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�
 ABSTRACT 

Purpose: 4-1BB (CD137) is a costimulatory immune receptor 
expressed on activated T cells, activated B cells, NK cells, and 
tumor-infiltrating lymphocytes, making it a promising target for 
cancer immunotherapy. Cinrebafusp alfa, a monoclonal antibody- 
like bispecific protein targeting HER2 and 4-1BB, aims to localize 
4-1BB activation to HER2-positive tumors. This study evaluated 
the safety, tolerability, and preliminary efficacy of cinrebafusp alfa 
in patients with previously treated HER2-positive malignancies. 

Patients and Methods: This was a multicenter dose-escalation 
study involving patients with HER2-positive malignancies who 
received prior treatment. The study assessed the safety and effi-
cacy of cinrebafusp alfa across various dose levels. Patients were 
assigned to different cohorts, and antitumor responses were 
evaluated. The study aimed to determine the MTD and to observe 
any clinical activity at different dose levels. 

Results: Of 40 evaluable patients in the “active dose” efficacy 
cohorts, five showed an antitumor response, resulting in an 
overall response rate of 12.5% and a disease-control rate of 52.5%. 
Clinical activity was observed at the 8 and 18 mg/kg dose levels, 
with confirmed objective response rates of 28.6% and 25.0%, 
respectively. Cinrebafusp alfa was safe and tolerable, with 
grade ≤2 infusion-related reactions being the most frequent 
treatment-related adverse event. MTD was not reached during 
the study. 

Conclusions: Cinrebafusp alfa demonstrates promising activ-
ity in patients with HER2-positive malignancies who have pro-
gressed on prior HER2-targeting regimens. Its acceptable safety 
profile suggests it could be a treatment option for patients not 
responding to existing HER2-directed therapies. 

See related commentary by Eguren-Santamaŕıa et al., p. 231 

Introduction 
The use of an immune checkpoint inhibitor (CPI) against T cell 

targets such as programmed cell death protein 1 (PD1), PDL1, and 
cytotoxic T lymphocyte–associated protein 4 (CTLA-4) has become 
a corner stone of cancer therapy in multiple indications, based on 
their ability to elicit durable clinical benefit (1, 2). Despite the 
emergence of CPIs, the majority of patients with cancer do not 
respond to or eventually become resistant to treatment (3). 4-1BB 
(CD137 and TNFRSF9) is a costimulatory receptor, expressed on 
both adaptive and innate immune cells including activated CD8+ 

T cells and NK cells (4). Costimulation of 4-1BB increases T-cell 
effector function, such as cytokine release and cytotoxicity, as well as 
proliferation, survival, and memory formation (5, 6). 4-1BB ago-
nism can modulate the metabolic reprograming of T cells and 
reinvigorate chronically exhausted CD8+ tumor-infiltrating lym-
phocytes (7–10). 

The potential of 4-1BB costimulation has been extensively studied 
in preclinical models; however, demonstrating clinical utility of 4- 
1BB agonists has thus far proven challenging. Agonistic 4-1BB 
mAbs, such as urelumab and utomilumab, were clinically tested, but 
they did not advance to later stage clinical trials (11–13). Urelumab 
showed antitumor activity in phase I/II studies but was limited by 
hepatotoxicity, whereas utomilumab, a less potent agonist, dem-
onstrated limited activity (14–16). These clinical observations 
highlight the necessity to generate novel 4-1BB agonists, which can 
deliver potent pathway stimulation while avoiding systemic toxicity. 
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The HER2 (also known as ERBB2) pathway has been found to 
be amplified, mutated, or overexpressed in a broad range of 
cancers including breast, gastric, non–small cell lung cancer, 
bladder, and colorectal cancer, often leading to a more aggressive 
disease (17–23). HER2-targeted therapies based on receptor 
blocking antibodies, antibody drug conjugates, and small- 
molecule kinase inhibitors greatly improved outcome for pa-
tients with breast, gastric, and lung cancers (24–33). To date, no 
approved HER2-targeted therapies that take advantage of the 
innate and adaptive immune system exist. 

Cinrebafusp alfa (PRS-343) is a mAb-like bispecific protein tar-
geting HER2 and 4-1BB. It is designed to conditionally activate T 
and NK cells in HER2-positive tumor tissue via the 4-1BB pathway. 
Cinrebafusp alfa is generated by genetic fusion of a variant of the 
HER2-targeting antibody trastuzumab with an anticalin protein 
specific for 4-1BB using a silenced IgG4 isotype to avoid Fc- 
mediated immune cell engagement (34). Although cinrebafusp alfa 
maintains the potential to inhibit HER2 signaling, its engineered 
isotype prevents any antibody- or complement-dependent cell- 
mediated cytotoxicity tumor killing. The mode of action of this 
bispecific agent is to promote 4-1BB agonism via dual binding to 
HER2-positive tumor cells and adjacent 4-1BB-positive immune 
cells. The HER2-dependent mode of action of 4-1BB receptor 
clustering and agonism is designed to activate immune cells spe-
cifically in the tumor microenvironment, thus avoiding liver toxic-
ities observed with systemic 4-1BB agonists. 

