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ABSTRACT
◥

PF-06804103 is an anti-HER2 antibody–drug conjugate with
auristatin payload. We evaluated its safety, tolerability, and anti-
tumor activity in patients with advanced/unresectable or metastatic
breast and gastric cancers. This multicenter, open-label, first-in-
human, phase 1 study (NCT03284723) comprised dose escalation
(P1) and dose expansion (P2). In P1, adults with HER2þ breast or
gastric cancer received PF-06804103 0.15–5.0 mg/kg intravenously
once/21 days (Q3W); in P2, patients with HER2þ or HER2-low
(IHC 1þ or IHC 2þ/ISH�) breast cancer received 3.0 or 4.0 mg/kg
Q3W. The primary endpoints were dose-limiting toxicities (DLT)
and safety (P1), and objective response rate (ORR) assessed using
RECIST v1.1 (P2). Ninety-three patients enrolled in P1 (n ¼ 47:
HER2þ gastric cancer ¼ 22, HER2þ breast cancer ¼ 25) and P2
[n ¼ 46: HER2þ breast cancer ¼ 19, hormone receptor (HR)þ

HER2-low breast cancer¼ 27] received PF-06804103. Four patients
(3.0- and 4.0-mg/kg groups, n ¼ 2 each) had DLTs (mostly Grade
3). Safety and efficacy results showed a dose–response relation-
ship. Adverse events (AE) leading to treatment discontinuation
(44/93, 47.3%) included neuropathy (11/93, 11.8%), skin toxicity
(9/93, 9.7%), myalgia (5/93, 5.4%), keratitis (3/93, 3.2%), and
arthralgia (2/93, 2.2%). Two (2/79, 2.5%) patients (P1, 4.0- and
5.0-mg/kg groups, n ¼ 1 each) achieved complete response;
21 (21/79, 26.6%) achieved partial response. In P2, ORR was
higher in HER2þ compared with HRþ HER2-low breast cancer
[3.0mg/kg: 16.7% (2/12) vs. 10.0% (1/10); 4.0 mg/kg: 47.4% (9/19)
vs. 27.3% (3/11)]. PF-06804103 demonstrated antitumor activity;
however, AEs led to discontinuation in 47.3% of patients. Safety
and efficacy were dose-dependent.

Introduction
Aberrant activation of receptor tyrosine kinaseHER2 has been impli-

cated in tumorigenesis and a driving factor in cancer progression (1–3).
HER2 amplification/overexpression in breast and gastric cancers was
associated with decreased survival and clinicopathologic features of
tumor progression (4, 5). After failure of approved therapies, HER2-
expressing cancers constitute an unmet clinical need (6, 7).

Antibody–drug conjugates (ADC) are a class of drugs using anti-
bodies specifically targeting tumor-associated antigens as vehicles to
deliver covalently attached small-molecule toxins into cancer
cells (8, 9). Experience in ado-trastuzumab emtansine (T-DM1), an
ADC for the treatment of HER2-positive breast cancer (10–12),
showed that in spite of its activity, intrinsic and acquired resistance
to T-DM1 remains amajor challenge, and further, its activity is limited

in tumors expressing low levels of HER2. A second ADC, trastuzumab
deruxtecan (T-DXd), has been approved more recently (13, 14). T-
DXd is now considered the second-line agent of choice for patients
with unresectable ormetastatic HER2-positive (HER2 IHC 3þ or IHC
2þ/ISHþ) and HER2-low (HER2 expression is IHC 1þ or IHC 2þ/
ISH�) breast cancer, locally advanced or metastatic HER2-positive
gastric or gastroesophageal junction adenocarcinoma and unresect-
able ormetastatic non–small cell lung cancer (NSCLC) with activating
HER2 (ERBB2) mutations (13). Bystander activity is a key attribute
engineered into the designs of a new generation of anti-HER2 ADC,
such as T-DXd, that is beneficial in treating tumors with HER2
heterogeneity not responsive to T-DM1 (15).

PF-06804103 is an anti-HER2 immunoglobulin G1 ADC comprising
an anti-HER2 mAb (trastuzumab) conjugated to the cytotoxic agent
Aur0101 at specifically engineered reactive cysteine sites, allowing for
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a near homogeneous (drug–antibody ratio ¼ 4) ADC preparation.
PF-06804103 uses at least two differentmechanisms of action. The prim-
ary mechanism is the targeted delivery of the cytotoxic anti-microtubule
auristatin payload to HER2-positive, or HER2-low–expressing cells.
An additional mechanism of action is the inhibition of HER2-mediated
signaling by trastuzumab in HER2-expressing cancer cells (16).

Significant tumor growth control has been observed in PF-
06804103 preclinical studies using various tumor models, including
breast cancer and gastric and gastroesophageal cancer (GC) with
HER2-low. In HER2-expressing patient-derived xenografts, PF-
06804103 showed efficacy in mice with tumors expressing low to
moderate levels of HER2 (17). These findings indicated that PF-
06804103 may have the potential to provide therapeutic benefit to
patients with HER2-low expressing tumors.

