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Abstract

Grade 3/4 anaemia, which is mainly induced by carboplatin, frequently occurs
in patients treated with neoadjuvant docetaxel/carboplatin/trastuzumab/per-
tuzumab (TCHP). However, dose reduction of carboplatin may raise concerns
about the oncological outcome. This study investigated the pathologic complete
response (pCR) rate, occurrence of grade 3/4 anaemia, and transfusion rate ac-
cording to carboplatin dose in patients treated with neoadjuvant TCHP. We ret-
rospectively analysed 294 patients treated with neoadjuvant TCHP between April
2015 and December 2020. Case matching was performed using propensity score
matching. Among patients treated with neoadjuvant TCHP, carboplatin area
under the plasma concentration-time curve 6 (AUC6) was used in 234 patients
(79.6%) and upfront carboplatin AUC5 was used in 60 patients (20.4%). No sig-
nificant difference in pCR rate was found between the two groups (AUCG6: 70.9%,
AUCS5: 80.0%). In both oestrogen receptor-positive (ER+) and ER- patients, no
significant differences were observed between the AUC6 and AUCS5 groups
(ER+: 54.3% vs. 50.0%, ER-: 81.7% vs. 86.0%). The case-matched cohort showed
consistent findings. The AUCS5 group had lower frequencies of grade 3/4 anaemia
(18.3% vs. 34.2%) and transfusion events (10.0% vs. 21.8%) than the AUC6 group.
Compared with AUCS5, carboplatin at AUC6 would associate with a 2.7-fold in-
creased risk of grade 3 or 4 chemotherapy-induced anaemia. Carboplatin AUCS5
has comparable cytotoxic effects to carboplatin AUC6 in patients with HER2+
breast cancer treated with six cycles of neoadjuvant TCHP, with fewer compli-
cations associated with clinically meaningful anaemia. AUC5 may be the opti-
mal carboplatin dose to reduce TCHP-induced anaemia in patients with HER2+
breast cancer treated with TCHP.
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NOVELTY & IMPACT STATEMENT

Carboplatin AUCS5 can provide a comparable cytotoxic ef-
fect to carboplatin AUCG6 in terms of pathologic complete
response in patients with HER2+ breast cancer receiving
neoadjuvant docetaxel/carboplatin/trastuzumab/pertu-
zumab (TCHP), with fewer complications associated with
grade 3/4 anaemia. We suggest that AUC5 can be con-
sidered the optimal dose of carboplatin for patients with
HER2+ breast cancer treated with TCHP.

1 | BACKGROUND

Human epidermal growth factor receptor 2 (HER2)-
positive breast cancer accounts for approximately
15-20% of all breast cancers.' Since the approval of tras-
tuzumab, a HER2-targeted monoclonal antibody, in the
United States in 1998, many HER2-targeted treatments
have been developed. HER2-targeted therapy has greatly
contributed to the improvement of the survival rate of
patients with breast cancer.” In the neoadjuvant set-
ting, the use of a trastuzumab-based regimen for HER2+
breast cancer has resulted in a high pathologic complete
response (pCR) rate, which indicates a good patient
prognosis.3"5 Furthermore, pertuzumab, a new class of
drug that inhibits HER dimerisation, has been incorpo-
rated into neoadjuvant treatments.>’ Thereafter, a dual
HER2 blockade regimen consisting of docetaxel/carbo-
platin/trastuzumab/pertuzumab (TCHP) achieved high
PCR rates of 55.7-66.2%.%° On the basis of these results,
a regimen consisting of six cycles of TCHP has been the
most preferred neoadjuvant treatment for HER2+ breast
cancer with tumour size >2 cm or with lymph node
metastasis."

However, the TCHP regimen includes two cytotoxic
drugs (docetaxel and carboplatin) with many known
adverse effects. Particularly, carboplatin causes haema-
tological adverse events such as anaemia and thrombo-
cytopenia.'"'? Thus, in patients receiving neoadjuvant
TCHP, anaemia and thrombocytopenia are adverse effects
of special interest. Notably, in previous studies, grade
3/4 anaemia developed in >10% of patients treated with
TCHP (10-17.1%).%°'*15 Furthermore, recent real-world
data showed that approximately 20% of patients treated
with neoadjuvant TCHP needed blood transfusion.'> As
anaemia and anaemia-related adverse events can delay
chemotherapy or surgery, which may affect the treatment
results,'®!” a proactive approach against carboplatin-
induced anaemia is clinically important in patients receiv-
ing TCHP. Nevertheless, none of the guidelines provide
special considerations with respect to preventing or man-
aging anaemia associated with the TCHP regimen.'®"

Conversely, dose reduction of carboplatin may raise con-
cerns about the oncological outcome of the treatment.