Preclinical studies showed that cinrebafusp alfa co-stimulates 
T-cell activation in a HER2-dependent manner in a panel of cell 
lines with variable levels of HER2 expression. Also, Cinrebafusp alfa 
led to tumor growth inhibition and a significant increase in tumor- 
localized CD8+ T cells in a SK-OV-3 xenograft model (34). 

Taken together, the preclinical data strongly support the concept 
that tumor-localized costimulatory immune cell activation by cin-
rebafusp alfa can lead to an antitumor immune response against 
HER2-expressing cells with reduced systemic toxicity. A phase I 
dose-escalation study (NCT03330561) was conducted to assess the 
safety, tolerability, pharmacokinetics (PK), pharmacodynamics, and 
preliminary clinical activity of cinrebafusp alfa in patients with 
HER2-positive advanced or metastatic solid tumors. 

Patients and Methods 
Study design and treatment 

This was a multicenter, open-label, phase I dose-escalation study 
designed to determine the safety, MTD, and dosing schedule of 
cinrebafusp alfa in patients with HER2-positive advanced or meta-
static solid tumors. Cinrebafusp alfa was administered by intrave-
nous infusion over 2 hours at dose levels ranging from 0.0005 to 
18 mg/kg. In the absence of disease progression and prohibitive 
toxicity, patients were allowed to continue treatment and were 
continually assessed for evidence of acute and cumulative toxicity. 
Several treatment schedules were evaluated: Day 1 of a 21-day cycle 
(Q3W), Days 1 and 15 of a 28-day cycle (Q2W), and Days 1, 8, and 
15 of a 21-day cycle (QW). 

The dose levels, patient numbers, and treatment schedules are 
described in Supplementary Table S1. Cohorts representing 
cinrebafusp alfa doses of 0.0005 to 0.05 mg/kg were conducted as 
single patient, accelerated titration cohorts with potential ex-
pansion to two patients in the case of a grade 2 treatment-related 
adverse event (TREA), and potential expansion to a 3+3 design 
in the case of dose-limiting toxicity (DLT); once the cinrebafusp 
alfa dose of 0.15 mg/kg was reached, the study was prospectively 
planned to automatically convert to a modified 3+3 design, re-
gardless of the DLT status. Under the modified 3+3 design, at 
least 3 and up to 12 patients were initially enrolled in a given 
dose cohort, and observation of a DLT among any of these pa-
tients would prompt expansion to at least 6 evaluable patients. 
Next, to be evaluable for DLT, the patient was required to receive 
all planned doses of cinrebafusp alfa without modification in 
schedule or dose level and complete all safety assessments during 
Cycle 1. 

Adverse events were graded according to the NCI Common 
Terminology Criteria for Adverse Events version 4.03 guidelines. 
Dose escalation was based on the incidence of dose-limiting toxic-
ities during Cycle 1. The criteria for DLT were as follows: grade 4 
neutropenia lasting >7 days; grade 4 thrombocytopenia >7 days or 
grade 3/4 thrombocytopenia with clinically significant bleeding; 
febrile neutropenia defined as a fever of ≥38.0°C with or without 
clinically or microbiologically documented infection with absolute 
neutrophil count (ANC) <1.0 � 109/L; grade 3 hepatic toxicity; 
grade ≥3 nonhematologic, nonhepatic organ toxicity (alopecia, 
grade 3 nausea, vomiting or diarrhea that resolved within 3 days of 
treatment, grade 3 fatigue that resolved within 7 days, and grade 3 
tumor pain were not considered DLT). Furthermore, MTD was 
defined as the highest dose level that did not lead to DLT in >33% of 
patients in the first cycle of treatment (an MTD was not reached in 
this study). 

Patient population 
Adult patients (aged ≥18 years) with HER2-positive advanced 

solid tumors for which standard treatment options were not avail-
able, were no longer effective, were not tolerated, or the patient 
refused standard therapy were eligible. Patients with breast, gastric, 
or gastroesophageal junction cancer must have received at least one 
prior HER2-directed therapy for advanced disease. HER2 positivity, 
defined as 3+ by IHC; 2+ by IHC with HER2 gene amplification; or 
by institutional guidelines, was established prior to study entry 
following the below criteria. 

(a) Assessment of HER2 status in patients with breast cancer 
should follow the 2013 American Society of Clinical Oncology 

Translational Relevance 
Although immunotherapy via checkpoint inhibition provides 

durable responses for a subset of patients, most subjects are 
refractory or become resistant to treatment. Preclinical data 
suggest activation of immune cells via 4-1BB agonism holds 
promise as an alternative therapeutic strategy in cancer; how-
ever, initial clinical efforts were hampered by lack of efficacy or 
severe hepatotoxicity. Herein, we describe the phase I clinical as-
sessment of cinrebafusp alfa, a 4-1BB/HER2 bispecific, which was 
engineered to specifically activate 4-1BB in a tumor-dependent 
manner. Our data confirm immune cell activation via 4-1BB is safe 
and efficacious when restricted to the tumor microenvironment 
through bispecific targeting to cell surface molecules HER2/neu 
and 4-1BB. Dose-dependent expansion of tumor-infiltrating CD8+ 

T cells and s4-1BB levels coupled with confirmed objective re-
sponse highlight the potential utility of 4-1BB agonism. 
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(ASCO)/College of American Pathologists criteria by Wolff and 
colleagues (35) as practicable. 

