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Abstract

Purpose: We report the 5-year follow-up findings of a randomized, open-label, phase Il trial of lobaplatin-
based neoadjuvant chemotherapy plus adjuvant therapy for triple-negative breast cancer (TNBC).
Patients and methods: This study included patients aged =18years with untreated, operable
stage I-IIl TNBC and an Eastern Cooperative Oncology Group performance status of 0 or 1.
One group of patients (TE group, n=99) received four cycles of docetaxel (T, 75mg/m?) plus
epirubicin (E, 80 mg/m?) every 3weeks, and another group (TEL group, n=101) received the
same treatment with the addition of lobaplatin (L, 30 mg/m2). Two cycles of the corresponding
treatments were administered after surgery in both groups. The primary endpoints were
total pathological complete response (tpCR) rate and overall response rate (ORR), and the
secondary endpoints were disease-free survival, overall survival, and long-term safety. This
trial is registered with the Chinese Clinical Trial Registry (ChiCTR-TRC-14005019).

Results: The median follow-up was 48.2months (interquartile range: 31.1-60.0). The tpCR
rate was 41.4% and 17.8% in the TEL group and TE group, respectively (p <0.001). The HR

for comparison of DFS between the TEL group and TE group was 0.44 (95% Cl: 0.21-0.90, P
p=0.028). The addition of lobaplatin resulted in an HR of 0.44 (95% CI: 0.18-1.02, P=0.061) for
the difference in OS between the two groups. The ORR, which included complete response
and partial response, was 92.9% in the TEL group and 74.3% in the TE group (p=0.001). The
TEL group patients were more likely to develop grade IlI-IV anemia and thrombocytopenia. No
lobaplatin-related deaths or increased risk of long-term toxicity was observed.

Conclusion: Neoadjuvant lobaplatin therapy can improve the tpCR and ORR rates of TNBC with
tolerable side effects and have a tendency to improve the long-term survival.
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Introduction

Triple-negative breast cancer (TNBC) is an
aggressive subtype of breast cancer that accounts
for 12%-17% of all breast cancers, and lacks the
estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor recep-
tor 2 (HER2).12 Due to a lack of targeted

therapies for its treatment, TNBC has a greater
metastatic potential, a higher relapse rate, poorer
clinical outcomes, and lower survival rates than
other subtypes of breast cancer. In patients who
receive systemic treatments and develop meta-
static disease, the median overall survival (OS) is
only 13—18 months.>
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Neoadjuvant chemotherapy with anthracycline
and/or taxane is the standard treatment for early
stage or locally advanced TNBC. Approximately
one-third of patients with stage II to III TNBC
treated with neoadjuvant chemotherapy achieve
total pathologic complete response (tpCR).
Achieving tpCR (defined as no invasive cancer in
the breast and axilla, ypT0/is ypNO) at the time of
surgery is associated with improved survival in
TNBC.4% Platinum-based neoadjuvant chemo-
therapy combined with docetaxel (T) and epiru-
bicin (E) is currently being evaluated for the
treatment of TNBC, and some randomized clini-
cal trials have confirmed that platinum-based
neoadjuvant chemotherapy significantly increases
the pCR rates in TNBC.7-11

Lobaplatin (1,2-diammino-methyl-cyclobutane-
platinum (II)-lactate) is a third-generation platinum
drug that shows robust antitumor activity with lower
toxicity than that of other platinum-based com-
pounds (such as cisplatin and carboplatin) and has
been approved in China for the treatment of several
malignancies.!2-16 The mechanism of action of loba-
platin is similar to that of other platinum-based com-
pounds and involves the formation of DNA adducts
and cell apoptosis.!” In a phase II study on relapsed
ovarian cancer, lobaplatin chemotherapy showed
promising clinical activity,!® and in another phase II
study on recurrent and metastatic nasopharyngeal
carcinoma, lobaplatin-based and docetaxel-based
chemotherapy demonstrated acceptable efficacy and
safety.!® Despite these promising findings, there is
limited evidence regarding the efficacy and safety of
neoadjuvant chemotherapy with concomitant lobap-
latin use in standard chemotherapy for TNBC.
Therefore, this clinical trial was conducted to assess
the efficacy and safety of neoadjuvant chemotherapy
with lobaplatin in untreated and operable TNBC
patients. We have previously published early evi-
dence that the addition of neoadjuvant chemother-
apy with lobaplatin to the TE regimen for TNBC
significantly improved the tpCR and overall response
rate (ORR) rates with tolerable side effects.2? In this
study, we present an updated analysis with the 5-year
follow-up findings of this clinical trial, including
long-term survival and toxicity.