This phase 1 study (NCT03284723) of PF-06804103 was carried out
in adult patients with HER2-positive and HER2-low breast cancer and
HER2-positive GC to characterize the dose-limiting toxicity (DLT),
assess the safety and tolerability, determine the recommended phase 2
dose as monotherapy, and investigate preliminary antitumor activity
of PF-06804103. To identify patients with lower levels ofHER2 protein
who might respond to PF-06804103, patients with tumors expressing
HER2 IHC 1þ and HER IHC 2þ/ISH� were included and patients
with HER2 IHC 0 tumors were excluded. This study was conducted in
two parts, dose escalation and dose expansion.

Materials and Methods
This study was conducted in accordance with the protocol, legal and

regulatory requirements, and general principles set forth in the
International Ethical Guidelines for Biomedical Research Involving
Human Subjects (Council for International Organizations of Medical
Sciences 2002), International Council onHarmonizationGuideline for
Good Clinical Practice and the Declaration of Helsinki. The protocol
was approved by the Institutional Review Board or Ethics Committee
of study centers. All patients provided written informed consent.

Study design
This was a phase 1, open-label, multicenter, multiple-dose, safety,

pharmacokinetic (PK), and pharmacodynamics study investigating
PF-06804103 in adult patients with HER2-positive solid tumors [breast
cancer and GC (Part 1A only) and in patients with hormone receptor
(HR)–positive HER2 IHC 1þ or IHC 2þ/ISH� (HRþ HER2-low)]
breast cancer (Supplementary Fig. S1). This study was planned to have a
dose-escalation portion (Parts 1A and 1B) and a dose-expansion portion
(Parts 2A and 2B); PF-06804103 was to be investigated as monotherapy
in Parts 1A and 2A, and as part of a combination-treatment regimen
in Parts 1B and 2B. The study started onNovember 1, 2017, and patients
were enrolled at 21 study centers in 6 countries. On February 10, 2021,
the study sponsor decided to terminate the study due to strategic
consideration. The study was completed on August 31, 2021.

Dose escalation of PF-06804103 was performed using a modified
toxicity probability interval (mTPI) design (18, 19). In Part 1A,
patients with HER2-positive breast cancer or HER2-positive GC
received PF-06804103 (intravenously) at 0.15, 0.5, 1.2, 2.0, 3.0, 4.0 or
5.0mg/kg once every 3weeks (Q3W) in a 21-day cycle to determine the
dose level of PF-06804103 for Part 2A. Because of early termination,
Part 1B only included two postmenopausal women with HRþHER2-
low breast cancer who received study treatment, that is, PF-06804103
(IV) at 2.0 mg/kg once every 2 weeks in a 28-day cycle in combination
with oral palbociclib and letrozole (Supplementary File S1).

For the dose-expansion part, the combination regimen planned for
Part 2Bwas not tested as Part 2Bwas not initiated as a result of the early

termination decision, whereas PF-06804103 monotherapy was inves-
tigated in Part 2A. In Part 2A, patients with HER2-positive breast
cancer in third-line therapy setting and those with HRþ HER2-low
breast cancer in second-line therapy setting received PF-06804103 3.0
or 4.0 mg/kg administered as monotherapy Q3W.

Treatment with PF-06804103 continued until disease progression,
patient withdrawal of consent or occurrence of unacceptable toxicity
occurs, whichever occurred first, unless the investigator and medical
monitor agreed to treatment beyond progression based on individual
benefit/risk assessments.

Patients
Inclusion criteria

Eligible patients were: Adult male (Part 1A only) or female patients
ages ≥18 years (≥19 years where required by local regulations);
histologically or cytologically confirmed advanced/unresectable or
metastatic HER2-positive breast cancer or GC (Part 1A only) that
was refractory to or intolerable with standard therapy or for which no
standard therapy was available; Eastern Cooperative Oncology Group
performance status (ECOG PS) 0 or 1; adequate bone marrow
function, renal function and liver function; resolution of acute effects
of any prior therapy; and not pregnant at screening.

Patients in Part 1A were also required to have hemoglobin-adjusted
diffusing capacity for carbon monoxide (DLCO) ≥60% and documen-
tation of HER2 IHC 3þ or ISHþ status. For Part 2A, the additional
inclusion criteria were documentation of HER2 IHC 3þ or ISHþ
status and HER2 IHC 1þ or IHC 2þ/ISH� status (having progressed
on ≥1 prior systemic therapy, including a hormonal-based regimen
and histologically or cytologically confirmed diagnosis of estrogen
receptor-positive or progesterone receptor-positive breast cancer) that
was advanced/unresectable or metastatic; ≥1 measurable lesion with-
out previous irradiation, as defined by the RECIST version 1.1; and
with archival or fresh tumor biopsy sample for retrospective assess-
ment for HER2 expression.