(b) Assessment of HER2 status in patients with gastric and gas-
troesophageal junction adenocarcinoma should follow the cri-
teria published by Rüschoff and colleagues (36) as practicable. 

(c) Assessment of HER2 status in patients with non-breast/non- 
gastric cancers may follow local institutional criteria. These 
criteria should be made available to the Sponsor. 

(d) All patients with breast and gastric/gastroesophageal junction 
cancers should receive HER2 testing performed using an FDA- 
approved test in a Clinical Laboratory Improvement Amend-
ments (CLIA)-certified laboratory. 

(e) Patients for whom the clinical pathology report includes only 
IHC as 3+ (does not refer to ISH) may enroll without written 
report of ISH-determined HER2 copy number, provided the 
investigational site confirms that archival tissue is available. 

Patients were required to exhibit an Eastern Cooperative On-
cology Group (ECOG) performance status ≤1 and measurable 
disease according to RECIST v1.1;. Women of child-bearing po-
tential presented documentation of a negative pregnancy test. 
Treatment with cinrebafusp alfa did not begin until >4 weeks after 
the patient’s last therapy or major surgical procedure. Acceptable 
hepatic, renal, hematologic, cardiac, and bone marrow function 
was required of all patients. Key exclusion criteria were uncon-
trolled CNS metastases, systemic steroid therapy or other form of 
immunosuppressive therapy within 7 days prior to the first infu-
sion of cinrebafusp alfa, history of acute coronary syndromes, or 
ejection fraction drop below the lower limit of normal with tras-
tuzumab and/or pertuzumab. 

Clinical assessments 
Radiologic and clinical tumor assessments were assessed 

according to the RECIST v1.1 [e.g., CT scan, MRI, and tumor 
markers (e.g., CEA, CA19.9, CA125, as applicable)]. Then, assess-
ments were carried out at screening, after completion of every 
second cycle for the first 24 weeks of treatment and every 12 weeks 
thereafter, and at the end of treatment. Next, evidence of radiologic 
response [complete response (CR) or partial response (PR)] was 
confirmed by radiologic assessment at least 4 weeks after the initial 
observation. Stable disease (SD) was defined as per RECIST 1.1 
criteria: Neither sufficient shrinkage to qualify for PR (at least 30% 
shrinkage) nor sufficient increase to qualify for progressive disease 
(PD; at least 20% increase), taking as reference the smallest sum 
diameters while on study. For confirmed SD responses, SD lasting 
for at least 12 weeks was used. Next, safety assessments were carried 
out based on clinical laboratory data, physical examinations, and 
reporting of adverse events; all patients who received at least one 
dose of cinrebafusp alfa were included in safety analyses. Cardiac 
function was monitored during screening as well as during the 
course of the study by left ventricular ejection fraction assessment at 
every cycle. 

PK analyses 
Venous blood samples for measurement of serum concentrations 

of cinrebafusp alfa were collected before infusion, 5 minutes after 
the end of infusion, and 1, 2, 4, 8, 24, 48, 72, and 168 hours after 
infusion on Cycle 1 Day 1, as well as Cycle 3 Day 1 for Q3W and 
Q2W dosing, and at the same timepoints on Cycle 1 Day 1 as well as 
Cycle 2 Day 1 for QW dosing. Additional samples were taken 
predose and 5 minutes after the end of infusion in other cycles on 
Day 1. 

Cinrebafusp alfa serum concentrations were measured using an 
electrochemiluminescence assay. PK parameters, including AUC, 
Cmax, time to maximum dose concentration (Tmax), and terminal 
half-life (t1/2), were derived by noncompartmental analyses using 
Phoenix WinNonlin 8.3.4 (Pharsight Corporation). 

Immunogenicity analyses 
Serum samples were collected before treatment with cinrebafusp alfa 

on Days 1 and 15 of Cycle 1 and before treatment with cinrebafusp alfa, 
on Day 1 of Cycles 3 to 6, and at the end of treatment to evaluate 
development of antibodies directed against cinrebafusp alfa. Antidrug 
antibodies were measured using an electrochemiluminescence-based 
assay. A screening assay was followed by a confirmatory and a 
subsequent titer assay. 

Biomarker analysis 
Soluble 4-1BB was measured in serum samples at baseline and at 

the PK sampling timepoints during cycle 1 for all dose levels. Also, 
predose measurement of s4-1BB was measured across cycles 2 to 6 
for subjects receiving 18 mg/kg cinrebafusp alfa. It was detected 
with a custom total immunoassay based on a fluorescent readout. 
Biopsies were taken at baseline and during cycle 2. Various tumor 
tissues were stained for IHC, manual pathology, and image analysis. 
Samples were H&E stained to assess the area and for CD8, PDL1, 
granzyme B, and CD56 positive cells. Then, fold changes for all 
analysis were calculated in reference to baseline values. To differ-
entiate PDL1 and CD8 high/low patient populations, thresholds of 
25% for PDL1 positivity and 250 CD8+ cells/mm2 were selected as 
cutoffs. Active and nonactive dose groups were analyzed with the 
unpaired Welch t test (one-tailed). 

