy (data not shown). Dehydration was re-
ported in one patient in each arm, both grade 3. Other non-
hematological toxicities grade �3 observed in at least two pa-
tients in the same treatment arm are summarized in Table 5. Grade
3 peripheral neuropathy was reported in two patients (4%) in the
FEC-T-arm and in three patients (5%) in the PTC-arm, and grade 2
was described in 14 patients (25%) and in 15 patients (27%)
respectively. Neuropathy was almost exclusively seen in a later
phase of the treatment. In total 26 patients (24%) experienced one
or more serious adverse events (SAEs) requiring hospital admis-
sion, and were well balanced between both treatment arms. Most
SAEs were related to febrile neutropenia or diarrhea.

Discussion

In this safety analysis of the TRAIN-2 study, pertuzumab in
combinationwith FEC-T and PTC was well tolerated as neoadjuvant
treatment in patients with stage II-III HER2-positive breast cancer.
Over 80% of patients in both arms completed all planned treatment
cycles. The most common grade 3e4 toxicity was neutropenia,
occurring at similar rates in both arms. Febrile neutropenia was
very rare (<5%), with secondary G-CSF prophylaxis used in 35e40%
of patients. Cardiac tolerability of both regimenswas good, and only
one patient (<1%), with pre-existing cardiovascular risk factors,
experienced left ventricular dysfunction. Most common non-
hematological toxicity was diarrhea and was well manageable in
almost all patients.

Previous studies reported neutropenia rates similar to what we
found [2,3,9]. In our study, the severity of neutropenia was worse
with FEC-T compared with PTC, with more grade 4 neutropenia
and more febrile neutropenia, possibly attributable to the use of
three instead of two chemotherapeutics in the FEC-T-arm and the
particular myelosuppressive effect of anthracyclines and cyclo-
phosphamide [10]. The TRAIN-2 study was designed before the
publication of the GIM-2 study results, which show similar effi-
cacy of FEC versus EC. Therefore, 5-fluorouracil was incorporated
in our study regimen, and may have contributed to additional
toxicity, which can be avoided in the future by using EC [11]. In
contrast to our results, similar rates were reported in both arms
receiving six cycles of pertuzumab in the Tryphaena trial: in the
arm receiving three times FEC-T plus pertuzumab followed by
docetaxel/trastuzumab plus pertuzumab, and the arm receiving
six cycles TCH plus pertuzumab neutropenia grade �3 was re-
ported in 47% and 46% respectively, and febrile neutropenia in 18%
and 17% respectively [9]. In the Neosphere study neutropenia
grade�3 occurred in 45% and febrile neutropenia in 8% of patients
receiving dual HER2-blockade with trastuzumab plus pertuzumab
combined with docetaxel [2]. In a retrospective study of 70 pa-
tients treated with TCH plus pertuzumab and who received pri-
mary G-CSF prophylaxis, febrile neutropenia was observed in 3%
of patients [12]. The results of the BCIRG-006 trial, the first study
comparing trastuzumab-based chemotherapy with and without
the anthracycline/cyclophosphamide combination, are in line
with our findings with significantly more grade �3 neutropenia in
the anthracycline-containing armwith four cycles of doxorubicin/
cyclophosphamide followed by four cycles of docetaxel/trastu-
zumab ([AC-TH], 72%) compared to the anthracycline-free arm
with six cycles of docetaxel/carboplatin/trastuzumab ([TCH], 66%)
[3]. In addition, a more recent neoadjuvant trial of 100 patients
randomized to either paclitaxel/carboplatin/trastuzumab or 5-
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fluorouacil,/epribucin/trastuzumab found neutropenia grade �3
neutropenia in 56% and 70% respectively, and febrile neutropenia
in 8% and 14% respectively [13]. However, both these studies were
performed before the pertuzumab era. G-CSF was not adminis-
tered as primary prophylaxis in our study, but was prescribed
according to protocol at first occurrence of grade �3 neutropenia
or febrile neutropenia for all subsequent cycles, but without
implementation of a dose reduction at first instance. After initi-
ation of G-CSF only four more instances of neutropenia occurred.
Primary G-CSF prophylaxis does not seemwarranted based on the
observed febrile neutropenia rate below 10%, and secondary
prophylaxis should be implemented according to protocol or
supportive treatment guidelines [14]. Thrombocytopenia was
seen at a similar rate in both arms (18% versus 13%), but occurred
exclusively during the PTC-cycles of the treatment, probably
related to the known toxicity profile of carboplatin [3,15]. Grade
�3 thrombocytopenia occurred in 6% of patients treated with TCH
in the BCIRG-006 trial, and in 12% of patients treated with TCH
plus pertuzumab in the Tryphaena trial [3,9].