In this study, we compared the pCR rates according to
carboplatin dose in patients with HER2+ breast cancer
treated with neoadjuvant TCHP. Moreover, we investi-
gated the occurrence of grade 3/4 anaemia and the blood
transfusion rate according to the carboplatin dose and
identified risk factors for grade 3/4 anaemia.

2 | METHODS

2.1 | Patients

We retrospectively collected the data of patients with non-
metastatic, HER2+ breast cancer treated with neoadju-
vant TCHP at Gangnam and Sinchon Severance Hospital
between 1 April 2015 and 31 December 2020. All patients
had histologically confirmed HER2+ invasive breast car-
cinoma and underwent curative surgery after neoadjuvant
TCHP treatment. Information about clinical and patholog-
ical characteristics, including body mass index, were col-
lected through a review of electronic medical records. The
HER?2 status was defined based on immunohistochemi-
cal analysis. Patients with a score of 3+ were considered
HER2+, and those with a score of O or 1 were considered
HER2-.%" In patients with a score of 2+, tumour tissues
were subjected to fluorescence in situ hybridisation assay
using the PathVysion kit (Vysis, Downers Grove, IL, USA)
or INFORM HER2 (Ventana, Tucson, AZ, USA), accord-
ing to the manufacturer's instructions. The clinical stages
were determined according to the seventh edition of the
American Joint Committee on Cancer guidelines.*'

The study protocol was approved by the institutional re-
view board of Gangnam and Sinchon Severance Hospital,
Yonsei University, Seoul, Republic of Korea. Owing to the
retrospective study design, the need for informed consent
was waived by the institutional review board.

2.2 | TCHP treatment and
carboplatin dose

Drugs were intravenously administered on two consecu-
tive days (trastuzumab followed by pertuzumab on day
1 and carboplatin followed by docetaxel on day 2) every
3weeks for six cycles. Trastuzumab was administered at
8 mg/kg on cycle 1 and at 6 mg/kg thereafter. Pertuzumab
was administered at 840mg on cycle 1 and at 420mg
thereafter. Carboplatin was initially administered at a
dose of area under the plasma concentration-time curve
5 or 6 (AUCS5 or AUC6), and docetaxel was administered
at 75mg/m? Carboplatin dose was calculated using the
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Calvert formula.”* The maximum dose was based on an
estimated glomerular filtration rate capped at 125 ml/min
for patients with normal renal function.> The maximum
doses were calculated as follows:

Maximum carboplatin dose (mg) = target AUC (mg/
mL/min)x (125 ml/min +25).

For a target AUC of 6, the maximum dose was
6% 150 = 900 mg.

For a target AUC of 5, the maximum dose was
5%150 = 750 mg.

The carboplatin dose was determined by the physician
considering the patient's general characteristics, such as
age and underlying diseases.

2.3 | Assessment of
outcomes and anaemia

We compared the pCR rates according to the carboplatin
dose. pCR was defined as the absence of invasive tumour
cells in both the breast and axillary lymph nodes (ypT0/
Tis, ypNO) based on the pathological evaluation of sur-
gical specimens. Serial haemoglobin (Hb) and platelet
(Plt) levels were investigated by measuring the Hb levels
at baseline, before each chemotherapy cycle, and after
chemotherapy completion. The grade of anaemia was as-
sessed in accordance with the National Cancer Institute
Common Terminology Criteria for Adverse Events ver-
sion 4. Transfusions of packed red blood cells during the
neoadjuvant treatment was investigated.

2.4 | Statistical analysis

Continuous variables were compared using Student's
t-test. Categorical variables were compared using the
x* or Fisher's exact tests. To compare serial Hb levels
as a continuous variable according to carboplatin dose,
a two-way analysis of variance test was applied. To re-
duce selection bias between the two groups according to
carboplatin dose, we performed a 1:2 propensity score
matching (PSM) analysis. The matching covariates
were age and oestrogen receptor (ER) status. Nearest-
neighbour matching without replacement was used
to perform matching, and the calliper was set to 0.25.
The PSM procedure was performed using the Matchlt
R package.