Table 1. Patient demographics and baseline characteristics. 

Characteristic Patients (n = 78) 

Age (years) 
Median (range) 62.5 (24–92) 

Sex 
Female 46 (58.97%) 
Male 32 (41.03%) 

Cancer type (reported in ≥2 patients) 
Biliary tract 3 (3.85%) 
Bladder 2 (2.56%) 
Breast 16 (20.51%) 
Colorectal 11 (14.10%) 
Gall bladder 4 (5.13%) 
Gastric/gastroesophageal 25 (32.1%) 
Gynecological 7 (9.0%) 

ECOG performance status at screening 
0 19 (24.36%) 
1 58 (74.36%) 
2 1 (1.28%)a 

Prior systemic therapies 
Median prior regimens (range) 4 (1-11) 
HER2-directed therapy, n (%) 53 (68%) 

Values are given as n (%) of patients unless otherwise specified. Fifty-three 
patients received HER2-directed therapies in prior lines of treatment [these 
included trastuzumab (94%), pertuzumab (34%), trastuzumab emtansine 
(23%), trastuzumab deruxtecan (4%), zanidatamab (6%), other HER2 ADC 
(4%), and other anti-HER2 agents (8%)]. 
aPatient demonstrated ECOG status of 2 at screening but was reevaluated as 
ECOG status of 1 prior to receiving first treatment on Cycle 1 Day 1. 
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Statistical considerations 
This was a phase I study with primary objectives of evaluating 

safety, PK, and pharmacodynamics. All patients who received at 
least 1 infusion of cinrebafusp alfa were included in the safety an-
alyses and determination of MTD. Descriptive analysis of antitumor 
activity, including response rate (CR or PR) and disease-control rate 
(CR or PR or SD), was summarized for those patients who received 
at least one dose of cinrebafusp alfa and received at least one post- 
baseline objective disease assessment. No formal statistical power 
calculations to determine sample sizes were carried out for this 
study. Researchers estimated that 1 to 3 patients would be enrolled 
per dose level in the accelerated titration portion of the study and 3 
to 6 patients per dose level in the standard dose-escalation portion 
of the study, including at least six subjects treated at the MTD level. 

For safety analyses, adverse events were graded by the treating 
physician based on Common Terminology Criteria for Adverse 
Events v 4.03. Safety data were included for all the patients who 
received at least one dose of cinrebafusp alfa. 

Study oversight 
This study was carried out in accordance with the Declaration of 

Helsinki and the principles of Good Clinical Practice. The protocol 
was approved by an Institutional Review Board at each hospital or 
site, and all patients provided written informed consent before any 
study procedures. The study was designed by the sponsor (Pieris 
Pharmaceuticals). Data were collected from the study sites and 
analyzed by representatives of the sponsor in conjunction with the 
investigators. 

Data availability 
The deidentified participant data and dataset generated during 

and/or analyzed during the current study are available from the 
corresponding author on reasonable request. 

Results 
Demographics and patient characteristics 

Seventy-eight patients with HER2-positive advanced solid tumors 
were enrolled in the dose-escalation part of the phase I PRS-343- 
PCS_04_16 study (NCT03330561) and received cinrebafusp alfa at 

escalating dose levels between 0.0005 and 18 mg/kg (Supplementary 
Table S1). Cinrebafusp alfa was administered every 3 weeks (Q3W) 
up to 8 mg/kg cohort. Also, dosing schedules of weekly (QW) and 
biweekly (Q2W) were explored at 8 mg/kg cohort. A Q2W dosing 
schedule was selected for 12 and 18 mg/kg cohorts. Additionally, to 
assess the effect of B-cell depletion on immunogenicity, an explor-
atory cohort of patients (8 mg/kg Q2W OB cohort) received a 
pretreatment with 1,000 mg obinutuzumab. 

Patient demographics and baseline characteristics are presented 
in Table 1. The median age was 62.5 (range, 24–92), and most 
patients were female (59%). 

The most common tumor types were gastric/gastroesophageal 
cancer (n ¼ 25; 32.1%), breast cancer (n ¼ 16; 20.5%), and colo-
rectal cancer (n ¼ 11; 14.1%). Seventy-four percent of patients 
demonstrated an ECOG performance status 1. 

Patients were heavily pretreated having received a median of 4 
(range up to 11) prior systemic treatment regimens. Fifty-three 
patients (68%) received prior HER2-directed systemic treatment. 
Representativeness of study participants is detailed in Supplemen-
tary Table S2. 