Exclusion criteria
The key exclusion criteria included: HER2 IHC 0; symptomatic

brain metastases requiring steroid treatment; radiotherapy within
4 weeks, hormonal therapy <7 days, or trastuzumab, trastuzumab
emtansine, or pertuzumab therapy and/or lapatinib <21 days before
registration; systemic anticancer therapy within 4 weeks before study
entry;Grade 3 hypersensitivity reaction to prior receipt of any antibody
therapy; previous high-dose chemotherapy requiring stem cell rescue;
prior irradiation to >25% of the bone marrow; history of intolerance,
including Grade 3 infusion reaction or hypersensitivity to trastuzu-
mab, murine proteins, or docetaxel/paclitaxel or known or suspected
hypersensitivity to recombinant human or murine proteins; and
participation in other studies involving investigational drugs within
30 days, 5 half-lives or twice the duration of the biological effect of
the investigational drug (whichever was longer) before study entry.

Endpoints and assessments
Endpoints

The primary endpoints for Part 1 were DLTs in the first cycle and
safety findings, including adverse events (AE), serious AEs (SAE), and
clinically meaningful abnormalities in laboratory values and vital
signs. For Part 2, the primary endpoints were objective response (OR)
assessed using RECIST version 1.1, and time-to-event endpoints such
as duration of response (DoR) and progression-free survival (PFS).

Secondary endpoints included PK parameters of PF-06804103 ADC,
total antibody, and unconjugated payload (PF-06380101) at single dose
and multiple doses; incidence and titers of antidrug–antibody (ADA)
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and neutralizing antibody (NAb) against PF-06804103; OR rate
(ORR), time to response, DoR, PFS, and time-to-progression for
Part 1; and HER2 expression levels in pretreatment tumor biopsies
using IHC and ISH.

Exploratory endpoints included HER2 expression levels using IHC
and ISH, and soluble HER2 levels in the blood.

Assessments
Study visits were scheduled for screening/baseline; Days 1, 4, 8, and

15 of Cycles 1 and 4; Days 1, 8, and 15 of Cycles 2, 3, 5, and subsequent
cycles; end of treatment (EOT); and follow-up visit.

Safety assessments included the type, incidence, severity [graded by
the National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE) version 4.03], timing, seriousness, and
relatedness of assessment of AEs. Hematology and blood chemistry
samples, and physical examination, including vital signs and assess-
ment of ECOG PS, triplicate 12-lead electrocardiogram (ECG; with a
10-second rhythm strip) tracing, were collected at certain study visits.
ECG (recorded before PK samples were obtained) or multigated
acquisition scan were carried out on screening/baseline; Day 1 of
Cycles 3, 6, and every 3 cycles thereafter; and EOT.

Tumor response was assessed using RECIST version 1.1. Radio-
logical tumor assessments with CT or MRI scans, bone scan, and/or
bone x-rays for all known or suspected disease sites were conducted at
baseline, every 6 weeks (Part 1A and 2A) starting at Cycle 3 during
treatment until disease progression was suspected (e.g., symptomatic
deterioration), and EOT (if no radiological assessment in the previous
6 weeks).

PK, immunogenicity, biomarker, and pharmacodynamic assess-
ments were also performed. Blood samples for PF-06804103, total
antibody, and unconjugated payload (PF-06380101) PKwere collected
at pre-dose, 1 and 4 hours post-dose on Day 1; Days 2 (i.e., 24 hours
post-dose), 4, 8 (Part 1A only on these 3 days), and 15 of Cycles 1 and 4;
pre-dose and 1-hour post-dose on Day 1 of Cycles 2 and 3, and every
cycle after Cycle 4; and EOT. Blood samples for soluble HER2 were
collected at the same time points as for PK except 1-hour post-dose on
Day 1 of Cycles 2 and 3, and every cycle after Cycle 4. Blood samples for
immunogenicity of PF-06804103 (ADA and NAb against PF-
06804103) were collected at pre-dose of Day 1 of each cycle, Day
15 of Cycle 1, and EOT.

For Part 1, tumor biopsy at pretreatment (screening) and on Day 1
of Cycle 3 (�5 days) was optional. For Part 2, a mandatory pretreat-
ment biopsy (archived sample acceptable if no anti-HER2 treatment
between sample collection and study start) was carried out for all
patients at screening. In Part 2, a mandatory on-treatment biopsy was
collected at Day 1 Cycle 3 (�5 days) from up to 10 patients in each arm
to obtain paired pretreatment and on-treatment biopsies. Bone biop-
sies, cytological specimens, and fine-needle aspiration samples were
excluded. Biopsy samples were also used to assess HER2 expression.

Details of the primary diagnosis and treatment history were col-
lectedwithin 28 days before the start of treatment. Pastmedical history,
concurrent illness, and concomitant medications were collected.

Statistical analysis
AnmTPI design (18, 19) was used for Part 1 dose escalation, which

targeted a DLT rate of approximately 27.5% with an equivalence
interval of 22.5%–32.5% using a Bayesian statistics framework with
the prior distribution of DLT rate set as a beta (0.5–0.5).

