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Simple Summary: Considering the favorable overall safety profile of trastuzumab emtansine
(T-DM1), the low expected rate of cardiotoxicity, and the synergistic effect of anthracyclines with
Human Epidermal Growth Factor Receptor 2 (HER2)-targeting agents, it is hypothesized that T-DM1
may be safely combined with non-pegylated liposomal doxorubicin (NPLD). In the THELMA trial,
the effect of adding NPLD to T-DM1 was evaluated with the aim of enhancing T-DM1 efficacy
using an extensive cardiological assessment in trastuzumab- and taxane-pretreated patients with
HER2-positive metastatic breast cancer. Despite an unlikely drug synergism, this combination was
generally well tolerated without clinically relevant worsening of cardiac function. No relationship
was identified between early predictors of heart failure and left ventricular ejection fraction changes.
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Thus, the combination of T-DM1 plus NPLD is safe, but this regimen does not seem to improve
T-DM1 antitumor activity in this setting.

Abstract: The paper assesses the dose-limiting toxicities and the maximum tolerated dose (MTD)
of trastuzumab emtansine (T-DM1) combined with non-pegylated liposomal doxorubicin (NPLD)
in HER2-positive (HER2+) metastatic breast cancer (MBC). This single-arm, open-label, phase Ib
trial (NCT02562378) enrolled anthracycline-naïve HER2+ MBC patients who had progressed on
trastuzumab and taxanes. Patients received a maximum of 6 cycles of NPLD intravenously (IV) at
various dose levels (45, 50, and 60 mg/m2) in the “3 plus 3” dose-escalation part. During expansion,
they received 60 mg/m2 of NPLD every 3 weeks (Q3W) plus standard doses of T-DM1. The MTD was
T-DM1 3.6 mg/kg plus NPLD 60 mg/m2 administered IV Q3W. No clinically relevant worsening of
cardiac function was observed. Among all evaluable patients, the overall response rate was 40.0%
(95%CI, 16.3–67.7) with a median duration of response of 6.9 months (95%CI, 4.8–9.1). Clinical benefit
rate was 66.7% (95%CI, 38.4–88.2) and median progression-free survival was 7.2 months (95%CI,
4.5–9.6). No significant influence of NPLD on T-DM1 pharmacokinetics was observed. The addition
of NPLD to T-DM1 is feasible but does not seem to improve the antitumor efficacy of T-DM1 in HER2+

MBC patients.

Keywords: trastuzumab emtansine; T-DM1; non-pegylated liposomal doxorubicin; HER2-positive;
metastatic breast cancer

1. Introduction

Breast cancer is a heterogeneous disease with multiple clinical presentations and tumor
characteristics [1]. The Human Epidermal Growth Factor Receptor 2 (HER2) gene encodes a 185-kDa
transmembrane protein with tyrosine kinase activity. Amplification of the HER2 protooncogene occurs
in approximately 15–20% of patients with breast cancer and is an independent predictor of disease
recurrence and breast cancer-related mortality [2].

There have been great advancements in HER2-targeting therapies converting HER2+ metastatic
breast cancer (MBC) into a highly treatable disease and extend survival in most patients [3–5].
Trastuzumab emtansine (T-DM1) is an antibody–drug conjugate that efficiently combines the antitumor
effects of trastuzumab to the cytotoxic potential of derivative of maytansine 1 (DM1), which is a potent
microtubule polymerization inhibitor. The randomized EMILIA phase III trial randomly assigned
991 patients with HER2+ MBC who had previously been treated with trastuzumab and a taxane to
receive T-DM1 or capecitabine plus lapatinib [6]. The positive results of this study led to the approval
of T-DM1 for patients with HER2+ MBC previously treated with trastuzumab and a taxane. The overall
safety profile in HER2+ MBC showed that T-DM1 was well tolerated and the most commonly reported
high-grade adverse events (AEs) were laboratory abnormalities, such as transaminase elevation and
thrombocytopenia [6–8]. Cardiotoxicity in terms of reduction in left ventricular ejection fraction (LVEF)
from baseline of at least 15% to less than 50% was reported in 0.8% to 1.7% of patients who were treated
with T-DM1 in the metastatic setting [6–8].