Materials and methods

Study design and participants

This study was a prospective open-label rand-
omized clinical trial conducted at the First
Affiliated Hospital of the Third Military Medical

University (Army Medical University). The pre-
sented data pertain to the updated results from
the ongoing trial. The interim analysis from this
study has been summarized in a previous report.20
Based on the selection criteria, the trial included
female patients aged 18—70 years with newly diag-
nosed or previously untreated, operable, clinical
stage I to III TNBC. The other inclusion criteria
were Eastern Cooperative Oncology Group per-
formance status O or 1; normal hepatic, renal, and
cardiac function; and normal blood counts. In all
the included cases, the triple-negative status was
histologically confirmed based on <10% ER and
PR expression, determined by local immunohis-
tochemical (IHC) analysis, and absence of HER2
(IHC score 0 to 1+, or IHC score 2+ with no
amplification according to the results of i situ
hybridization).222 The key exclusion criteria
were the presence of distant metastases, previous
neoadjuvant chemotherapy, clinically significant
cardiac disease, presence of peripheral neuropa-
thy, current pregnancy and child-bearing poten-
tial, any other physical or psychological condition
that could affect the patient’s conduct in the
study, and participation in any other clinical trial.

Randomization and blinding

Eligible patients were randomly assigned to
receive docetaxel and epirubicin (TE) with or
without additional lobaplatin (L) treatment at a
1:1 ratio. The randomization sequence was gen-
erated using Research Randomizer (www.rand-
omizer.org). This study’s statistical team was
blinded to the treatment assignments; however,
both patients and investigators were aware of the
treatment assignment (open label).

Procedures

All patients recruited in this study underwent
baseline measurements, including physical exam-
ination, laboratory tests (complete blood count
and serum chemistry), and imaging studies (e.g.
mammogram, breast ultrasound and magnetic
resonance imaging, computed tomography,
abdominal ultrasound, and bone scans) to exclude
metastatic disease. Clinically positive axillae were
confirmed by biopsy.

The lobaplatin group received four cycles of doc-
etaxel, epirubicin, and lobaplatin before surgery
(TEL group: docetaxel 75mg/m? as a 1-h intrave-
nous infusion on the first day of every 3-week cycle
with concurrent epirubicin at a dose of 80 mg/m?
and lobaplatin at a dose of 30 mg/m?). The control
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group (TE group) received the same regimen, with
the exception of lobaplatin. The patients received
two cycles of the same treatments after surgery,
unless disease recurrence or intolerable adverse
events occurred, or they withdrew their consent.
No crossover was permitted in the study. Drug
compliance was monitored during the trial.
Toxicities were graded according to the National
Cancer Institute Common Terminology Criteria
for Adverse Events (version 4.0).

Outcomes

The primary endpoints were tpCR rate and ORR.
ORR was defined as the proportion of patients
who achieved CR or partial response (PR).
Tumor assessment was evaluated using Response
Evaluation Criteria in Solid Tumors criteria ver-
sion 1.1 for the objective response rate. Tumor
assessment by ultrasound imaging was performed
after the four treatment cycles and before surgery.
The secondary endpoints were disease-free sur-
vival (DFS), OS, and long-term safety. DFS was
defined as the period from randomization to the
first radiographic record of disease progression.
OS was defined as the time from randomization
to death, and a final analysis will be performed
after 5years of survival data have been collected.
In the current analysis, the measurement of long-
term safety is focused on adverse events and seri-
ous adverse events, which were recorded and
graded according to the standard criteria.

