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ABSTRACT
Background  Cluster of differentiation (CD)73-adenosine and 
transforming growth factor (TGF)-β pathways are involved 
in abrogated antitumor immune responses and can lead to 
protumor conditions. This Phase 1 study (NCT03954704) 
evaluated the safety, pharmacokinetics, pharmacodynamics, 
and efficacy of dalutrafusp alfa (also known as GS-1423 
and AGEN1423), a bifunctional, humanized, aglycosylated 
immunoglobulin G1 kappa antibody that selectively inhibits 
CD73-adenosine production and neutralizes active TGF-β 
signaling in patients with advanced solid tumors.
Methods  Dose escalation started with an accelerated titration 
followed by a 3+3 design. Patients received dalutrafusp alfa 
(0.3, 1, 3, 10, 20, 30, or 45 mg/kg) intravenously every 2 
weeks (Q2W) up to 1 year or until progressive disease (PD) or 
unacceptable toxicity.
Results  In total, 21/22 patients received at least one dose 
of dalutrafusp alfa. The median number of dalutrafusp alfa 
doses administered was 3 (range 1–14). All patients had at 
least one adverse event (AE), most commonly fatigue (47.6%), 
nausea (33.3%), diarrhea (28.6%), and vomiting (28.6%). Nine 
(42.9%) patients had a Grade 3 or 4 AE; two had Grade 5 AEs 
of pulmonary embolism and PD, both unrelated to dalutrafusp 
alfa. Target-mediated drug disposition appears to be saturated 
at dalutrafusp alfa doses above 20 mg/kg. Complete CD73 
target occupancy on B cells and CD8+ T cells was observed, 
and TGF-β 1/2/3 levels were undetectable at dalutrafusp alfa 
doses of 20 mg/kg and higher. Free soluble (s)CD73 levels 
and sCD73 activity increased with dalutrafusp alfa treatment. 
Seventeen patients reached the first response assessment, 
with complete response, partial response, stable disease, 
and PD in 0, 1 (4.8%), 7 (33.3%), and 9 (42.9%) patients, 
respectively.
Conclusions  Dalutrafusp alfa doses up to 45 mg/kg Q2W 
were well tolerated in patients with advanced solid tumors. 
Additional evaluation of dalutrafusp alfa could further elucidate 
the clinical utility of targeting CD73-adenosine and TGF-β 
pathways in oncology.

INTRODUCTION
Adenosine and transforming growth factor 
(TGF)-β increase in the tumor microenvi-
ronment and are two immunosuppressive 

mechanisms suspected to contribute to ther-
apeutic resistance and progressive disease 
(PD).1 Cluster of differentiation (CD)73 is 
an ectoenzyme found on cell surfaces and in 
circulation that converts adenosine mono-
phosphate (AMP) to adenosine.2 3 Adenosine 
generated in the tumor microenvironment 
and its agonism of adenosine receptor A2A 
found on T-cells may lead to suppression of 
T-cell receptor signaling, thus inducing an 
immunosuppressive effect. Animals lacking 
CD73 have decreased carcinogenesis, and 
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	⇒ Cluster of differentiation (CD)73-adenosine and 
transforming growth factor (TGF)-β signaling 
pathways may be involved in abrogated antitumor 
immune responses, leading to protumorigenic con-
ditions, and could be considered targets of thera-
peutic intervention.

WHAT THIS STUDY ADDS
	⇒ This study describes a first-in-human study of dalu-
trafusp alfa (also known as GS-1423 and AGEN1423), 
a first-in-class, bifunctional, humanized antibody 
designed to selectively inhibit CD73-adenosine pro-
duction and neutralize active TGF-β signaling within 
the tumor microenvironment. Although full target 
occupancy was reached at >20 mg/kg, soluble 
CD73 levels and activity increased above baseline. 
Dalutrafusp alfa was well tolerated in patients up to 
45 mg/kg dosed every 2 weeks, with mostly mild 
and moderate adverse events reported.
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	⇒ These clinical and pharmacodynamic results may 
inform the design of future inhibitors and studies 
that attempt to target the CD73-adenosine and 
TGF-β signaling pathways as therapeutic interven-
tions in oncology.
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studies have shown that tumor growth, metastasis, and 
immunosuppression can be inhibited by CD73 blockade.4–7 
Upregulation of CD73/adenosine is observed in human 
melanomas,5 8 with high CD73 expression being an unfa-
vorable prognostic factor in patients with cancer.9

TGF-β is a pleiotropic cytokine that regulates cell growth 
in several organ systems and may be involved in tumor 
growth and metastasis.10 Early in cancer development, 
TGF-β suppresses tumor growth but promotes tumor 
progression in later stages.11 TGF-β can also regulate 
the adaptive immune system by suppressing interferon-γ 
expression, attenuating CD8+ effector T-cell function, 
and inducing differentiation of regulatory T cells.12 
TGF-β overexpression during late stages of cancer is asso-
ciated with therapeutic resistance,13 and treatments that 
inhibit the TGF-β receptor are being developed to treat 
patients with cancer.14 TGF-β cytokine traps demonstrate 
positive results in treating cancerous tumors by neutral-
izing active TGF-β signaling within the tumor microenvi-
ronment while maintaining acceptable safety in rodents 
and humans.15–17 The roles of CD73-adenosine and 
TGF-β pathways in tumorigenesis and resistance to treat-
ment suggest they are promising drug targets in oncology. 
However, targeting only one of these pathways may not be 
sufficient to enable effective therapeutic responses due to 
the prevalence of both pathways in human cancers and 
the development of and treatment with a single mole-
cule may be preferred over two novel agents. Therefore, 
there may be clinical utility in simultaneously targeting 
the CD73-adenosine and TGF-β pathways in patients with 
cancer.