Doxorubicin is an effective anthracycline that is commonly used for patients with breast cancer.
Nevertheless, its free formulation is associated with cumulative, dose-dependent cardiac toxicity,
which limits its clinical use to mainly advanced settings [9,10]. The combination therapy of doxorubicin
and trastuzumab has been proven to be highly active for patients with HER2+ MBC, but it has
been associated with an increased risk of cardiotoxicity [11]. Risk factors were later identified for
trastuzumab-associated cardiotoxicity, which has helped to reduce its frequency, but this combination
is not routinely used in clinical practice.
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Current available measures of cardiotoxicity—defined by decreases in LVEF using multigated
acquisition (MUGA) scans or echocardiography—may become apparent only when myocardial damage
is fully established, exceeding its ability to compensate, and potentially too late for any meaningful
alterations in clinical management [12]. There is some evidence to suggest that both strain, strain rate,
and serum cardiac markers, such as B-type natriuretic peptide (BNP) and troponin I, offer a more
sensitive approach than LVEF to detecting subclinical cardiotoxicity at the earliest stages in patients
with chronic heart failure [13–15]. Additionally, serum HER2 levels seem to be increased in patients
who experienced chronic heart failure [16].

More recently, liposomal anthracycline formulations have been developed with the aim of
increasing the therapeutic index of conventional anthracyclines. These liposomal formulations include
non-pegylated liposomal doxorubicin (NPLD) and pegylated liposomal doxorubicin. Generally,
these agents have been demonstrated to reduce cardiac toxicity significantly while maintaining similar
antitumor efficacy compared to conventional anthracyclines [17–19]. In addition, the combination of
liposomal anthracyclines with trastuzumab has been shown to be a safe and feasible treatment with
promising antitumor activity in patients with treatment-naïve HER2+ MBC [20–22].

Considering the favorable overall safety profile of T-DM1, low expected rate of cardiotoxicity,
and the synergistic effect of anthracyclines with HER2-targeting agents, it is hypothesized that T-DM1
may be safely combined with NPLD. This combination might offer a novel effective strategy for
enhancing the antitumor effect of T-DM1. The aim of this phase Ib trial (NCT02562378) is to determine
the dose-limiting toxicities (DLTs) and the maximum tolerated dose (MTD) of T-DM1 combined with
NPLD in HER2+ MBC.

2. Results

2.1. Study Population

Between October 2015 and December 2017, a total of 15 patients with anthracycline-naïve HER2+,
unresectable, locally advanced or MBC were enrolled at seven sites. Of these, 12 patients (80.0%) were
distributed into three cohorts during the dose-escalation part (cohorts 1 and 2: three patients in each
cohort; cohort 3: six patients), and three patients (20.0%) were included in the dose-expansion part.
The median age was 50 years (range, 31–62 years), 86.7% had Eastern Cooperative Oncology Group
(ECOG) performance status 0, 73.3% had estrogen-receptor positive tumors, 60.0% presented with
“de novo” metastatic disease, and 73.3% had visceral disease (40.0% with liver metastases). A total of
11 (73.3%), 3 (20.0%), and 1 (6.7%) patients had received prior treatment for advanced disease in the
first-line, second-line, and third-line setting, respectively.

All patients had previously been treated with a taxane and trastuzumab, and 80.0% had also
previously received pertuzumab. Table 1 summarizes the patients’ baseline characteristics.

2.2. Treatment Exposure

A total of 11 patients (73.3%) completed six cycles of T-DM1 and NPLD: two patients in cohort
1, two patients in cohort 2, four patients in cohort 3, and three patients in the dose-expansion part.
The median relative dose intensity for T-DM1 and NPLD was 90.6% and 85.9%, and the median
duration of treatment was 6.3 and 3.7 months, respectively. At the time of the analysis (December 2018),
all 15 patients had discontinued study treatment, most commonly because of disease progression
(80.0%). Additional reasons for treatment discontinuation were AEs (6.7%), patient request (6.7%),
and investigator decision (6.7%).

2.3. MTD Determination

No patient in cohorts 1 and 2 (45 and 50 mg/m2 NPLD dose levels, respectively) developed a
DLT. One patient in cohort 3 (60 mg/m2 NPLD dose level) experienced a DLT consisting of grade
4 neutropenia lasting 13 days. This cohort was expanded to include three additional patients to confirm
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the safety and tolerability of the MTD with no other DLTs. Consequently, the MTD was determined to
be 3.6 mg/kg of T-DM1 and 60 mg/m2 of NPLD IV on day 1 of each three-week cycle. The complete list
of DLTs is provided in Table S1.

Table 1. Demographic and baseline patient characteristics.