Analysis sets included the full analysis set (all enrolled), the safety
analysis set (received ≥1 dose of treatment), the DLT-evaluable set
(received ≥1 dose of treatment without major treatment deviations

during the DLT observation period), the modified intent-to-treat
population (received ≥1 dose of treatment with baseline assessment
and ≥1 post baseline assessment, disease progression or death before
the first tumor assessment), the PK parameter analysis population
(received ≥1 dose of treatment, had ≥1 of the PK parameters and had
no major protocol deviations influencing the PK assessment), the
immunogenicity analysis set (received≥1 dose of treatment andhad≥1
ADA sample collected), the biomarker analysis population (with ≥1 of
the biomarkers evaluated at pre- and/or post-dose), and the soluble
HER2 concentration analysis set (a subset of the biomarker analysis
set, including those who had ≥1 soluble HER2 concentration above the
lower limit of quantification).

Concentrations of PF-06804103, total antibody, and unconjugated
payload (PF-06380101) were measured using validated methods. PK
parameters were determined from the respective concentration–time
data using standard noncompartmental methods. Findings were
summarized with descriptive statistics by dose and cycle. For immu-
nogenicity, the percentage of patients with positive ADA and NAb
were summarized by the dosing group. The time of onset of ADA or
NAb response were described previously.

The occurrence of DLTs observed in the dosing cohorts was
described and used to estimate the MTD. AEs were graded by the
investigator according to the CTCAE version 4.03 and coded using the
Medical Dictionary for Regulatory Activities (MedDRA) v24.1. The
number and percentage of patients who experienced any AE, SAE,
treatment-related AE (TRAE), and treatment-related SAE were
summarized.

The ORR, PFS, DoR, duration of treatment, and best percentage of
change from baseline in sum of diameters for target lesions were
assessed.

Availability of data
Upon request, and subject to review, Pfizer will provide the data that

support the findings of this study. Subject to certain criteria, condi-
tions, and exceptions, Pfizer may also provide access to the related
individual de-identified participant data. See https://www.pfizer.com/
science/clinical-trials/trial-data-and-results for more information.

Results
Patients

A total of 93 patients enrolled in Parts 1A (n¼ 47:HER2þGC¼ 22,
HER2þ breast cancer¼ 25) and 2A (n¼ 46: HER2þ breast cancer¼
19, HRþ HER2-low breast cancer ¼ 27) received various doses of
PF-06804103 (Supplementary Fig. S1, Table 1). In Part 1B, 2 patients
with HRþ HER2-low breast cancer were enrolled and received
PF-06804103 2.0 mg/kg in combination with palbociclib and letro-
zole. Findings of Part 1B are presented in the Supplementary File S1
and not included in the overall analysis. No patients were enrolled
in Part 2B.

Part 1A enrolled 18male patients, and the remaining 75 (in Parts 1A
and 2A) were female patients. The mean (standard deviation) and
median (range) age was 55.6 (11.3) and 58.0 (32–74) years for Part 1A,
and 53.5 (10.3) and 52.5 (38–77) years for Part 2A, respectively. Most
patients were White (62/93, 66.7%). All 93 patients received ≥1
regimen of prior cancer therapies; the median (range) number of
regimens was 6.0 (1.0–18.0). Seventy-three (78.5%) patients (Parts 1A,
n ¼ 47; Part 2A, n ¼ 26) received prior HER2-targeted antibody
therapy; all 73 (78.5%) received trastuzumab, 30 (32.3%) received
pertuzumab, 41 (44.1%) received T-DM1, and none received trastu-
zumab deruxtecan (fam-trastuzumab deruxtecan-nxki, DS-8201a). Of
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27 patients with HRþHER2-low breast cancer in Part 2A, 20 (74.1%)
did not have prior HER2-targeted antibody therapy, 7 had prior
HER2-targeted therapy (all received trastuzumab, 2 received pertu-
zumab, 3 received T-DM1). Of 13 patients withHER2þGC in Part 1A
who received PF-06804103 3.0 or 4.0 mg/kg, 1 received pertuzumab
and none received T-DM1. PriorHER2-targeted small-molecule drugs
were used in 28 (30.1%) patients, 27 (29.0%) received lapatinib, 2
(2.2%) received tucatinib, none of whom had HER2þ GC (Table 1).

All patients discontinued PF-06804103. The main reasons for
discontinuation were AEs (44/93, 47.3%) and progressive disease
(35/93, 37.6%). In total, 56 (56/93, 60.2%) patients completed the
follow-up phase.