To identify predictive factors of grade 3/4 anaemia
and transfusion events, multivariable binary logis-
tic regression analysis was performed. The stepwise-
backward Wald method was used to obtain the final
model. Odds ratios and 95% confidence intervals with
two-sided p-values were calculated. All statistical
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analyses were performed using R software (https://
www.r-proget.org; version 4.1.1) and SPSS (version 25.0;
SPSS Inc., Chicago, IL, USA). Statistical significance was
set at p <0.05.

3 | RESULTS

3.1 | Patient demographics

The schematic diagram of our study is provided in
Figure S1. All patients completed six cycles of neoadju-
vant TCHP except for three patients (one patient received
five cycles of TCHP before surgery and other the two pa-
tients received three cycles of TCHP). Among a total of
294 patients treated with neoadjuvant TCHP, carboplatin
AUC6 was used in 234 patients (79.6%, 234 of 294) and
upfront carboplatin AUCS5 was used in 60 patients (20.4%,
60 of 294). We compared the clinical and pathological fea-
tures according to the carboplatin dose (Table 1). The me-
dian age in the AUCS5 group was higher than that in the
AUCS6 group (56.5 vs. 49years, p = 0.001). Furthermore,
the AUCS5 group had a higher proportion of ER- patients
than the AUC6 group (83.3% vs. 60.7%, p = 0.001; Table 1).
To minimise the baseline confounders between the two
groups, 1:2 PSM was performed. After the PSM procedure,
the baseline characteristics of 168 patients (112 patients in
the AUC6 group and 56 patients in the AUCS5 group) were
well balanced (Table 1).

3.2 | pCR rate according to
carboplatin dose

In the whole cohort, the pCR rate was 72.8%. The pCR
rate did not differ according to carboplatin dose. pCR was
achieved in 70.9% (166 of 234) of patients in the AUC6
group and in 80.0% (48 of 60) of patients in the AUC5
group (p = 0.159; Figure 1A). No difference in pCR rates
according to carboplatin dose was found in both the
ER+HER2+ and ER-HER2+ subgroups (Figure 1A).
In patients with ER+ HER2+ disease, the pCR rate was
54.3% (50 of 92) in the AUC6 group and 50% (5 of 10) in
the AUCS group. In those with ER-HER2+ disease, the
PCR rates were 81.7% (116 of 142) and 86.0% (43 of 50)
in the AUC6 and AUCS groups, respectively (Figure 1A).

Consistent findings were obtained in the PSM co-
hort, which had a pCR rate of 77.4%. The pCR rate did
not significantly differ according to the carboplatin dose
(76.8% in the AUCS6 group and 78.6% in the AUC5 group;
Figure 1B). Additionally, no differences in pCR rates
were found according to carboplatin dose in both the
ER + HER2+ and ER-HER2+ subgroups (Figure 1B).
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TABLE 1 Baseline characteristics according to carboplatin dose
Whole cohort Matched cohort
AUC6 AUC5 Total AUC6 AUC5 Total
Variables (n =234) (n = 60) (N = 294) p-value (n=112) (n=>56) (n =168) p-value
Age, years (median, range) 49 (27-75)  56.5 50 (27-75)  0.001 54 (31-72) 54(31-72) 54(31-72)  0.572
(31-69)
cT stage 0.381% 0.121*
1 12 (5.1%) 5(8.3%) 17 (5.8%) 5(4.5%) 5(8.9%) 10 (6.0%)
2 153 (65.4%) 42(70.0%) 195 (66.3%) 70 (62.5%) 40(71.4%) 110 (65.5%)
3 69 (29.5%) 13(21.7%)  82(27.9%) 37(33.0%) 11(19.6%) 48(28.6%)
cN stage 0.533% 0.102%
0 47 (20.1%) 13 (21.7%) 60 (20.4%) 19(17.0%) 12(21.4%) 31 (18.5%)
1 122 (52.1%)  33(55.0%) 155(52.7%) 55(49.1%) 30(53.6%) 85(50.5%)
2 59 (25.2%) 11(18.3%)  70(23.8%) 37(33.0%) 11(19.6%) 48(28.6%)
3 6 (2.6%) 3 (5.0%) 9(3.1%) 1(0.9%) 3(5.4%) 4 (2.4%)
Oestrogen receptor status 0.001 0.77
Negative 142 (60.7%) 50(83.3%) 192 (65.3%) 94 (83.9%) 46(82.1%) 141 (83.3%)
Positive 92(39.3%)  10(16.7%) 102 (34.7%) 18(16.1%) 10(17.9%) 28 (16.7%)
BMI, kg/m? 0.765 0.804
<25 176 (75.2%) 44 (73.3%) 220 (74.8%) 82(73.2%)  42(75.0%) 124 (73.8%)
>25 58 (24.8%) 16 (26.7%) 74 (25.2%) 30(26.8%) 14 (25.0%) 44 (26.2%)
Note: Abbreviations: AUC, area under the plasma concentration-time curve; BMI, body mass index.
aFisher's exact test.
(A) (B)
100 - 86 100 -
_ o0l oo M ~ 80 768788 i
% 60 54.3 50 g 60 - 50 50
n"’;. 40 § 40
20+ 20 4
0- 0-
All patients ER-HER2+ ER+HER2+ All patients ER-HER2+ ER+HER2+
(N=294) (n=192) (n=102) (n=168) (n=140) (n=28)