Statistical analysis

The planned sample size of TNBC patients was
200 in this study. According to the results of the
GeparSixto trial reported at the annual meeting
of the American Society of Clinical Oncology in
2013, the tpCR associated with paclitaxel and
adriamycin treatment was 37.9% and the tpCR
associated with paclitaxel, adriamycin, and carbo-
platin treatment was 58.7%. We used these
results to estimate the sample size for our study,
as the design of the GeparSixto trial was similar to
that of our trial at that time. With the significance
threshold (o) set at 0.05 and the statistical power
(1—-) set at 0.8, it was estimated that each group
would require 90 participants to achieve statisti-
cally significant inter-group  differences.
Furthermore, 10% of the patients were expected
to withdraw during the study period. Hence, ulti-
mately, the sample size of each group was deter-
mined to be 100, based on which it was decided
that a total of 200 participants would be recruited.

The OS analyses were based on the intention-to-
treat method, so the present study is prone to
achieve negative result. DFS and OS were com-
pared between the two groups with a log-rank
test. The Kaplan—Meier method was used to esti-
mate the hazard ratios (HRs) and 95% confiden-
tial intervals (CIs) were estimated by a Cox
proportional hazards model. Safety analyses were
based on the treatment that was received.
Statistical analyses were performed with the IBM
SPSS Statistics software, version 26.

Results

Patient characteristics

Between 2 January 2014 and 19 August 2019, a
total of 200 eligible women from the First
Affiliated Hospital of Third Military Medical
University (Army Medical University),
Chongging, China, were enrolled in this study
and randomly assigned to the TE group (z=101)
or the TEL group (n=99; Figure 1). Three
patients discontinued treatment due to progres-
sive disease (PD); two patients refused treatment;
and one patient discontinued treatment due to
drug toxicity. A total of 194 patients completed
all the treatment cycles. Table 1 lists the baseline
characteristics of the two groups (the data are
similar to the previously published results).20

Treatment response

The tpCR rate of the patients who received the
TEL regimen was 41.4% (41/99), while it was
lower at 17.8% (18/101) in patients who received
the TE regimen [relative risk (RR)=1.93; 95%
CI: 1.28-2.91; p<0.001; Figure 2). As summa-
rized in Supplemental Table S1, in the TEL
group, 44 patients achieved CR, 48 achieved PR,
and 7 developed stable disease (SD), and there
were no cases of PD. The ORR, which included
CR and PR, of the TEL group was 92.9% (92/99).
In the TE group, 31 patients achieved CR, 44
patients achieved PR, 23 patients developed SD,
and 3 patients experienced PD. The ORR of the
TE group was 74.3% (75/101). The ORR of the
TEL group was significantly higher than that of
the TE group (Supplemental Figure S1;
RR=1.75, 95% CI: 1.37-2.24, p=0.001).

Survival
In this updated analysis, the median duration of
the follow-up period was 48.2months
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200 women enrolled and randomly assigned

!

101 assigned to TE group
(4TE+surgery+2TE)
101 initiated treatment

3 stopped for PD
2 refused treatment

-

101 patients included in ITT analysis
96 patients included in safety analysis

ITT

]

99 assigned to TEL group
(4TEL+surgery+2TEL)
99 initiated treatment

1 stopped for toxicity

A 4

99 patients included in ITT analysis
99 patients included in safety analysis

Figure 1. Selection process of the trial participants.

CONSORT flow chart showing enrollment of 200 participants, including 99 participants in the intervention group and 101 in
the usual treatment group, who completed the study and were included in the outcome analyses.

(interquartile range: 31.1-60.0). At the end of the
study, 10 (10.1%) patients in the TEL group and
20 (19.8%) patients in the TE group had invasive
DEFS events. The HR for comparison of DFS
between the TEL group and TE group was 0.44
95% CI: 0.21-0.90, p=0.028) (Figure 3(a)).
Subgroup analysis adjusted for the stratification
factors showed similar results (Figure 4(a)).