Characteristic Cohort 1
(n = 3)

Cohort 2
(n = 3)

Cohort 3
(n = 9)

Overall
(n = 15)

Age, median (range), years

50.0 (39.0–62.0) 58.0 (57.0–61.0) 42.0 (31.0–62.0) 50.0 (31.0–62.0)

ECOG performance status, n (%)

0 3 (100) 3 (100) 7 (77.8) 13 (86.7)
1 0 (0) 0 (0) 2 (22.2) 2 (13.3)

HER2 expression, n (%)
IHC 3+ 2 (66.7) 2 (66.7) 7 (77.8) 11 (73.3)

IHC 2+ and ISH+ 1 (33.3) 1 (33.3) 2 (22.2) 4 (26.7)

Hormone receptor status, n (%)

ER-positive 2 (66.7) 3 (100) 6 (66.7) 11 (73.3)
ER-negative 1 (33.3) 0 (0) 3 (33.3) 4 (26.7)
PR-positive 1 (33.3) 2 (66.7) 4 (44.4) 7 (46.7)
PR-negative 2 (66.7) 1 (33.3) 5 (55.6) 8 (53.3)

Disease stage at initial diagnosis, n (%)

I 0 (0) 0 (0) 1 (11.1) 1 (6.7)
II 0 (0) 0 (0) 2 (22.2) 2 (13.3)
III 0 (0) 0 (0) 3 (33.3) 3 (20.0)
IV 3 (100) 3 (100) 3 (33.3) 9 (60.0)

De novo metastatic disease, n (%)

Yes 3 (100) 3 (100) 3 (33.3) 9 (60)
No 0 (0) 0 (0) 6 (66.7) 6 (40)

Sites of metastases, n (%)

Lymph Node 2 (66.7) 1 (33.3) 7 (77.8) 10 (66.7)
Bone 3 (100) 3 (100) 4 (44.4) 10 (66.7)
Liver 0 (0) 2 (66.7) 4 (44.4) 6 (40.0)
Lung 0 (0) 1 (33.3) 4 (44.4) 5 (33.3)
Brain 1 (33.3) 0 (0) 1 (11.1) 2 (13.3)
Skin 0 (0) 0 (0) 2 (22.2) 2 (13.3)

Others 0 (0) 1 (33.3) 1 (11.1) 2 (13.3)

Lines of previous treatment for advanced disease, n (%)

1 0 (0) 3 (100) 8 (88.9) 11 (73.3)
2 3 (100) 0 (0) 0 (0) 3 (20.0)
3 0 (0) 0 (0) 1 (11.1) 1 (6.7)

Prior taxane treatment, n (%)

3 (100) 3 (100) 9 (100) 15 (100)

Prior anthracycline treatment, n (%)

0 (0) 0 (0) 0 (0) 0 (0)

Prior trastuzumab treatment, n (%)

3 (100) 3 (100) 9 (100) 15 (100)

Prior pertuzumab treatment, n (%)
1 (33.3) 3 (100) 8 (88.9) 12 (80.0)



Cancers 2020, 12, 3509 5 of 14

2.4. General Safety

All 15 patients received at least one dose of study treatment and were included in the safety
analysis. All patients experienced at least one AE (grades 1–4). The most common treatment-related
toxicities were neutropenia (n = 11, 73.3%), thrombocytopenia (n = 9, 60.0%), asthenia (n = 9, 60.0%),
nausea (n = 9, 60.0%), elevation of liver transaminases (n = 8, 53.3%), decreased appetite (n = 5, 33.3%),
and anemia (n = 4, 26.7%). These AEs were generally mild (grade 1/2) and reversible. Treatment-related
AEs of any grade reported in ≥10% of patients are listed in Table 2.

Table 2. Treatment-related adverse events of any grade occurring in more than 10% of patients.

Adverse Event
Cohort 1

(n = 3)
n (%)

Cohort 2
(n = 3)
n (%)

Cohort 3
(n = 9)
n (%)

Overall
(n = 15)

n (%)

Hematological
Neutropenia 1 (33.3) 3 (100) 7 (77.8) 11 (73.3)

Thrombopenia 1 (33.3) 2 (66.7) 6 (66.7) 9 (60.0)
Anemia 1 (33.3) 1 (33.3) 4 (44.4) 4 (26.7)

Leukopenia 0 (0) 1 (33.3) 2 (22.2) 3 (20.0)
Lymphopenia 0 (0) 1 (33.3) 2 (22.2) 3 (20.0)

Decreased hemoglobin 1 (33.3) 1 (33.3) 0 (0) 2 (13.3)
Decreased lymphocyte count 0 (0) 1 (33.3) 1 (11.1) 2 (13.3)

Non-Hematological
Asthenia 3 (100) 2 (66.7) 4 (44.4) 9 (60.0)
Nausea 2 (66.7) 3 (100) 4 (44.4) 9 (60.0)

Increased aspartate aminotransferase 1 (33.3) 1 (33.3) 6 (66.7) 8 (53.3)
Increased alanine aminotransferase 1 (33.3) 1 (33.3) 4 (44.4) 6 (40.0)
Increased brain natriuretic peptide 0 (0) 2 (66.7) 4 (44.4) 6 (40.0)