Safety
Exposure

The median (range) duration of treatment for all patients in Parts
1A and 2A was 16.0 (3.0–89.3) and 12.0 (3.0–49.4) weeks, and the
mean relative dose intensity was 88.5% and 86.0%, respectively. For all
patients, the median (range) duration of PF-06804103 treatment was
13.0 (3.0–89.3) weeks and the actual dose intensity was 3.0 (0.1–5.0)
mg/kg/cycle (1 cycle ¼ 3 weeks; Supplementary Fig. S2). In Parts 1A
and 2A, 21 (44.7%) and 20 (43.5%) patients had dose delays, most
(93.6% and 93.5%) did not skip treatment cycle, whereas 19 (40.4%)
and 26 (56.5%) had dose reductions.

DLTs
In Part 1A, 4 patients experienced DLTs. Two patients received PF-

06804103 3.0 mg/kg, one had Grade 3 non-serious TRAE of arthralgia
andGrade 3 serious TRAEof neuralgia; the second patient hadGrade 3
treatment-related musculoskeletal pain, which was associated with
drug withdrawal. Two patients were in the PF-06804103 4.0 mg/kg
group, one had Grade 2 treatment-related ejection fraction decreased
and the other had Grade 3 TRAEs of arthralgia, myalgia, and fatigue.
All DLTs were resolved.

AEs
All 93 (100%) patients had all-causality treatment-emergent AEs. In

Parts 1A and 2A, 2 (4.3%) and 5 (10.9%) patients discontinued from
study due to AEs, and 12 (25.5%) and 26 (56.5%) discontinued study
drug due to AEs. SAEs were reported in 38 (40.9%) patients, of whom,
19 (20.4%) had serious TRAEs. The incidences of SAEs were generally
higher in PF-06804103 ≥3.0 mg/kg groups in Part 1A and comparable
across different populations in Part 2A.

Eighty-seven (93.5%) patients had TRAEs, the most frequently
reported (≥30%) TRAEs were alopecia (n ¼ 42 [45.2%], Grades 1 or
2 for all), fatigue (n ¼ 32 [34.4%], Grade 3 in 7), peripheral sensory
neuropathy [n ¼ 29 (31.2%), Grade 1 in 11, Grade 2 in 13, Grade 3 in
5], andmyalgia [n¼ 28 (30.1%), Grade 3 in 3;Table 2; Supplementary
Table S1]. Grade 3 and 4 TRAEs were reported in 43 (46.2%) and
2 (2.2%) patients. One patient in Part 1A receiving PF-06804103
5.0 mg/kg had Grade 4 neutropenia and one patient with HER2þ
breast cancer in Part 2A PF-06804103 4.0 mg/kg group had Grade 4
increased amylase and lipase. No Grade 5 TRAE was reported
(Table 2; Supplementary Table S1).

Twenty-six (28.0%) patients experienced arthralgia, of whom, 22
(23.7%) had treatment-related arthralgia, and 2 (2.2%) resulted in drug
withdrawal. The median onset of arthralgia was 3–70.5 days in
different dose groups. Myalgia (including preferred terms of muscular
weakness, musculoskeletal pain, myalgia, tendonitis, and musculo-
skeletal discomfort) was seen in 38 (40.9%) patients, 36 (38.7%) of
whom were treatment-related, and 5 (5.4%) led to drug withdrawal.

The median onset of myalgia was 5–166 days across groups. Neurop-
athy (including preferred terms of neuralgia, neuropathy peripheral,
peripheral motor neuropathy, peripheral sensory neuropathy, and
dysesthesia) was reported in 52 (55.9%) patients, 51 (54.8%) were
treatment-related, and 11 (11.8%) led to drug withdrawal. Among all
dose groups, themedian onset of myalgia was 9–133.5 days. Sixty-four
(68.8%) patients experienced skin toxicity (including AEs with high
level group terms of epidermal and dermal conditions, pigmentation
disorders, skin and subcutaneous tissue disorders NEC [not elsewhere
classified] and skin appendage conditions; or high level term of acnes;
or preferred terms of blepharitis, eyelid rash, cellulitis, rash pustular,
skin infection, blister infected, injection site rash, infusion site ulcer,
and lichenoid keratosis), 58 (62.4%) were treatment-related, and 8
(8.6%) led to drug withdrawal. The median onset of skin toxicity
ranged 3.5–166 days across all dose groups. Nine (9.7%) participants
experienced keratitis (including preferred terms of keratopathy and
keratitis), all were treatment-related, and 3 (3.2%) led to drug with-
drawal (all 3 patients were in Part 2A and received PF-06804103
4.0 mg/kg, 1 with HER2þ breast cancer had Grade 1 keratopathy, 1
with HER2þ breast cancer had Grade 2 keratopathy, and 1 with HRþ
HER2-low breast cancer had Grade 2 keratitis). The median onset of
keratitis was 26–65 days across dose groups. Most of the events of
arthralgia, myalgia, neuropathy, skin toxicity, and keratitis were Grade
1 or 2.

In addition, 4 (4.3%) patients (all in Part 2A with HRþ HER2-low
breast cancer) had QTcF >500 msec. No trend of clinically significant
changes was observed in laboratory results.