A total of 21 patients died and all the deaths were
disease related. A total of seven deaths occurred in
the TEL group compared to 14 deaths in the TE
group. The addition of lobaplatin resulted in an HR
0f 0.44 (95% CI: 0.18-1.02, p=0.061) (Figure 3(b))
for the difference in OS between the two groups.
Subgroup analysis of OS adjusted for the stratifica-
tion factors revealed similar results (Figure 4(b)).

Toxicity

All the patients included in this clinical trial
underwent blood tests before and after each
chemotherapy cycle or as required for long-term
toxicity assessment. The most common hemato-
logical adverse events in the TE group were ane-
mia (84/96, 87.5%) and leukopenia (66/96,
68.8%), which were also the most common
adverse events in the TEL group (anemia: 91/99,
91.9%; leukopenia: 83/99, 83.8%) (Table 2).
Serious hematological toxicities were defined as
any unexpected grade III-IV toxicity. Compared
with the TE group, patients in the TEL group
were more likely to develop grade III-IV anemia

(52.5.0% wversus 12.5%, p<<0.001) and thrombo-
cytopenia (35.4% versus 3.1%, p<<0.001) (Table 2).
Grade III-IV treatment-related non-hematologic
toxicities included vomiting (6/98 and 2/96 in the
TEL and TE groups, respectively) and diarrhea
(5/98 and 3/96 in the TEL and TE groups,
respectively). There were two cases of subcutane-
ous hemorrhage and two cases of phlebitis in the
TEL group (Supplemental Table S2). No sub-
stantial toxicity was observed in the livers, kid-
neys, Oor neurons.

Discussion

Neoadjuvant chemotherapy is a standard care
modality for locally advanced and operable
TNBC. A major advantage of this approach is the
ability to pre-emptively predict survival according
to the presence or absence of tpCR at the time of
surgery and to tailor adjuvant therapy accord-
ingly. In this clinical trial, the regimen was admin-
istered in part before and in part after surgery,
according to clinical practice guidelines for breast
cancer by the Chinese Anti-Cancer Association,
version 2011. It should be noted that these guide-
lines differ from the current global standards of
care. With the regimen used in this trial, clinical
response to neoadjuvant chemotherapy can be
assessed; however, some patients who could have
achieved tpCR may not have achieved it as the
number of cycles of neoadjuvant chemotherapy
were not enough. This might have led to a
decrease in the tpCR rates. Nonetheless, in
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Table 1. Baseline characteristics.

TE group TEL group
(n=101) (n=99)

Age, years

<40 13 (13%) 16 (16%)

40-59 77 (76%) 76 (77%)

=40 11 (11%) 7 (7%)
BMI

Underweight 2 (2%) 2 (2%)

Normal 61 (66%) 65 (66%)

Overweight 25 (27%) 24 (24%)

Obese 4 (%) 8 (8%)
Clinical stage

I 18 (18%) 16 (16%)

Il 64 (63%) 62 (63%)

1l 19 (19%) 21 (21%)
N stage

0 41 (61%) 53 (54%)

1 38 (38%]) 25 (25%)

2 12 (12%) 7 (7%)

3 10 (10%) 14 (14%)
T stage

T 32 (32%) 36 (36%)

T2 60 (60%) 54 (55%)

T3 9 (9%]) 9 (9%)

T4 0 (0%]) 0 (0%)

Data are median (interquartile range) or n (%).
BMI, body mass index; TE, docetaxel and epirubicin,
docetaxel, epirubicin, and lobaplatin.

TEL,

accordance with the previous findings from the
interim analysis,2° the results of the mature analy-
sis in this study also indicated that the tpCR rate
in the TEL group was significantly higher than
that in the TE group. However, the occurrence of
multiple adverse events, including anemia, leuko-
penia, thrombocytopenia, and neutropenia, was
more frequent in the TEL group than in the TE
group.

100+
°
%"\ 80~ P<0.001
> 60- |
§
S 40"
2 a0 17.8%
=
0_

TE

Figure 2. Assessment of pathologic CR.