BAUC6 BAUCS

BAUC6 BAUCS

FIGURE 1 Pathological complete response (pCR) rates according to carboplatin dose. (A) pCR rates according to carboplatin dose in

the whole cohort (N = 294). pCR status according to carboplatin dose was compared using Fisher's exact tests in all patients, in a subset of
patients with ER-HER2+ disease, and in a subset of patients with ER+ HER2+ disease (p = 0.159, p = 0.487, and p = 0.793, respectively).
(B) pCR rates according to carboplatin dose in the matched cohort (n = 168). pCR status according to carboplatin dose was compared
using Fisher's exact tests in all patients, in the ER-HER2+ subgroup, and in the ER + HER2+ subgroup (p = 0.794, p = 0.672, and p > 0.999,

respectively).

3.3 | Grade 3/4 anaemia, transfusion, and
risk factors

We investigated the occurrence of grade 3/4 anaemia and
the transfusion rates. The nadir grade of anaemia dur-
ing the treatment was evaluated. All patients developed
at least grade 1 anaemia during TCHP treatment. Grade
3/4 anaemia was observed in 31.0% (91 of 294) of patients.

It was more frequently observed in patients treated with
carboplatin AUC6 in both the whole and case-matched
cohorts (p = 0.018 and p = 0.009, respectively; Figure 2).
Approximately 35% of patients in the AUC6 group de-
veloped grade 3/4 anaemia, whereas <20% of patients in
the AUCS5 group had grade 3/4 anaemia. Using two-way
analysis of variance tests, we compared Hb levels serially
measured during the neoadjuvant treatment according to
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carboplatin dose. These analyses indicated that carbopl-
atin dose was a significant factor for a steeper decline in
the serial Hb levels observed in the AUC6 group (Figure 3).
The results were similar between the two cohorts.
Additionally, when we compared the serial Plt counts be-
tween two groups, the level of PIt decreased sharply in the
AUCS6 than in the AUCS5 in the whole patients (p = 0.010;
Figure S2). However, it was not significant in the matched
cohort despite a trend (p = 0.283).

Of the total patients, 57 (19.4%) received red blood cell
transfusion during preoperative TCHP treatment. The

AUCE6 (n=234) AUC5 (n=60)

‘ o ‘

EAnemia G1/2 ®Anemia G3/4

mAnemia G1/2 ®Anemia G3/4

AUC6 (n=112) AUC5 (n=56)

‘ - ‘

EAnemia G1/2 B Anemia G3/4

EAnemia G1/2 ®Anemia G3/4

FIGURE 2 Distribution of anaemia grade according to
carboplatin dose. The proportions of grade 3/4 anaemia according
to carboplatin dose were compared using Fisher's exact tests in
the (A) whole cohort (N = 294) and (B) matched cohort (n = 168)
(p =0.018 and p = 0.039, respectively).

(A) 144-
0<0.001
12-
5 —— AUC5
) -= AUC6
Kol
X
10-
& & N4 & & & «+
& & & & & &
Y o S & o°

transfusion rate was higher in the AUC6 group (21.8%)
than in the AUC5 group (10.0%) in the whole cohort
(p = 0.039; Figure 4). Similarly, the transfusion rate tended
to be higher in the AUC6 group (23.2%) than in the AUC5
group (10.7%) in the case-matched cohort (p = 0.052;
Figure 4).