Safety outcomes 
For safety analyses, a total of 78 patients, having received at least 

one dose of study drug from all dose-escalation cohorts (0.0005– 
18 mg/kg) were considered. Treatment with cinrebafusp alfa was 
generally safe and tolerable. One DLT was reported in the study; 1 
patient with breast cancer (1.2%) in the 12 mg/kg Q2W dose cohort 
experienced a grade 3 pleural effusion on study day 28, which led to 
drug discontinuation. At tested doses up to 18 mg/kg, no MTD was 
identified for the treatment of cinrebafusp alfa. 

Overall, 44 patients (56.4%) experienced a TRAE; of these, 11 
patients (14.1%) experienced grade 3 TRAEs, and 1 patient (1.3%) 
experienced a grade 4 TRAE (Table 2). No grade 5 TRAEs con-
sidered related to study drug occurred. The most frequently re-
ported TRAEs were infusion-related reaction (IRR) in 17 patients 
(21.8%), fatigue in 11 patients (14.1%), and nausea in 9 patients 
(11.5%). Most of these events were grade ≤2; 4 patients (5.1%) 
experienced grade ≥3 IRRs, and 1 patient (1.3%) experienced grade 
3 fatigue. One patient in the 5 mg/kg dose cohort experienced grade 
4 IRR. The event started on study day 65 and resolved within 1 day. 
Also, a single patient in the 18 mg/kg Q2W (n ¼ 9) dose level 
experienced a grade 3 cardiac failure on study day 308, that was 
assessed as possibly related to study drug. The patient recovered 
from the event on study day 312 (5 days after onset) but was 
withdrawn from the study. Other grade 3 toxicities were uncommon 
and are reported in Table 2. All events resolved, except for one 
event of grade 3 fatigue (0.015 mg/kg cohort), one event of grade 3 
anemia (0.5 mg/kg cohort), and one event of grade 3 paresthesia 
(8 mg/kg OB cohort), which were ongoing at study end. 

PK 
Serum cinrebafusp alfa concentrations were low or below the 

limit of quantitation up to the 0.05 mg/kg dose level and were 
progressively measurable for longer periods of time at higher dose 
levels. Starting at 2.5 mg/kg dose level, serum concentrations were 
measurable throughout the dosing interval in several patients. 

Cinrebafusp alfa PK after IV infusions were characterized by 
maximum concentrations attained at or around the end of the in-
fusion, followed by a mono-phasic log-linear decline until the lower 
limit of quantitation was reached (Fig. 1). The geometric mean 
plasma half-life varied between 3 days at lower doses and 4 to 5 days 

Table 2. TRAEs. 

Event All grades Grade 3 Grade 4 Grade 5 

Any TRAE 44 (56.4) 11 (14.1) 1 (1.3) 0 (0.0) 
IRR 17 (21.8) 3 (3.8) 1 (1.3) 0 (0.0) 
Fatigue 11 (14.1) 1 (1.3) 0 (0.0) 0 (0.0) 
Nausea 9 (11.5) 0 (0.0) 0 (0.0) 0 (0.0) 
Arthralgia 3 (3.8) 1 (1.3) 0 (0.0) 0 (0.0) 
Flushing 2 (2.6) 1 (1.3) 0 (0.0) 0 (0.0) 
Anemia 2 (2.6) 1 (1.3) 0 (0.0) 0 (0.0) 
Paresthesia 2 (2.6) 1 (1.3) 0 (0.0) 0 (0.0) 
Clostridium difficile colitis 1 (1.3) 1 (1.3) 0 (0.0) 0 (0.0) 
Urinary tract infection 1 (1.3) 1 (1.3) 0 (0.0) 0 (0.0) 
Lipase increased 1 (1.3) 1 (1.3) 0 (0.0) 0 (0.0) 
Cardiac failure 1 (1.3) 1 (1.3) 0 (0.0) 0 (0.0) 
Dysuria 1 (1.3) 1 (1.3) 0 (0.0) 0 (0.0) 
Anxiety 1 (1.3) 1 (1.3) 0 (0.0) 0 (0.0) 

Values are given as distinct n (%) of patients. Adverse events of all grades that 
affected more than 10% of patients or all adverse events being ≥ grade 3. 
n ¼ 78. 
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in the dose levels of 8 to 18 mg/kg (Fig. 1A). Assessment of 
different dosing regimens at 8 mg/kg level led to selection of 
Q2W dosing for higher cohorts (Fig. 1B). Next, some accumu-
lation was observed in the Q2W dosing regimen, especially in 
patients dosed at 18 mg/kg, and in the QW regimen, consistent 
with the observed half-life. 

Some variability in exposure in later cycles was observed at lower 
dose levels. In general, exposure can be influenced by target- 
mediated drug disposition (TMDD), which could be caused by 
HER2 as well as 4-1BB and/or antidrug antibody (ADA) formation. 
Overall, preexisting ADAs were detected in 5% of patients, whereas 
32% of patients were ADA positive on Cycle 1, Day 15. A reduction 
in ADA incidence was observed during dose escalation with 4 out of 
17 patients (23.5%) being ADA positive on Cycle 3 Day 1 in the 
dose levels of 8 mg/kg and above, versus 8 out of 11 patients (72.7%) 
in the dose cohorts below 8 mg/kg. Patients with ADAs generally 
showed reduced exposure in Cycle 3 compared with exposure in 
Cycle 1. 