Increased gamma-glutamyl transferase 2 (66.7) 2 (66.7) 2 (22.2) 6 (40.0)
Increased troponin I 0 (0) 1 (33.3) 4 (44.4) 5 (33.3)
Decreased appetite 1 (33.3) 1 (33.3) 3 (33.3) 5 (33.3)

Alopecia 0 (0) 1 (33.3) 3 (33.3) 4 (26.7)
Epistaxis 0 (0) 1 (33.3) 2 (22.2) 3 (20.0)

Rhinorrhea 0 (0) 1 (33.3) 2 (22.2) 3 (20.0)
Headache 0 (0) 2 (66.7) 0 (0) 2 (13.3)

Fatigue 0 (0) 0 (0) 2 (22.2) 2 (13.3)
Mucosal inflammation 0 (0) 0 (0) 2 (22.2) 2 (13.3)

Increased blood alkaline phosphatase 0 (0) 1 (33.3) 1 (11.1) 2 (13.3)
Aphthous ulcer 0 (0) 1 (33.3) 1 (11.1) 2 (13.3)

Constipation 1 (33.3) 0 (0) 1 (11.1) 2 (13.3)
Diarrhea 1 (33.3) 0 (0) 1 (11.1) 2 (13.3)

Dry mouth 0 (0) 1 (33.3) 1 (11.1) 2 (13.3)
Gingival bleeding 0 (0) 0 (0) 2 (22.2) 2 (13.3)

Vomiting 0 (0) 1 (33.3) 1 (11.1) 2 (13.3)
Hypoalbuminemia 0 (0) 1 (33.3) 1 (11.1) 2 (13.3)

Rash 0 (0) 1 (33.3) 1 (11.1) 2 (13.3)

Grade ≥3 treatment-related AEs occurred in nine patients (60.0%), and neutropenia was the
most frequent (n = 8, 53.3%), but there were no instances of febrile neutropenia. Other grade ≥3
treatment-related AEs that occurred in ≥10% of patients included thrombocytopenia (n = 2, 13.3%)
and elevation of liver transaminases (n = 2, 13.3%). One patient developed a hepatobiliary disorder
(venoocclusive liver disease) that was not clearly related to the study drugs and led to treatment
discontinuation. No grade 5 AEs or other unexpected safety issues were observed. Treatment-related
AEs of grade ≥ 3 are summarized in Table 3.
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Table 3. Grade 3–5 treatment-related adverse events occurring in the safety population.

Adverse event Cohort 1
(n = 3)

Cohort 2
(n = 3)

Cohort 3
(n = 9)

Overall
(n = 15)

Hematological
Neutropenia 0 (0) 2 (66.7) 6 (66.7) 8 (53.3)

Thrombopenia 0 (0) 0 (0) 2 (22.2) 2 (13.3)
Leukopenia 0 (0) 1 (33.3) 1 (11.1) 2 (13.3)

Lymphopenia 0 (0) 1 (33.3) 1 (11.1) 2 (13.3)

Non-Hematological
Increased aspartate aminotransferase 0 (0) 0 (0) 2 (22.2) 2 (13.3)

Fatigue 0 (0) 0 (0) 1 (11.1) 1 (6.7)

2.5. Cardiac Safety

The median LVEF values at baseline were 64.1% (range, 59.3–71.0%), 67.0% (range, 60.0–72.0%),
and 62.7% (range, 60.0–71.9%) in cohorts 1, 2, and 3, respectively. At the end of cycle 6, the median
changes in LVEF values were 11.6% (range, 9.8–13.4%), −4.0% (range, −22.0–4.0%), and 0% (range,
−5.0–5.0%), respectively. A summary of LVEF values is provided in Table S2.

No cases of LVEF decline to <50.0% or symptomatic heart failure were observed. There was an
increase of cardiac markers (serum troponin I and BNP) during the study treatment with respect to the
baseline, although the elevations were not clinically significant. Overall, 13 patients (86.7%) had at
least one marker level above the upper limit of normal (ULN), and both levels were above the ULN in
three patients (20.0%). Analyses of serum HER2 extracellular domain (ECD) levels did not reveal a
relationship with either LVEF changes or cardiac markers elevation.

2.6. Antitumor Efficacy

With a median follow-up time of 9.8 months (range, 2.3–24.4 months), objective partial responses
(PRs) were observed in six of 15 patients (40.0%). No patient attained complete response (CR).
Overall response rate (ORR) was 33.3% (95%confidence intervals (CI), 0.8–90.6) in cohort 1, 66.7% (95%CI,
9.4–99.2) in cohort 2, and 33.3% (95%CI, 7.5–70.1) in cohort 3 as per Response Evaluation Criteria In
Solid Tumors version 1.1 (RECIST v.1.1). A total of four patients had stable disease for 24 weeks or
longer and of them, one patient in cohort 1 and three patients in cohort 3, leading to a clinical benefit
rate (CBR) of 66.7% (95%CI, 38.4–88.2). Among responders the median duration of response (DoR) was
6.9 months (95%CI, 4.8–9.1). Of a total of 15 patients, only one patient (6.7%) in cohort 1 experienced
progressive disease as the best response.