In addition, we investigated other risk factors asso-
ciated with grade 3/4 anaemia, including carboplatin
dose (Table 2). In univariable analyses, low baseline Hb
level (<12g/dl), a rapid drop in Hb level of >2 g/dl (Hb

(A) AUC6 (n=234) AUCS5 (n=60)

p=0.039 ‘

mNo transfusion B Transfusion mNo transfusion mTransfusion

(B) AUCE (n=112) AUCS5 (n=56)

p=0.052 ‘

@ No transfusion mTransfusion

ENo transfusion B Transfusion

FIGURE 4 Red blood cell (RBC) transfusion rates according
to carboplatin dose. The rates of RBC transfusion according to
carboplatin dose were compared using Fisher's exact tests in the
(A) whole cohort (N = 294) and (B) matched cohort (n = 168)

(p = 0.039 and p = 0.052, respectively).

(B) 14
p<0.001
12
5 - AUCS5
o)) -= AUC6
b
10+
: ] 1 ] | L] L) 1
@ & N & & & «“'
& & & & & & o
X )
O R O S & <°

FIGURE 3 Serial haemoglobin (Hb) levels during neoadjuvant docetaxel/carboplatin/trastuzumab/pertuzumab treatment according
to carboplatin dose. Serial Hb levels according to carboplatin dose were compared using two-way analysis of variance tests in the (A) whole
cohort (N = 294) and (B) matched cohort (n = 168) (p <0.001 and p < 0.001, respectively).
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TABLE 2 Univariable and multivariable binary logistic regression analyses to identify risk factors for grade 3/4 anaemia
Whole cohort Matched cohort
Univariable Multivariable Univariable Multivariable
Odds ratio Odds ratio Odds ratio Odds ratio
Variables (95% CI) p-value (95% CI) p-value (95% CI) p-value (95% CI) p-value
Baseline Hb, g/dl 0.034 0.013 0.071 0.031
>12 Ref. Ref. Ref. Ref.
<12 2.19 (1.06-4.53) 2.67(1.23-5.76) 2.49 (0.93-6.69) 3.24(1.11-9.46)
Hb change?, g/dl <0.001 <0.001 <0.001 <0.001
<2 Ref. Ref. Ref. Ref.
>2 3.27(1.95-5.47) 3.45(2.02-5.87) 3.67 (1.84-7.32) 4.05 (1.95-8.39)
AUC 0.02 0.053 0.011 0.019
5 Ref. Ref. Ref. Ref.
6 2.31(1.14-4.70) 2.06 (0.99-4.29) 2.76 (1.26-6.04) 2.68 (1.18-6.10)
BMI, kg/m? 0.75 0.6
<25 Ref. Ref.
>25 1.10(0.62-1.93) 1.22(0.59-2.53)

Note: Abbreviations: AUC, area under the plasma concentration-time curve; BMI, body mass index; CI, confidence interval; Hb, haemoglobin; Ref., reference.

aRapid drop in haemoglobin level after the first cycle.

drop >2 g/dl after the first cycle), and carboplatin dose
were significantly associated with grade 3/4 anaemia.
Multivariable analysis revealed baseline Hb <12g/dl and
a rapid drop in Hb level as independent variables associ-
ated with grade 3/4 anaemia (Table 2). In this analysis,
carboplatin dose was a marginally significant factor (odds
ratio, 2.06; 95% confidence interval, 0.99-4.29; p = 0.053).
However, in the case-matched cohort, carboplatin dose
was significantly associated with grade 3/4 anaemia (odds
ratio, 2.68; 95% confidence interval, 1.18-6.10; p = 0.019),
in addition to low baseline Hb level and a rapid drop in
Hb level after the first cycle. Within the carboplatin AUC5
group (n = 60), low baseline Hb level was significantly as-
sociated with grade 3/4 anaemia in univariable analysis
(Table S1). Owing to the small number of patients, mul-
tivariable analysis was not performed within this group.
When we compared the baseline Hb levels according to
the carboplatin dose, no statistically significant differ-
ences were observed between the two groups in both co-
horts (Table S2).

4 | DISCUSSION

In this study, carboplatin AUCS5 did not decrease the pCR
rate in patients with HER2+ breast cancer who received
neoadjuvant TCHP, eliminating the concerns about
poorer oncological outcome, in terms of pCR, related to
carboplatin dose reduction. Moreover, carboplatin AUC5
had an advantage over carboplatin AUC6 in reducing

grade 3/4 anaemia, suggesting that the use of a reduced
dose enables avoiding transfusion requirements and treat-
ment delays. Lastly, we found that baseline anaemia and a
rapid drop in the Hb level are risk factors for severe anae-
mia during treatment.