In parallel to dose escalation, an exploratory cohort with 
obinutuzumab pretreatment was initiated to assess the conse-
quence of B-cell depletion on ADA frequency and exposure (37). 
Although the obinutuzumab schedule was safe and resulted in 
low immunogenicity, it was not deemed to be necessary and 
hence was limited to five patients. 

Pharmacodynamics 
Soluble 4-1BB (s4-1BB) concentrations were measured, as a 

biomarker for pathway activation, in patient serum for subjects on 
Q2W and Q3W schedule. When baseline levels of s4-1BB were 
compared with on-treatment values until day 15 (n ¼ 65), a dose- 
dependent increase of the maximum fold change was observed 
starting at a dose of 0.15 mg/kg (Fig. 2A). Timing of maximal 

elevation of s4-1BB was observed between C1D1 and C1D8 for 
majority of subjects. Timing of onset differed in a subset of five 
patients (at 5 and 8 mg/kg doses), which showed the strongest in-
crease of s4-1BB between C1D8 and C1D15. Then, when these 
apparent outlier patients were omitted from the analysis, the data 
trend was maintained. The average fold change increased from 1.5 
in the low dose cohorts to 6.0 to 9.3 in the 8 to 18 mg/kg cohorts, 
reaching a plateau at higher dose levels. One patient in the 8 mg/kg 
cohort showed a 20-fold increase in cycle 1, whereas only one pa-
tient overall experienced a reduction in s4-1BB levels. The observed 
cinrebafusp alfa dependent increase of s4-1BB strongly suggested 
target engagement and an activation-induced release of 4-1BB. 
Furthermore, a longitudinal assessment of s4-1BB across six treat-
ment cycles (165 days) in the 18 mg/kg cohort demonstrated a 
persistent increase in the biomarker indicative of a durable effect 
(Supplementary Fig. S1). 

Peripheral cytokines were predominantly studied from a safety 
assessment perspective. However, cytokines such as IFNγ, IFNγ- 
induced protein 10 (IP10), and IL18 have been reported as serum 
biomarkers of T-cell activation upon CPI treatment (38). No dose- 
dependent increase of IFNγ, IP10, or IL18 was observed, suggesting 
no peripheral T-cell activation occurred and supporting that cin-
rebafusp alfa treatment leads to a tumor-localized activation of 4- 
1BB positive immune cells with minimal systemic effects (Supple-
mentary Tables S3–S5 respectively). 

IHC analysis comparing baseline with on-treatment paired tumor 
biopsies (n ¼ 35) showed a cinrebafusp alfa induced dose- 
dependent increase of CD8+ T cells in the tumor parenchyma and 
stroma, with more than 2.6-fold average induction in the highest 
dose cohort at 18 mg/kg (Fig. 2B). Outlier data from two subjects 
from the 2.5 and 8 mg/kg dose cohorts were omitted as they showed 
increases of >600- and >300-fold, respectively. Furthermore, for 
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these patients, the outlier values were likely impacted by low CD8+ 

T-cell counts in the baseline samples. 
Cohorts ranging from 2.5 to 18 mg/kg were defined as repre-

senting the active dose range based on predictions from preclinical 
studies (34) and emerging clinical PK and pharmacodynamic data 
(i.e., significant increase of soluble 4-1BB and CD8+ T cells observed 
at these dose levels). 

Grouped analyses of additional pharmacodynamic markers were 
performed for the nonactive and active dose cohorts. Treatment 
induced CD8+ T-cell proliferation was assessed by Ki67 nuclear 
staining with a 1.6-fold increase in proliferation from baseline ob-
served in the active dose cohorts (Fig. 2C), which was significantly 
different from that seen in the nonactive dose cohorts (P ¼ 0.002; 
unpaired Welch’s t test; one-tailed; Supplementary Fig. S2). Also, 
NK (CD56) cell numbers were seen to increase from baseline in the 
active dose group (Fig. 2D), and a similar trend was observed with 

granzyme B (Fig. 2E; P ¼ 0.051 and 0.099, respectively, in com-
parison to nonactive dose group). Interestingly, although NK cell 
numbers were increased in both the tumor parenchyma and stroma 
region, we observed that Ki67 positive cells were more evident in 
stromal areas. Cells expressing granzyme B were increased in the 
region adjacent to tumor cells, possibly indicating their active killing 
of cancer cells. Next, a subset of responder patients was assessed for 
PDL1 status and plotted versus number of CD8+ T cells (Fig. 3). 
Researchers observed that baseline levels of PDL1 and T cells were 
low in multiple responders, suggesting that the 4-1BB driven im-
mune cell activation can exhibit meaningful impact in a broad pa-
tient population. 

Antitumor activity outcomes 
Fifty-nine patients enrolled across nonactive and active dose 

cohorts were considered evaluable for efficacy assessment based on 
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receipt of at least one dose of study drug and having a baseline and 
an on-treatment scan performed. 