Of 11 patients in cohorts 2 and 3 who had received one prior treatment for advanced disease,
five (45.5%) had PR and three (27.3%) had stable disease for 24 weeks or longer, with a CBR of 72.7%
(95%CI, 39–94). Among responders with one prior line of treatment, the median DoR was 8.3 months
(95%CI, 5.9–10.7) and median progression-free survival (PFS) was 7.2 months (95%CI, 6.6–7.8).

Median PFS was 8.2 months (95%CI, 1.3–10.3) in cohort 1, 7.0 months (95%CI, 3.8–not evaluable)
in cohort 2, 7.2 months (95%CI, 4.5–9.6) in cohort 3, and 7.2 months in the overall study population
(95%CI, 4.5–9.6).

A summary of the antitumor clinical activity of the study treatment based on investigator review
is provided in Figure 1.
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Figure 1. Antitumor clinical activity of the combination of T-DM1 and NPLD.

2.7. Pharmacokinetics Analysis

Three subjects for each treatment cohort were included in the pharmacokinetic (PK) population.
The PK parameters of the main substances (T-DM1 and doxorubicin) indicated that the mean plasma
concentrations declined quickly in an exponential manner after the first infusion of the study treatment
at each dose level. The mean PK parameters included the maximum concentration of drug observed
in plasma (Cmax) and time from time zero to infinity (AUCinf) for T-DM1 were similar for each dose
level of NPLD after the first administration of the study treatment with low inter-subject variability
(coefficient of variation (CV) 4.0–30.0%). The mean Cmax ranged from 67.8 to 79.6 µg/mL and AUCinf

ranged from 321 to 380 µg × day/mL. The median time required to reach the maximum concentration
of drug in plasma (Tmax), mean time taken by the plasma concentration to reduce to 50% during the
elimination phase (T1/2), body clearance (CL), and volume of distribution (Vd) of T-DM1 were similar
for each treatment cohort.
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The mean total serum exposures of trastuzumab were approximately 1.6 to 2.3 times higher for
cohort 2 than the exposures for the other cohorts. The mean total plasma exposures to DM1 ranged
between 10.1 and 23.1 ng × d/mL among cohorts. Table 4, Table S3, and Table S4 summarize the PK
results for T-DM1, total trastuzumab, and DM1.

Table 4. Pharmacokinetic parameters of trastuzumab emtansine (T-DM1) and doxorubicin by treatment
dose level.

Treatment Dose
Level

T-DM1 3.6 mg/kg Plus NPLD 45
mg/m2

(n = 3)

T-DM1 3.6 mg/kg Plus NPLD 50
mg/m2

(n = 6)

T-DM1 3.6 mg/kg Plus NPLD 60
mg/m2

(n = 9)

CYCLE 1

Parameter T-DM1
mean (% CV)

Doxorubicin
mean (% CV)

T-DM1
mean (% CV)

Doxorubicin
mean (% CV)

T-DM1
mean (% CV)

Doxorubicin
mean (% CV)

AUCinf (µg × h/mL) a 355 (15.2) NE 380 (29.1) NE 321 (18.6) NE
AUClast (µg × h/mL) 348 (14.4) 2.14 (89.6) 372 (30.3) 19.9 (126.6) 317 (18.9) 10.8 (68.3)

Cmax (µg/mL) 73.3 (3.6) 0.957 (88.2) 79.6 (28.5) 4.23 (91.5) 67.8 (17.8) 2.68 (47.5)
Tmax (h) b 1.95 (1.83–2.00) 1.08 (1.08–1.17) 1.83 (1.83–2.02) 1.17 (1.08–1.43) 1.95 (1.80–2.08) 1.17 (1.13–1.33)

T1/2 (days) a 3.57 (33.8) NE 4.25 (13.2) NE 3.48 (11.7) NE
Vd (mL/kg) a 50.1 (10.1) NE 56.4 (19.5) NE 55.9 (21.6) NE

Cl (mL/kg/day) a 10.0 (12.1) NE 10.1 (32.1) NE 11.0 (16.3) NE

CYCLE 2

Parameter T-DM1
mean (% CV)

Doxorubicin
mean (% CV)

T-DM1
mean (% CV)

Doxorubicin
mean (% CV)

T-DM1
mean (% CV)

Doxorubicin
mean (% CV)