Asymptomatic grade 2 LVEF decrease, defined as LVEF 40%e50%
or an absolute decline of 10e19% compared to baseline, was
observed in24%of patients in the FEC-T-armand in11%of patients in
the PTC-arm. In the Tryphaena trial, 5% of patients receiving
anthracyclines and 4% of patients on an anthracycline-free regimen
experienced an LVEF-decline of �10% from baseline to <50%. LVEF
had recovered to �50% at data cut-off in all these patients. In our
study, one patient (2%) in the FEC-T-armand twopatients (4%) in the
PTC-arm experienced an LVEF-decline of �10% from baseline to
<50%. In the BCIRG-006 trial a sustained LVEF-decrease of >10% at
last follow-upevaluation (48months since randomization)was seen
in 19% in the AC-TH-group and in 9% in the TCH-group [3]. This LVEF
decline continued to exist with ten year follow-up [16]. Longer
follow-up is required to evaluate sustained cardiac toxicity in the
TRAIN-2 study. Symptomatic cardiotoxicityoccurred in2% in theAC-
TH-groupand in 0.4% in theTCH-groupof the BCIRG-006 trial, and in
3% in one of the anthracycline-containing arms of the Tryphaena
study [3,9]. A recentlypublished large retrospective studyconfirmed
the highest cumulative incidence of symptomatic cardiotoxicity in
patients treatedwith anthracyclines plus trastuzumab, but reported
a considerable higher rate (6.6%; event rate 22.1 per 1000 patient-
years) than found in clinical trials. The incidence was also substan-
tial in patients treated with trastuzumab-based chemotherapy
without anthracyclines (5.1%; event rate 17.0 per 1000 patient-
years) [17]. This discrepancy in results might be related to a
different baseline cardiovascular risk in patients in clinical trials
compared to patients in daily clinical practice. One patient in our
study, receiving PTC-pertuzumab, developed clinically manifest
heart failure subsequent to a myocardial infarction. This patient
exhibited several pre-existing cardiovascular risk factors, but was
considered eligible for study participation. Cardiac ischemia is not
associated with trastuzumab, but is occasionally described in rela-
tion to paclitaxel and platinum drugs [18]. Lastly, the addition of
pertuzumab to trastuzumab does not increase cardiotoxicity [19].

The most common non-hematological toxicity was diarrhea,
which is a known side-effect of pertuzumab [2,20e23]. Grade 3
diarrheawas more frequently seen in the PTC-arm (18%) than in the
FEC-T-arm (5%), and grade 4 diarrhea was not observed. The higher
incidence of diarrhea in the PTC-arm could be related to cumulative
gastro-intestinal toxicity of pertuzumab, a taxane and carboplatin
[9,15,24]. Similar results were found in the Tryphaena trial, which
reported grade �3 diarrhea in 4e5% of patients in the FEC-T-arms
and 12% in the TCH-arm [9]. In the Neosphere study, grade �3
diarrhea was only seen in patients receiving docetaxel, but the
incidence was substantially lower (1e2%) than seen in our study,
possibly due to the addition of carboplatin in the PTC-regimen as
mentioned before [2]. In concordance with other studies, diarrhea
occurred early during treatment and one could speculate that it
may be related to the loading dose of pertuzumab at the first cycle
[21,23,25]. However, the dose-finding studies of pertuzumab
monotherapy do not support this hypothesis, as no increase in
diarrhea incidence was seen with escalating doses [26,27]. No
prophylactic anti-diarrheal therapy was used in our study, but
loperamide treatment was advised if diarrhea occurred. Anti-
diarrheal therapy should be initiated early during therapy in
combination with adequate fluid intake according to supportive
therapy guidelines to prevent dehydration and possible subsequent
renal toxicity [28].

Neuropathy is an important and potentially irreversible, dose-
dependent side-effect of paclitaxel and carboplatin [29,30]. Grade
�2 neuropathy was reported in 29% and 33% of patients in the FEC-
T-arm and PTC-arm respectively. Remarkably, neuropathy was not
described in the Tryphaena and the primary publication of the
Neosphere trial [2,9]. In the recent update of the Neosphere trial,
sensory neuropathy grade �2 was reported in 10e15% of patients
across the four arms [31]. In the BCIRG-006 study sensory neu-
ropathy, any grade, was reported in 36% in the TCH-arm receiving
six courses and in 49% in the anthracycline-containing arms with
four cycles docetaxel [3]. Nevertheless, in the absence of prevention
and treatment modalities it is important to recognize poly-
neuropathy early and adapt treatment accordingly [29,32].

Besides neutropenia and diarrhea, rash has also been described
with the addition of pertuzumab [21,23,33]. The incidence of rash
grade �2 was seven percent in the FEC-T-arm and 13% in the PTC-
arm, with only one grade 3 and no grade 4 rash reported. This is
similar to rates observed in other pertuzumab trials, with rash (any
grade) seen in 11e37% of patients [2,33].

In conclusion, both regimens in the TRAIN-2 study are associ-
ated with expected and manageable bone marrow toxicity and are
well tolerablewith dose adjustments and G-CSF support. A regimen
consisting of nine cycles PTC plus pertuzumab has a more favorable
hematological toxicity profile than a regimen with three cycles of
FEC-T plus pertuzumab followed by six cycles of PTC plus pertu-
zumab, but is associated with more diarrhea. Clinical manifest
cardiotoxicity was very rare with both regimens. Pending the effi-
cacy results of the TRAIN-2 study, these toxicity data may help
patients and physicians when choosing between one of these
regimens.
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