Nonactive dose cohorts (0.0005–1.0 mg/kg) 
Nineteen patients were enrolled across dose cohorts ranging from 

0.0005 to 1.0 mg/kg. These dose levels were included in the trial 
predominantly for safety reasons based on published experiences 
with 4-1BB agonists (14, 39). Based on translational studies and 
preclinical pharmacology, researchers anticipated that a lack of ac-
tivity would be found in these cohorts. As anticipated, no responses 
occurred in these dose ranges, in which 12 (63%) patients demon-
strated PD, and 7 (37%) patients demonstrated SD. 

Active dose cohorts (2.5–18 mg/kg) 
Forty patients were enrolled across dose cohorts ranging from 2.5 

to 18 mg/kg. The dose range was defined as “active doses” based on 
preclinical analyses and qualified as clinical PK/biomarker data 
emerged. Five patients (12.5%) showed antitumor activity, with one 
patient achieving a confirmed CR, and four patients achieving a PR, 
three of which were confirmed. Interestingly, all responses occurred 
at either the 8 or 18 mg/kg Q2W dose cohorts (see Fig. 4A). Next, a 
total of 16 patients (40%) experienced SD (thereof six confirmed SD 
patients) as best overall response (BOR), so that the disease control 
rate (defined as SD or better) was 52.5%. When assessing individual 
cohorts, confirmed overall response rate was 28.6% in the 8 mg/kg 
Q2W (n ¼ 7) cohort and 25.0% in the 18 mg/kg Q2W (n ¼ 8) 
cohort. 

The overall median duration of response, calculated as date of 
first documented response (CR or PR) until the first date of con-
firmed progression, was 284 days for the five responder patients 
(Fig. 4B). 

Representative CT scans of two patients with PR as BOR to 
treatment with cinrebafusp alfa are presented in Figs. 4C and D. 
Figure 4C represents scans of a patient with cancer of unknown 
primary origin. This 81-year-old male received 1 prior line of 
treatment with gemcitabine resulting in a BOR of PR. Treatment 
with 18 mg/kg Q2W cinrebafusp alfa began approximately 1 month 
after progression from prior therapy. The patient achieved PR in 
overall target lesion size after the first on-treatment scan (study day 
60) and a complete reduction of overall target lesion size at the 
second scan on study day 116. The patient stayed on treatment for 

14 cycles (392 days). Figure 4D represents scans of a patient with 
stage 4 gastric adenocarcinoma. Also, this 80-year-old female re-
ceived two prior lines of treatment including trastuzumab, pem-
brolizumab, oxaliplatin (first line), and nivolumab (second line), 
resulting in a BOR of SD in both lines. Treatment with 8 mg/kg 
Q2W cinrebafusp alfa began approximately 2 months after pro-
gression from prior therapy. The patient achieved PR in overall 
target lesion size after the second on-treatment scan (study day 80), 
which continued to reduce at subsequent on-treatment scans with 
highest overall target lesion size reduction of 63.7% on study day 
127. The patient remained on treatment for seven cycles (196 study 
days). 

Discussion 
The modulation of immune cells via costimulation of 4-1BB 

holds great promise as an antitumor therapy. Initial efforts to har-
ness the power of 4-1BB agonism with antibody-based approaches 
proved challenging due to hepatotoxicity (39). With the develop-
ment of bispecific molecules, the possibility exists to activate re-
ceptors in a more targeted manner compared with conventional 
antibodies (40). 

Cinrebafusp alfa is a monoclonal antibody-like bispecific protein 
which is designed to conditionally activate T and NK cells in HER2- 
positive tumor tissue via the 4-1BB pathway. In this first-in-human 
dose-escalation study of patients with HER2-expressing advanced 
solid tumors, cinrebafusp alfa was escalated up to a dose of 
18 mg/kg without identifying an MTD. Next, in heavily pretreated 
patients, cinrebafusp alfa demonstrated encouraging monotherapy 
activity with an acceptable safety profile. 

Cinrebafusp alfa was generally well-tolerated across all dose levels 
and schedules tested in the study population. IRRs were the most 
common TRAE; these were generally low grade (grade 1 or 2) and 
could be managed with standard supportive measures. Unlike the 
toxicity profile of urelumab (39), no critical transaminase elevations 
or hepatotoxicity was observed, consistent with cinrebafusp alfa 
tumor-localized activation of 4-1BB. 

Cinrebafusp alfa PK profile showed a nonlinear elimination at 
low dose cohorts indicative of TMDD, which is consistent with 
experience of other HER2 targeted agents (41). Some accumulation 
was observed in the Q2W dosing regimen favoring this schedule 
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over Q3W. ADAs to cinrebafusp alfa were predominantly observed 
in lower dose cohorts where, together with HER2 and/or 4-1BB- 
TMDD, they could exhibit an impact on drug exposure levels. The 
presence of ADAs was significantly reduced at 8 mg/kg and above 
(23.5%). Based on the current clinical data, ADAs did not impact 
efficacy, with three of the five responding patients testing positive 
during treatment. To increase our understanding of the agent, the 
investigation of cinrebafusp alfa in a phase 2 trial with a more 
homogeneous patient population is required. 