AUClast (µg × h/mL) NA 3.85 (45.6) NA 21.5 (122.4) NA 8.27 (42.7)
Cmax (µg/mL) NA 1.58 (52.6) NA 4.71 (86.2) NA 2.57 (28.3)

Tmax (h) a NA 1.15 (1.10–1.35) NA 1.17 (1.08–1.17) NA 1.33 (1.13–1.37)
a Lambda z-dependent parameter (time from time zero to infinity (AUCinf), mean time taken by the plasma
concentration to reduce to 50% during the elimination phase (T1/2), body clearance (Cl), and volume of distribution
(Vd)) were not estimated for doxorubicin. b Median (minimum and maximum) are reported for the median time
required to reach the maximum concentration of drug in plasma (Tmax). NE: Not estimated. NA: Not applicable.

Observations of the doxorubicin concentration–time curves were limited as concentrations fell
below the quantification level at the collection point of 72 h post-infusion. The last measurable
concentration time using the mean linear trapezoidal method (AUClast) ranged between 2.14 and
19.9 µg × h/mL, and the mean Cmax was between 0.957 and 4.23 µg/mL with moderate to high
inter-subject variability ranging from 48% and 127%. The median Tmax values were similar for each
treatment cohort.

In cycle 2, the results for mean plasma concentration versus time were similar to those observed
in cycle 1 (Table 4). The PK parameters of the metabolite doxorubicinol are provided in the Table S5.
The potential association between T-DM1 (or its unconjugated components), systemic exposure
(Cmax and AUCinf), and antitumor efficacy (ORR, CBR, and PFS) was analyzed by logistic regression.
Neither statistically significant associations nor clear positive or negative trends were observed.

3. Discussion

In the metastatic setting, T-DM1 is approved as a single-agent to treat patients with HER2+,
unresectable, locally advanced, or MBC who previously received trastuzumab and a taxane,
either separately or in combination. Although T-DM1 has shown significant antitumor activity,
less than half of the patients achieve an objective response, and all the patients eventually progress and
require a new line of treatment [6].

Over the past few years, T-DM1 in combination with other agents has been explored because of its
manageable safety profile, which makes it an ideal for combination treatment. Potential chemotherapy
combinations have long been explored to improve T-DM1 efficacy in a metastatic setting but with
negative results. Although the efficacy of the combination of T-DM1 plus docetaxel (with or without
pertuzumab) was encouraging, this regimen was associated with significant toxicity, leading to dose
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reductions in nearly half of study patients [23]. Another study demonstrated that the addition of
capecitabine to T-DM1 did not significantly improve patient outcome [24].

In this phase Ib study, the selected doses of T-DM1 and NPLD were 3.6 mg/kg and 60 mg/m2

every three weeks, respectively. These doses are the same as the recommended doses of either drug
given alone. Moreover, based on comparison with historical controls, no PK interaction was observed
between NPLD and T-DM1, and T-DM1 PKs have been consistent with those reported for T-DM1 given
as a monotherapy [25].

Unfortunately, the addition of NPLD does not appear to increase the antitumor activity of T-DM1
significantly as a single agent, with a median PFS of 7.2 months, an ORR of 40.0%, and a CBR
of 66.7% in a trastuzumab- and taxane-pretreated population (refer to the Tables S6 and S7 for a
comprehensive overview of efficacy of T-DM1-based and NPLD-based regimens in landmark trials,
respectively). These findings do not significantly differ from those achieved with T-DM1 in the EMILIA
trial (median PFS of 9.6 months and ORR of 43.6%) [6]. Nevertheless, in contrast to the EMILIA trial,
most of the patients included in this study previously received pertuzumab, which has been associated
with reduced T-DM1 efficacy [25]. This fact, along with the limited number of patients, does not allow
us to draw definite conclusions.

The safety profiles of T-DM1 and NPLD were consistent with previous reports, with no new
safety findings for either agent, and AEs were generally manageable (refer to the Tables S6 and S8
for a comprehensive overview of the safety of T-DM1-/NPLD-containing regimens in landmark trials
and THELMA). Myelosuppression was the most frequent toxicity, but the addition of NPLD did
not significantly increase the incidence of severe thrombocytopenia typically associated with T-DM1.
However, hepatotoxicity was slightly higher with the combination of NPLD and T-DM1 than previously
reported with T-DM1 as a single-agent, and one patient discontinued the study treatment due to
venoocclusive liver disease, although it was probably not related to study drugs [6].

The addition of NPLD was not associated with significant cardiotoxicity, and no patients developed
asymptomatic LVEF declines or symptomatic heart failure. However, some patients presented an
elevation of cardiac markers (troponin I and BNP) that was not clinically significant during the study
treatment. It is important to emphasize that prior treatment with anthracyclines was not allowed,
and this patient selection could have helped to obtain this favorable cardiac safety profile. No relevant
correlation with cardiotoxicity was observed in the analysis of serum HER2 ECD levels.