Deaths
Eight (8.6%) deaths were recorded. One patient with HRþ HER2-

low breast cancer in Part 2A who received 1 dose of PF-06804103
3.0mg/kg died due to nontreatment-related disease progressionwithin
28 days after dosing. All other 7 deaths were due to disease progression
and occurred beyond 28 days after last dose.

Clinical efficacy
A total of 79 patients (43 in Part 1A, 36 in Part 2A) were

evaluable for OR (Table 3). Best changes from baseline in the
target lesions are shown in Fig. 1. Two (2/79, 2.5%) patients
achieved complete response (CR), both were in Part 1A, one
received PF-06804103 4.0 mg/kg and the other received PF-
06804103 5.0 mg/kg. Twenty-one (21/79, 26.6%) patients achieved
partial response (PR) as their best response, 11 of whom were in
Part 1A (11/43, 25.6%) and 10 in Part 2A (10/36, 27.8%). In Part 1A,
higher proportion of patients achieved OR (CR plus PR) in the PF-
06804103 4.0 mg/kg group (6/14, 42.9%) versus 3.0 mg/kg group (3/
14, 21.4%). In Part 2A, 2 of 14 (14.3%) and 8 of 22 (36.4%) patients
treated with PF-06804103 3.0 and 4.0 mg/kg achieved PR. In
patients with breast cancer enrolled in Parts 1A and 2A, 22 patients
received PF-06804103 3.0 mg/kg, of whom, 2 of 12 (16.7%) with
HER2þ breast cancer and 1 of 10 (10.0%) with HRþ HER2-low
breast cancer achieved OR; 30 patients received PF-06804103
4.0 mg/kg, of whom, 9 of 19 (47.4%) with HER2þ breast cancer
and 3 of 11 (27.3%) with HRþ HER2-low breast cancer achieved
OR (Table 3; Supplementary Fig. S2).

Twenty-three patients in Parts 1A and 2A with confirmed CR or
PR were assessed for DoR (Supplementary Fig. S3). In Part 1A, the
median DoR was 7.6 months in 3 responders with GC, and
7.0 months in 5 responders with breast cancer. In Part 2A, median
DoR was 2.9 months in 2 responders with HER2þ breast cancer,
and 4.4 months in 2 responders with HRþHER2-low breast cancer.
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Among the 93 patients in Parts 1A and 2A, 45 (48.4%) had an event
of disease progression. The estimated median PFS was 5.5 (95% CI,
4.2–7.0) months.

Other analysis
PK

PK parameters of PF-06804103, total antibody, and unconjugated
payload (PF-06380101) are summarized in Table 4; Supplementary
Table S2. Serum concentration–time profiles of the three analytes are
presented in Fig. 2. Following a 1-hour intravenous infusion of PF-
06804103 administered Q3W at doses ranging from 0.15 to 5.0 mg/kg
in patients with advanced solid tumors, serum concentrations of PF-
06804103 ADC exhibited a multi-phasic decline following attainment
of maximum serum concentration (Cmax). Arithmetic mean half-life
(t1/2) ranged 4–5 days at dose levels ≥3.0 mg/kg. Exposure based on
geometric mean area under the serum concentration–time curve
(AUC), AUC from time 0 to infinity (AUCinf; Cycle 1) and to end
of the dosing period (AUCtau; Cycle 4), and Cmax increased in a
dose-dependent manner across the dose range following single and
multiple dosing. The mean clearance (CL) was 0.017–0.021 L/h at
dose levels ≥2.0 mg/kg, and lower dose levels showed generally
higher CL. Mean volume of distribution at steady-state (Vss) where
evaluable was 3.037–3.467 L, indicating that distribution of PF-
06804103 ADC was mainly limited to the vascular compartment.
Drug accumulation was minimal following repeated dosing with
mean Rac values ≤1.16. Inter-participant variability for PF-
06804103 ADC exposure was moderate with coefficient of variation
ranging from 11% to 38% for AUCinf (Cycle 1), 23% to 33% for
AUCtau (Cycle 4), and 7% to 29% for Cmax.

For total antibody, serum concentrations exhibited a multi-phasic
decline following attainment of Cmax, t1/2 was 4–6 days for doses
≥3.0 mg/kg, mean CL was 0.015–0.020 L/h at doses ≥2.0 mg/kg, mean
Vss was 2.180–3.520 L, mean Rac was ≤1.12, and the inter-participant
variability was 38%–62% for AUCinf (Cycle 1), 18%–32% for AUCtau

(Cycle 4), and 9%–34% for Cmax.
For unconjugated payload (PF-06380101), serum concentrations

exhibited a multiphasic decline following attainment of Cmax with the
median time to Cmax 3–6 days; mean t1/2 was 4–6 days for doses
≥3.0 mg/kg, suggesting linker cleavage is the rate limiting step for
payload disposition; the exposure increased in a generally dose-
dependent manner following single and multiple dosing; Rac was
≤1.08; and the inter-participant variability was 43%–83% for AUCinf

(Cycle 1), 19%–124% for AUCtau (Cycle 4), and 15%–108% for Cmax.