A previous study of 124 patients showed that carbo-
platin dose capping resulted in inferior pCR rates in the
ER +HER2+ subgroup, suggesting that a suboptimal dose
of carboplatin potentially hampers the achievement of
the expected oncological outcome in patients treated with
TCHP.* Conversely, our data showed that TCHP with car-
boplatin AUCS5 offered non-inferior pCR rates to carbo-
platin AUCG6 in approximately 300 patients. Our findings
suggest that carboplatin AUC5 can provide an equiva-
lent cytotoxic effect to carboplatin AUC6 in patients with
HER2+ breast cancer receiving six cycles of neoadjuvant
treatment consisting of TCHP, with fewer complications
associated with clinically significant anaemia.

In the earlier era of carboplatin use, platinum com-
pounds, including carboplatin, have been consistently
associated with clinically significant anaemia, resulting
in the need for transfusion in 20-40% of patients.”> >’ The
mechanisms of platinum-induced anaemia involve di-
rect suppression of erythroid progenitor cells within the
bone marrow and nephrotoxic effects on erythropoietin-
producing cells within the kidney.®*° In addition,
the myelotoxic impact of platinum salts manifests in a
dose-dependent manner, indicating that severe anaemia
increases in proportion to increasing dose, increasing
number of cycles, and decreasing time interval between
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treatment cycles.”! Our findings are consistent with pre-
vious data showing that grade 3/4 anaemia was more
frequent and the transfusion rate tended to be higher in
patients treated with carboplatin AUC6 than in those
treated with carboplatin AUCS.

Factors such as baseline Hb level, body mass index,
body surface area, advanced age, glomerular filtration
rate, chemotherapy regimen, and female sex are gener-
ally considered important predictors of chemotherapy-
induced anaemia.’** In addition, earlier studies
suggested low baseline Hb level, early decrease in Hb
level after treatment, cumulative platinum dose, ad-
vanced age, lack of chemotherapeutic response, and
high residual platinum levels after administration as
risk factors for platinum-associated anaemia.*"** In this
study, we identified baseline anaemia (Hb level <12g/
dl), early drop in Hb level (a drop of >2 g/dl after the
first cycle), and carboplatin dose (AUC6) as risk factors
for grade 3/4 anaemia.

To prevent chemotherapy-induced anaemia, iron sup-
plementation combined with erythropoiesis-stimulating
agents has been proposed.”>™’ Another study demon-
strated that intravenous iron supplementation improved
the Hb levels without erythropoiesis-stimulating agents
in patients undergoing cancer treatment.*® However, de-
finitive guidelines for the use of iron therapy to reduce
chemotherapy-related anaemia are lacking. A paucity of
data exists with respect to optimal iron supplementation
strategies, long-term safety, and impact of iron supple-
ments on tumour growth. Our findings suggest that the
occurrence of chemotherapy-induced anaemia in patients
receiving TCHP can be reduced by applying upfront dose
reduction to carboplatin AUCS5. As grade 3/4 anaemia
developed in patients with baseline anaemia despite
treatment with carboplatin AUCS5, active iron supplemen-
tation should be considered in patients with risk factors.
However, further evidence and prospective studies are re-
quired to confirm the usefulness of iron supplementation
in patients with risk factors for chemotherapy-induced
anaemia.

The retrospective study design is the major limitation
of this study. In addition, we briefly investigated throm-
bocytopenia in relation to carboplatin-dose because we
primarily aimed to evaluate an effect of carboplatin dose
on Hb level. Lastly, we compared the oncological out-
come only based on the pCR rates. Since our cohort has
a short follow-up duration (median 23 months, range
5-72), survival analyses can further confirm the non-
inferiority of TCHP with carboplatin AUC5 compared to
TCHP with carboplatin AUCG6 especially in the patients
with non-pCR.

In conclusion, carboplatin AUCS5 can provide a com-
parable cytotoxic effect to carboplatin AUC6 in patients
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with HER2+ breast cancer receiving six cycles of neoad-
juvant TCHP, with fewer complications associated with
clinically meaningful anaemia. Baseline Hb levels <12g/
dl or a rapid Hb drop after the first cycle are risk factors for
TCHP-induced anaemia. Future studies should develop
preventive strategies against TCHP-induced anaemia for
patients with these risk factors.
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