4. Materials and Methods

4.1. Patient Population

Eligible patients were age ≥18 years with HER2+ (according to 2013 American Society of Clinical
Oncology/College of American Pathologists (ASCO/CAP) guidelines), unresectable, locally advanced
or MBC by local testing. Patients could have previously received up to two prior chemotherapy
regimens in an advanced setting, and the disease had to have progressed or relapsed during or after
taxane—and trastuzumab—based therapy. Other inclusion criteria were ECOG performance status ≤1
and adequate bone marrow, renal, hepatic, and cardiovascular function (LVEF ≥55%). Patients were
required to have evaluable or measurable disease according to RECIST v.1.1.

The major exclusion criteria included previous treatment with T-DM1 or anthracyclines, either in
a (neo)adjuvant or metastatic setting; central nervous system involvement (except if the patient
was >4 weeks from radiotherapy completion, clinically stable, and not receiving steroids at study
entry); cardiopulmonary dysfunction; history of a LVEF decline to <40.0% or symptomatic heart
failure with previous trastuzumab-based treatment; and peripheral neuropathy of grade 3 or higher
according to the National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events
(CTCAE) version 4.0. This study was performed in agreement with the guidelines of the International
Conference on Harmonization, the ethical principles of the Declaration of Helsinki, and all applicable
regulations. Informed consent was obtained from all participants. This study was approved by
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regulatory authorities and the following ethics committees: the Comité Ético de Investigación Clínica
of the Vall d’Hebron University Hospital in Barcelona, Spain, on January 9, 2015 with code ID-RTF020;
the Comité de Protection des Personnes, Hôpital Saint-Antoine in Paris, France on February 3, 2015,
with code 14994; and Komisija za Medicinsko Etiko, Ministrstvo za Zdravje, Ljubljana, Slovenia on
September 27, 2017, with code 0120-425/2017-8.

4.2. Study Design

THELMA (NCT02562378) was a single-arm, open-label, multicenter, phase Ib trial of T-DM1
in combination with NPLD. The trial employed a standard “3 plus 3” dose-escalation design with
a dose-expansion cohort at the MTD. Patients were treated with 3.6 mg/kg of T-DM1 intravenously
(IV) on day 1 of each three-week cycle and increasing doses of NPLD during the dose-escalation part
(45 mg/m2, 50 mg/m2, and 60 mg/m2 IV on day 1 of each cycle for up to 6 cycles). A de-escalation
part was planned with 3.6 mg/kg IV of T-DM1 and 15 mg/m2 IV of NPLD weekly if more than one
of six (1/6) patients included in the first dose period experienced a DLT. After cycle 6, patients could
continue with T-DM1 as a single-agent until disease progression, the development of unacceptable
toxicity, investigator decision, or withdrawal of consent.

The primary endpoint was to establish the MTD, which was defined as the highest dose level
at which either one of six (1/6) or none of three (0/3) patients experienced a DLT during the first two
cycles of study treatment. DLT was defined as the occurrence of any of the treatment-related AEs
listed in Table S1 during the first two cycles of study treatment. The population for primary analysis
included those patients who completed the first two cycles or stopped study treatment during that
time because of DLT. Toxicities were defined using NCI CTCAE version 4.0.

Preliminary efficacy was assessed by the ORR, CBR, DoR, and PFS. Additional secondary objectives
included both the general and cardiac safety profiles of T-DM1 plus NPLD, the evaluation of serum
HER2 ECD levels as a predictor of cardiac toxicity, and the assessment of PKs interactions between
NPLD and T-DM1. The intention-to-treat (ITT) population included every patient who received
any dose of study treatment and entered the safety analysis. Patients with a complete treatment
concentration time profile constituted the population for PK analysis.

4.3. Study Assessments

Physical examination, ECOG status, and laboratory assessments were conducted at baseline and
on day 1 of each three-week cycle. Cardiac assessments (echocardiogram, 12-lead electrocardiogram
(ECG), and cardiac markers serum troponin I and BNP) were performed at baseline and on day 1
of each cycle during treatment with T-DM1 and NPLD (cycles 1–6). In addition, cardiac markers
were also determined on days 8 and 15 during the first two cycles of study treatment. Thereafter,
echocardiograms and ECG were performed every 9 weeks until the end of study (EoS) visit.