Biomarkers
All patients had HER2 assessment from their pathological reports

(Supplementary Table S3). Of the 91 patients included in the
biomarker analysis population, 67.0% (61/91) of patients were
HER2-positive before enrollment based on diagnostic IHC and/or
fluorescence ISH testing. For 10 patients, samples were collected on
Cycle 3 Day 1 and analyzed for post-treatment HER2 expression,
and HER2 expression status did not change from screening. The
serum soluble HER2 levels were mostly below baseline at Cycle 4
with PF-06804103 treatment. No clear relationship between base-
line soluble HER2 and PF-06804103 exposure was identified.

Immunogenicity
Among 86 patients from Parts 1A and 2A who were evaluable for

ADA or NAb, 6 (7.0%) were ADA-positive at baseline, 2 (2.3%) of
whom were NAb-positive; 16 (18.6%) were positive for treatment-
induced ADA post-treatment, 4 (4.7%) of whom tested NAb-positiveTa
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Figure 1.

Waterfall plot for best the percentage of change from baseline in sum of diameters for target lesions based on investigator assessment (the full analysis set). A,
Individual patients in Part 1. B, Individual patients in Part 2. BC, breast cancer; CR, complete response; HER2, human epidermal growth factor receptor 2; HR, human
receptor; NE, not evaluable/indeterminate; PD, progressive disease; PR, partial response; SD, stable disease.
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(Supplementary Table S4). The overall mean onset of ADA incidences
was approximately 6weeks post-treatment. The onset time ofNAbwas
15, 42, 77, and 105 days for each of the 4 NAb-positive participants.
With the limited sample size, there was no consistent trend between
ADA status and Cycle 4 pre-dose PF-06804103 concentrations. The
presence of ADA did not appear to be associated with hypersensitivity
or infusion reactions.

Discussion
For PF-06804103, there was in general a strong trend for a dose–

response relationship for both safety and efficacy. The 3.0-mg/kg dose

was better tolerated but appeared less efficacious and was vice versa for
4.0-mg/kg dose in both HER2þ breast cancer and HRþ HER2-low
breast cancer. Notable AEs leading to study treatment discontinuation
included skin toxicity, neuropathy, myalgia, and arthralgia. Peripheral
neuropathy is a common TRAE for ADC therapies that is related to
ADCexposure and duration of treatment (20, 21). In the current study,
the incidence of treatment-related peripheral sensory neuropathy was
31.6%, and no clear trend was seen with the dosage of PF-06804103.
The toxicity profile of PF-06804103 differentiates it from the other
ADCs having different constructs or payloads (22).

PF-06804103 PK properties were measured in three analytes,
including PF-06804103 ADC, total antibody, and PF-06380101
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Figure 2.

PK profiles of PF-06804103 ADC, total antibody, and unconjugated payload (PF-06380101; the PK parameter analysis population). ADC, antibody–drug conjugate;
PK, pharmacokinetic.
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unconjugated payload. The exposure of all three analytes increased
generally in a dose-dependent manner with minimal dose
accumulation, and the inter-participant variability was moderate.
Only observations in the study population were reported; exposure–
response comparison with other molecules was not conducted.
Among all evaluable patients, 20% were positive for ADA post-
treatment and 5% tested positive for NAb. All ADA and
NAb cases were treatment-induced. No clear relationship between
ADA status and exposure was found on the basis of our preliminary
analysis.

There were four patients with DLT in the PF-06804103 3.0 mg/kg
(arthralgia and neuralgia in one patient, musculoskeletal pain in
another) and 4.0 mg/kg (ejection fraction decreased in one; arthral-
gia, myalgia, and fatigue in another) dosing groups. An MTD was
not reached on the basis of the DLT criteria; 3.0 mg/kg lacked a
relative degree of activity and 5.0 mg/kg was determined to be
intolerable, although no DLTs were reported at 5.0 mg/kg dosing.
Therefore, 4.0 mg/kg was initially selected to be the Part 2 dose, with
flexibility in the protocol to reduce to a lower dose (e.g., 3.0 mg/kg)
if the observed toxicity of 4.0 mg/kg was determined to be too high.
As the trial enrolled, a data-driven decision was made to explore
both 3.0 and 4.0 mg/kg PF-06804103 doses in Part 2.

Compared with other ADCs approved for these indica-
tions (9, 23), PF-06804103 showed potential for improvement in
efficacy that needed to be balanced with overall treatment benefit.
In this study, the longest DoR observed was 18.9 months in one
patient with HER2þ breast cancer who received 3.0 mg/kg PF-
06804103, whereas the median (range) DoR was 7.0 (2.4–18.7)
months for five confirmed responders receiving 4.0 mg/kg PF-
06804103. Furthermore, in Part 2A, a higher percentage of patients
in the 4.0-mg/kg dose group achieved OR than in the 3.0-mg/kg
dose group for both HER2þ breast cancer and HRþ HER2-low
breast cancer. At equivalent dose level, the ORR was higher in
HER2þ breast cancer than HRþ HER2-low breast cancer [16.7%
(2/12) vs. 10.0% (1/10) at PF-06804103 3.0 mg/kg; 47.4% (9/19) vs.
27.3% (3/11) at PF-06804103 4.0 mg/kg]. This may be partly
attributable to higher HER2 receptor expression on HER2þ breast
cancer tumors that allows greater binding of PF-06804103 and
therefore killing of cancer cells.