Dalutrafusp alfa (also known as GS-1423 and AGEN1423) is 
a first-in-class, bifunctional, humanized, aglycosylated immu-
noglobulin G1 kappa antibody comprizing an anti-CD73 anti-
body fused to a TGF-βreceptor II-based cytokine trap (online 
supplemental figure S1). Dalutrafusp alfa binds to human 
CD73 with an estimated binding affinity (KD; elimination rate 
constant apparent) of 32 pM under avid binding conditions 
and 26 nM under monovalent fragment antigen-binding 
conditions (online supplemental figure S2). The TGF-β trap 
uses the extracellular domain of the natural TGF-βRII; there-
fore, dalutrafusp alfa is expected to bind TGF-β1, TGF-β2, 
and TGF-β3 effectively.18 This first-in-human study was 
designed to assess the safety and tolerability of dalutrafusp 
alfa monotherapy in patients with solid tumors and to define 
dose-limiting toxicities (DLT) and the maximum tolerated 
dose (MTD). Secondary objectives included characterizing 
the pharmacokinetics and evaluating immunogenicity of 
dalutrafusp alfa. Exploratory objectives included character-
izing the pharmacodynamics and assessing the clinical effi-
cacy of dalutrafusp alfa.

MATERIALS AND METHODS
Patient population
This was a Phase 1, open-label, dose-escalation study of 
dalutrafusp alfa in patients with advanced solid tumors 
(NCT03954704). Patients were enrolled at four sites (all 

in the USA) between June 2019 and April 2021. Patients 
were eligible if they were aged 18 years or more with 
confirmed advanced or metastatic solid tumor(s) for 
which standard therapy had failed or no standard therapy 
was available. Additional inclusion criteria are listed in 
the online supplemental file 1. Key exclusion criteria 
included other concurrent malignancies, known central 
nervous system metastases, or active or history of auto-
immune disease. Full exclusion criteria are found in the 
Supplemental Material.

This study and all investigators abided by Good Clinical 
Practices in accordance with the Declaration of Helsinki 
and the International Council for Harmonization. All 
patients in the study provided written informed consent.

Study design
Dalutrafusp alfa (0.3, 1, 3, 10, 20, 30, or 45 mg/kg) 
was administered intravenously to patients on Day 1 of 
each 2-week cycle (Q2W) for up to 1 year (maximum 26 
cycles) or until PD or unacceptable toxicity occurred. 
Dalutrafusp alfa dose interruption (but not dose reduc-
tion) was permitted for adverse events (AEs). A modi-
fied, accelerated, dose-titration design was used for the 
first two dose levels, 0.3 and 1 mg/kg, followed by a 3+3 
dose-escalation design for dose levels 3 mg/kg and above 
to determine the DLT and MTD of dalutrafusp alfa.19 
DLTs were evaluated in patients during the first 28 days 
of dalutrafusp alfa administration. The complete DLT 
criteria are described in the Supplemental Material. The 
MTD is defined as the highest dose level with an inci-
dence of DLTs in one or fewer of six patients during the 
first 28 days of study drug dosing. Additional details for 
MTD determination are described in the Supplemental 
Material.

In addition to dose escalation, this study was planned to 
assess dalutrafusp alfa flat-dose regimens, dalutrafusp alfa 
in combination with a chemotherapy regimen in gastric 
cancer, and dalutrafusp alfa in patients with advanced 
solid tumors accessible for biopsy. After monotherapy 
dose escalation, the decision was made not to continue 
clinical evaluation of dalutrafusp alfa in this study.

Safety
Following the first dose of dalutrafusp alfa, patients were 
monitored for safety (AEs and laboratory data) for the 
duration of the study. Assessment of clinical laboratory 
test findings, physical examination, 12-lead electrocar-
diogram, echocardiogram or mitigated acquisition scans, 
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status, and vital signs were conducted for the dura-
tion of the study. A safety review team was established to 
determine safety, make decisions on dose escalation, and 
assess DLTs and determine MTD. Clinical AEs were coded 
using the Medical Dictionary for Regulatory Activities 
V.23.1, and both AEs and laboratory abnormalities were 
graded by Common Terminology Criteria for Adverse 
Events V.5.0.