PK samples for T-DM1, trastuzumab, and DM1 were collected at predetermined time points in
cycles 1, 2, and 4. PK samples for doxorubicin and doxorubicinol were obtained only in cycles 1 and 2.
Tumor assessment was performed at the end of cycles 2, 4, and 6. Afterwards, tumor assessment was
conducted every 9 weeks until the EoS visit. Response assessment was evaluated by the investigator
based on physical examinations, computerized tomography, or magnetic resonance imaging scans,
and bone scintigraphy using RECIST v.1.1.

ORR was defined as the proportion of patients with the best overall response (either CR or PR)
according to RECIST v.1.1 and confirmed at least 4 weeks after the initial response. CBR was defined
as the proportion of patients with the best overall response (either CR or PR) or stable disease lasting
24 weeks or longer. PFS was defined as the time from the initiation of study treatment to disease
progression or death from any cause.
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4.4. Serum HER2 ECD Assessment

Peripheral blood was collected at baseline and on cycle 4 in a sterile test tube and following
centrifugation serum samples were stored at −20 ◦C until the time of the assay. After collection of all
samples, serum HER2 ECD concentrations were determined by Enzyme-Linked Immunosorbent Assay
(ELISA) using the ADVIA® Centaur XP Immunoassay System (Siemens Diagnostics®, Tarrytown,
NY, USA) with a detection range of 0.5–350 ng/mL. The assay was conducted in accordance with the
manufacturers’ instructions and blinded to both patients’ characteristics and clinical outcomes.

4.5. PK Evaluation

PK analysis was performed with the data of all subjects using the software Phoenix WinNonlin®

version 8.0 (Pharsight, St. Louis, MO, USA) and SAS version 9.3 (SAS Institute, Cary, NC, USA).
All concentration values that were below the limit of quantification were considered as zero.
Missing values were not included in the PK analysis. The estimated Cmax, Tmax, T1/2, and the
elimination rate constant (Lambda_z). The area under the curve of plasma concentration versus time
was also calculated from time zero to the AUClast.

The area under the curve of concentration versus AUCinf was calculated using the linear trapezoidal
rule, and the extrapolated AUC percentage of total AUC was calculated as

[AUCinf − AUClast/AUCinf] × 100 (AUCext) (1)

Total CL was calculated as the total dose (mg) divided by AUCinf (CL), and the Vd based on the
terminal was calculated as

[CL/Lambda_z] (2)

When AUCext was greater than 20%, AUCinf and its associated parameters (T1/2, CL, and Vd)
were set as missing, and AUClast was reported. A non-compartmental method (Model 200 of Phoenix
WinNonlin® 5.2, Pharsight, St. Louis, MO, USA) was used to estimate the PK parameters of T-DM1,
total trastuzumab, and DM1.

4.6. Statistical Analysis

The target sample size was established as ranging between 12 and 24 patients depending on the
number of cohorts required to determine the MTD. The secondary binary efficacy endpoints (ORR and
CBR) were described with percentages and 95% Clopper–Pearson CI. For the time-to-event endpoint
(PFS and DoR), the median and 95% CIs were reported based on the Kaplan–Meier method. DoR was
reported with waterfall plots. Exploratory objectives were analyzed using descriptive statistics.

PK parameters for T-DM1 and total trastuzumab in serum, DM1 in plasma, and doxorubicin and
doxorubicinol in plasma were summarized using descriptive statistics (number of patients (N), mean,
standard deviation (SD), median, CV, minimum, and maximum). The exposure–response relationship
for ORR, CBR, and PFS was analyzed by logistic regression analysis. P-values and 95% CIs were based
on the likelihood ratio and profile-likelihood method. The level of significance was set at 5%.

5. Conclusions

In conclusion, the combination of NPLD and T-DM1 is feasible, but the addition of NPLD does
not seem to enhance the antitumor efficacy of T-DM1 in patients with HER2+ MBC. These findings do
not support further development of this combination. However, despite these and more disappointing
results with other combinations, optimization of T-DM1 therapy with other agents remains an unmet
need for HER2+ MBC patients.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6694/12/12/3509/s1.
Table S1. List of dose-limiting toxicities (DLTs); Table S2. Evolution of median left ventricular ejection fraction
(LVEF) values at baseline and cycle 6 in the three study cohorts; Table S3. Pharmacokinetic parameters for

http://www.mdpi.com/2072-6694/12/12/3509/s1
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trastuzumab by treatment dose level; Table S4. Pharmacokinetic parameters for DM1 by treatment dose level;
Table S5. Pharmacokinetic parameters for doxorubicinol by treatment dose level; Table S6. The efficacy and safety
of T-DM1–containing regimens for HER2-positive breast cancer; Table S7. The efficacy of non-pegylated liposomal
doxorubicin-based regimens for metastatic breast cancer; Table S8. The safety of non-pegylated liposomal
doxorubicin-based regimens for metastatic breast cancer.
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