There is great interest in extending the benefit of HER2-targeted
therapies to HER2-low patients. Indeed T-DXd has shown striking
activity inHER2-low breast cancer, leading to its approval by the FDA.
Furthermore, disitamab vedotin (RC48), another HER2 ADC with an
anti-tubulin (monomethyl auristatin E, MMAE) payload has been
reported to have antitumor activity in HER2-low patients (24). In our
study, response to PF-06804103 was observed in patients with HER2-
low breast cancer in this study. HER2þ is commonly defined by
current clinical practice as HER2 IHC 3þ or 2þ/ISHþ. HER2
expression in the patients in the HER2-low population was analyzed
retrospectively using a novel, more sensitive IHC assay with the ability
to detect a more granular expression level of HER2. As this new assay
detected expression levels ofHER2 that the IHC assay could not detect,
further analysis is needed to confirm the responses for the HER2-low
population.

The study included a relatively well-sized group of patients with
HER2þ breast cancer who received 4.0 mg/kg PF-06804103 in Parts
1A and 2A. The ORR observed in Part 1A appeared better than in
Part 2A. PF-06804103 4.0 mg/kg showed very encouraging efficacy
in this heavily pretreated breast cancer population, that is, who had
been treated with >2 prior anti-microtubule agents (same mecha-
nism of action as PF-06804103 payload). However, this was limited

by poor tolerability with TRAEs, resulting in shorter duration of
treatment and possibly impacting PFS.

Despite the prevailing dogma that ADCs increase the MTD of
potent cytotoxin payloads while lowering the minimum effective
dose, mounting clinical evidence argues that AEs are a major
limitation in ADC development (25). PF-06894103 is a drug–
antibody ratio (DAR) of 4, site-specific conjugate of the Aur0101
linker payload, which displayed a significant improvement in
therapeutic index compared with a conventional HER2–vc0101
conjugate, in exploratory toxicity studies in Sprague–Dawley rats
and cynomolgus monkeys (16). Compared with HER2–vc0101
conjugate, PF-06894103 had almost a doubling of the highest
clinically tolerated dose in cynomolgus monkeys, longer half-life,
and higher exposure rates, but with reduction in neutropenia as off-
target toxicity. Although in our clinical trial, bone marrow toxicity
was not a major limitation, several other AEs leading to study
treatment discontinuation occurred, including skin toxicity, neu-
ropathy, myalgia, and arthralgia. This highlights a limitation of
preclinical data to predict clinical safety of ADCs.

In Part 1A, PF-06804103 also demonstrated a high potential for
treatment benefits in gastric/gastroesophageal cancer. Future devel-
opment of PF-06804103 in the tested indications and other solid
tumors, including NSCLC, may consider threading a balance between
its superiority in tumor ORR balanced with selecting the right patient
population, combination partner, and adhering to data or model
driven dose modification strategies for early management of drug-
related AEs. Such a strategy may include taking advantage of the likely
absence of a pneumonitis risk and targeting a patient population with
no or less heavily pretreated anti-microtubulin or neuropathy-causing
agents.

Over the course of our study, multiple additional HER2-targeted
therapies advanced in clinical development. Of these, the most notable
is T-DXd, a mAb with a cleavable linker. T-DXd is different from PF-
06804103 also because of its higher DAR (DAR of 8 vs. DAR of 4).
Furthermore, PF-06804103 has an anti-tubulin agent payload
Aur0101, whereas T-DXd has a different and quite potent payload,
topoisomerase inhibitor deruxtecan (DXd). Over the past few years, T-
DXd has shown compelling activity in not only HER2-positive breast
and gastric cancers, but also in HER2-low breast and HER2-mutant
lung cancers. Althoughwe have been able to show antitumor activity of
PF-06804103 in patients with HER2-positive breast cancer with prior
T-DM1 therapy, because of the timing of our study, none of our
patients had been treated with T-DXd. Therefore, we were unable to
determine the activity of PF-06804103 in patients with intrinsic or
acquired resistance to T-DXd.

In conclusion, PF-06804103 demonstrated clinical benefit and a
generally manageable toxicity profile in treating patients with
heavily pretreated HER2-expressing solid tumors and has the
potential to be successfully developed as monotherapy or in com-
bination, including with checkpoint inhibitors, in the right clinical
setting and applying data-driven dosing strategies. However, new
therapies are becoming available or under development for these
indications (13, 26–28). The study sponsor made a decision to
terminate the development of PF-06804103 to adapt to the chang-
ing treatment landscape.
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