41.4%

TEL

tpCR of TNBC patients after four cycles of neoadjuvant chemotherapy.
CR, complete response; TE, docetaxel and epirubicin; TEL, docetaxel, epirubicin, and
lobaplatin; TNBC, triple-negative breast cancer; tpCR, total pathologic CR.

Previous studies have shown that platinum-based
neoadjuvant chemotherapy, especially the addi-
tion of carboplatin, is associated with high pCR
rates, DFS, and OS in TNBC patients.23-26
Regimens containing platinum reagents have been
found to be highly effective for pCR.2> However,
the efficiency of lobaplatin for the treatment of
TNBC is largely unknown, although other studies
have shown that it is beneficial for the treatment of
non-small-cell lung cancer, colorectal cancer,
nasopharyngeal carcinoma, and metastatic breast
cancer.1627-29 Therefore, the present findings
make an important contribution to what is known
about the therapeutic effects of lobaplatin.

Recent evidence has also shown that immunother-
apy is a promising treatment strategy for neoadju-
vant therapy of TNBC.3° For example, Schmid ez al.
reported that the addition of pembrolizumab led to a
significant increase of 13.6% in pCR compared to
the control group.3! Our study found that the addi-
tion of lobaplatin had a comparable effect size to
immunotherapy. Based on these findings, combin-
ing our regimen with monoclonal antibodies, such as
programmed death ligand-1, warrants investigation,
as it could further improve the prognosis of TNBC
patients. In addition to lobaplatin, capecitabine and
olaparib are also optional drugs for adjuvant chemo-
therapy of TNBC. Since the evidence of lobaplatin’s
effect on TNBC has only recently emerged, in the
future, there is a need to compare the efficacy and
safety of lobaplatin to that of capecitabine or other
options, and to examine the performance of lobapl-
atin when used in combination with these drugs.
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—— TEL

Log-rank P=0.028
Stratified HR, 0.44 (95%CI, 0.21-0.90)

24 36 48 60

Time from randomization, months

(a) 1004
©
- 804
2
5 60-
8
S 40+
(]
5
Z 20+
a
0 |
0 12
Number at risk
TE group 101 98
TEL group 99 96

79 52 37 22
86 74 57 37

100'W
80~

—— TEL

Log-rank P =0.061
Stratified HR, 0.44 (95%CI, 0.18-1.02)

T T T 1
24 36 48 60

Time from randomization, months

(b)
=X
g
?2 40~
o
>
O 20—
0 T
0 12
Number at risk
TE group 101 101
TEL group 99 98

86 57 40 25
90 79 60 40

Figure 3. Comparison of survival outcomes between treatment groups: (a) DFS and (b) 0S.
DFS, disease-free survival; HR, hazard ratio; 0S, overall survival; TE, docetaxel-epirubicin; TEL, docetaxel-epirubicin-

lobaplatin.

To the best of our knowledge, our trail is the first
to focus on the effects of lobaplatin-based neoad-
juvant chemotherapy on the prognosis of patients
with TNBC. Our pilot study showed that patients
who received lobaplatin-based neoadjuvant
chemotherapy had a higher tpCR rate than those
who received the standard treatment.? In the