The role of 4-1BB on immune cell activation has been well charac-
terized both preclinically and clinically. Our preclinical work, together 
with that of other groups, showed that 4-1BB agonism impacts both the 
adaptive and innate immune system. We previously showed that cin-
rebafusp alfa leads to a tumor-localized increase of CD8+ T cells in a 

mouse model (34). Analysis of baseline and on-treatment tumor tissue 
samples supported the anticipated mechanism of action of cinrebafusp 
alfa. Assessment of paired tumor biopsies confirmed a T-cell activation 
and dose-dependent increase in CD8+ T cell numbers within the tumor. 
When further analyzed, subjects receiving >2 mg/kg demonstrated a 
higher fraction of Ki67+ cells compared with those in the lower dose 
cohorts. Our clinical findings support previous studies proposing that 
4-1BB agonism leads to phenotypic changes in T cells including in-
crease in proliferation (Ki67), expansion of stem cells (TCF1), and 
increased cytotoxic behavior (granzyme B; refs. 42, 43). Also, cos-
timulation of 4-1BB can impact activated NK cells, leading to expansion 
and increased functionality (44). 

Our data show that cinrebafusp alfa treatment leads to increased 
NK cells in the tumor microenvironment. Recent clinical studies 
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with FAP-4-1BB (RO7122290) and PDL1-4-1BB (GEN1046) bis-
pecifics also showed the ability of 4-1BB agonists to modulate T and 
NK cell populations (45, 46). 

Also, we explored a serum-based biomarker assay to assess 4-1BB 
target engagement and pathway activation. We previously showed 
that 4-1BB agonism leads to a dose-dependent release of s4-1BB 
(47). Different mechanisms have been described that may drive such 
release of s4-1BB, including alternative splicing of 4-1BB transcripts 
(48, 49) or shedding from the cell surface by metalloproteases like 
ADAM10 or ADAM17 (50, 51). Additionally, characterization of s4- 
1BB as a biomarker by Glez-Vaz and colleagues showed that, be-
yond de novo s4-1BB biosynthesis and release, trapping of the 
biomarker in plasma may be aided when complexed with drug (52). 
Our in vitro data showed that s4-1BB release is strongly enhanced in 
the presence of a 4-1BB agonist. Next, serum samples from the 
phase 1 study indicated that s4-1BB correlates with the dose and 
agonistic activity of cinrebafusp alfa. Our serum-based findings were 
validated given that a similar dose-dependent trend was observed 
across the CD8+ T cell and s4-1BB data sets. 

Cinrebafusp alfa showed encouraging single agent activity in a 
heavily pretreated patient population across the active dose range. A 
disease-control rate of 52.5% was achieved in patients with a median of 
four prior lines of treatment. The responding population included 
patients with a variety of advanced tumor types. One patient with 
colorectal cancer achieved a confirmed CR, whereas a patient with 
cancer of unknown primary demonstrated 100% reduction in target 
lesion size. Also, PRs were achieved in one patient with gynecological 
cancer and two patients with gastric/gastroesophageal junction cancer, 
both of whom received 2 to 3 prior regimens, including anti-HER2 
therapy (trastuzumab). Interestingly, both of these patients achieved a 
BOR of SD under trastuzumab treatment, whereas they achieved PR 
with cinrebafusp alfa treatment. Responses occurred at the 8 and 
18 mg/kg dose levels. Based on clinical response and biomarker data, 
researchers anticipated that single agent doses of 8 mg/kg or above are 
required to achieve optimal 4-1BB pathway engagement and immune 
cell activation. Next, a phase 2 study of cinrebafusp alfa in combination 
with ramucirumab and paclitaxel in patients with HER2-positive gastric 
or gastroesophageal junction cancer was initiated to further explore its 
activity (NCT05190445). Similar to dosing regimens for other HER2 
agents, a loading dose was employed in this study. Eighteen mg/kg 
Q2W was administered in cycle 1, to limit any impact of TMDD, 
followed by 8 mg/kg Q2W in subsequent cycles. Given the safety profile 
of cinrebafusp alfa, considering its utility in combination with several 
other agents is plausible. Beyond cytotoxic or antiangiogenic molecules, 
the assessment of cinrebafusp alfa in combination with other HER2- 
targeting agents including small molecules or ADC’s are worthy of 
exploration given potential complimentary mechanisms of action. 

In conclusion, the results from this phase I study provide clinical 
evidence that tumor targeted 4-1BB agonism is tolerable and exhibits 
antitumor activity in a heavily pretreated HER2-positive patient pop-
ulation. Based on its bispecific design, cinrebafusp alfa enhances immune 
cell activation while avoiding the hepatotoxicity associated with con-
ventional 4-1BB antibodies. The differentiated mechanism of action of 
cinrebafusp alfa is corroborated by extensive biomarker data while en-
couraging single agent activity support its future clinical evaluation. 
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