present study, we show that lobaplatin-based
neoadjuvant chemotherapy also has long-term
advantages in terms of improving DFS in TNBC
patients. The mechanism of lobaplatin’s anti-
neoplastic effect may be attributed to JNK (c-Jun
N-terminal) phosphorylation, ROS activation
(reactive oxygen species), cell pyroptosis, and
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(a) TE group TEL group Hazard ratio Pval
(events/N) (events/N) (95% CI) Ve
Age, years
<50 9/58 8/70 -— 0.62 (0.24-1.62) 0.33
>50 11/43 2/29 0.23 (0.05-1.06) 0.06
—a—
BMI
Underweight/Normal  14/65 9/67 —a— 0.58 (0.25-1.34) 0.20
Overweight/Obese 6/36 1/32 - 0.12 (0.01-1.01) 0.05
Clinical stage
| 5/18 1127 1 i 0.10 (0.01-0.83) 0.03
-1 15/83 9/72 —— 0.61 (0.26-1.39) 0.24
Lymph node stage
NO 9/61 6/73 i 0.42 (0.15-1.19) 0.10
NI1-N3 11/40 4/26 — 1.29 (0.26-6.42) 0.75
Tumour stage
Tl 6/22 3/36 —— 0.25 (0.06-1.01) 0.05
T2-T4 14/79 7/63 —a— 0.52 (0.21-1.30) 0.17
Overall 20/101 10/99 —a— 0.44 (0.21-0.90) 0.03
T T
01 1 10
Favours TEL group  Favours TE group
(b) TE group TEL group Hazard ratio P value
(events/N) (events/N) (95% CI)
Age, years
<50 6/58 5/70 ¥ i 0.57 (0.17-1.88) 0.36
>50 8/43 2/29 —a— 0.33 (0.07-1.57) 0.17
BMI
Underweight/Normal 10/65 5/67 —a—r 0.43 (0.15-1.26) 0.13
Overweight/Obese 4/36 2/32 —_— 0.44 (0.08-2.42) 0.35
Clinical stage
I 2/18 127 = 1 0.26 (0.02-2.88) 027
In-m 12/83 6/72 —a— 0.50(0.19-1.33) 0.16
Lymph node stage
NO 3/61 2/73 L 0.42 (0.07-2.50) 0.34
NI1-N3 11/40 5126 —T— 1.67 (0.41-6.77) 0.48
Tumour stage
Tl 322 3/36 T 0.54 (0.11-2.69) 0.45
T2-T4 11/79 4/63 —a 0.37 (0.12-1.17) 0.09
Overall 14/101 7/99 ] 0.44 (0.18-1.02) 0.06
T T
01 1 10
Favours TEL group Favours TE group

Figure 4. Forest plot for (a) DFS and (b) OS.
DFS, disease-free survival; 0S, overall survival.

apoptosis.3233 However, the specific mechanism
by which lobaplatin facilitates TNBC elimination
warrants further investigation.

Some studies have indicated that lobaplatin can
induce grade III-IV hematologic toxicity,

including neutropenia and thrombocytopenia.19:34
Our study presents similar results as those of pre-
vious publications.?> The proportion of patients
with grade III-IV leukopenia, neutropenia, ane-
mia, and thrombocytopenia was higher in the
TEL group than in the control (TE) group. These
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Table 2. Hematological toxicities.

TE group (96) N (%) TEL group (99) N (%) p value
Leukopenia 0.010
I-I1 45 (47) 50 (51)
-1v 21(22) 33 (33)
Neutropenia 0.003
[l 35 (36) 33(33)
-1V 20 (21) 39 (39)
Anemia <0.001
[l 72 (75) 39 (39)
-1V 12(12) 52 (53)
Thrombocytopenia <0.001
[l 13 (14) 17 (17)
I-1v 3 (3] 35 (35)

TE, docetaxel and epirubicin; TEL docetaxel, epirubicin, and lobaplatin.

findings indicate that hematologic toxicity may be
a concern for lobaplatin therapy.

One limitation of this study is that the subtype of
TNBC was not determined. It has been reported
that the basal subtype is associated with worse
recurrence-free survival and OS in patients with
TNBC, but is more sensitive to platinum. Therefore,
there could have been subtype-dependent differ-
ences in the response to therapy that were missed.
In addition, in the future, pharmacogenomic stud-
ies of genetic polymorphisms, including BRCA
mutation status, can help identify specific subsets of
patients who could potentially benefit more from
lobaplatin-based systemic intervention.

In summary, lobaplatin-based neoadjuvant chem-
otherapy has high activity and prolonged DFS in
TNBC, but may lead to hematologic toxicity in a
certain portion of patients. The current study was
limited by its small sample size, as well as the lack
of genomic data. Therefore, a future multi-center
study with a large sample size is required to vali-
date the current findings.
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