https://dx.doi.org/10.1136/jitc-2022-005267
https://dx.doi.org/10.1136/jitc-2022-005267
https://dx.doi.org/10.1136/jitc-2022-005267
https://dx.doi.org/10.1136/jitc-2022-005267
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Pharmacokinetics and immunogenicity
Dalutrafusp alfa concentrations in platelet-poor plasma 
were determined using a validated bioanalytical immu-
noassay method (BioAgilytix, Durham, North Carolina, 
USA). The assay uses an anti-idiotype mouse monoclonal 
antibody coated on the wells of a 96-well microtiter plate 
to capture dalutrafusp alfa that has an available CD73 
binding site. A SULFO-tagged (ruthenylated) mouse 
monoclonal antibody binds the human TGF-β receptor 
II portion of dalutrafusp alfa as the detection agent and 
emits a luminescence signal on electrochemical stimula-
tion. The method detects free dalutrafusp alfa, defined 
as a dalutrafusp alfa species that has at least one available 
CD73 binding site and one available TGF-β binding site. 
The lower limit of quantitation (LLOQ) is 30 ng/mL of 
dalutrafusp alfa per mL of plasma. Neither TGF-β nor 
CD73 interfered with the method at their physiologically 
relevant plasma concentrations.

Pharmacokinetic blood samples were collected at Cycle 
1 predose, end of infusion (+10 min), and at 2 hours 
(±15 min), 6 hours (±0.5 hours), Day 2 (24±2 hours), Day 
3 (48±4 hours), Day 5 (96±4 hours), and Day 8 (168±4 
hours) after start of infusion and at Cycle 2 predose (336 
hours [±1 day] post start of infusion at Cycle 1). Phar-
macokinetic parameters were estimated using Phoenix 
WinNonlin software V.8.2 (Certara USA, Princeton, New 
Jersey, USA) and standard non-compartmental methods. 
Estimated parameters included maximum observed 
dalutrafusp alfa concentration (Cmax), concentration at 
the end of the dosing interval (Ctrough), area under the 
concentration versus time curve over the dosing interval 
(AUCtau), and time to Cmax (Tmax).

Immunogenicity was assessed in plasma by a vali-
dated, bridging affinity capture elution immunoassay 
method (BioAgilytix, Durham, North Carolina, USA) 
that uses dalutrafusp alfa coated on the wells of a micro-
titer plate to capture antidrug (ie, anti-dalutrafusp alfa) 
antibodies (ADAs) and ruthenylated dalutrafusp alfa to 
detect captured ADAs by electrochemiluminescent signal 
emission on electrochemical stimulation. The method 
had a lower limit of detection of 4.26 ng/mL of a posi-
tive control ADA (1:1 mixture [mole:mole] of a mouse 
monoclonal anti-TGF-β receptor II antibody and a mouse 
monoclonal anti-dalutrafusp alfa idiotype antibody) and 
could detect 500 ng/mL or 11.0 ng/mL of the positive 
control at up to 500 µg/mL or 12.5 µg/mL of dalutrafusp 
alfa, respectively, in the test sample. Neither TGF-β nor 
CD73 interfered with the method at their physiologically 
relevant plasma concentrations. ADA assessments were 
conducted predose for Cycles 1–4, 6, and every 6 cycles 
after. ADA was also assessed on Day 15 of Cycle 4 post-
dose. Immunogenicity to dalutrafusp alfa among patients 
was evaluated based on number and percentage of posi-
tive or negative results at each specified time point.

Pharmacodynamic biomarker testing
Pharmacodynamic biomarker assessments were 
performed in serial blood samples from 21 patients 

treated with dalutrafusp alfa. Blood for biomarker testing 
was collected predose at Cycles 1–4, 7, 13, and at end of 
treatment. For Cycles 1 and 4, blood was also collected at 
2, 6, 24, and 168 hours after the start of infusion. Dalu-
trafusp alfa–unbound TGF-β 1/2/3, CD73 target occu-
pancy (TO) and expression on B cells and CD8+ T cells, 
free soluble (s)CD73 levels, and sCD73 activity were all 
quantified.

Total TGF-β 1/2/3 levels were determined with an 
analytically qualified Magnetic Bio-Plex Pro TGF-β 1/2/3 
assay (Cat# 171W4001M; Bio-Rad). The assay was quali-
fied for sodium heparin (NaHep) platelet-poor plasma. 
Blood was collected into NaHep tubes and processed to 
platelet-poor plasma through double centrifugation and 
stored frozen at −80°C until analysis. TGF-β 1/2/3 were 
detected with a Luminex FLEXMAP 3D Analyzer. Assay 
qualification and clinical sample testing were performed 
at Gilead Sciences.

CD73 expression and TO on B cells and CD8+ T cells 
were measured in whole blood collected in Cyto-Chex 
blood collection tubes using flow cytometry staining 
panels consisting of CD45 (BD Biosciences, 624328), 
CD3 (BioLegend, 300415), CD8 (BioLegend, 301033), 
CD19 (BioLegend, 302208), and either a dalutrafusp 
alfa–competitive CD73 (clone AD2, BioLegend, 344006) 
or a dalutrafusp alfa–non-competitive CD73 (clone 
416, Agenus) antibody. Assays were developed at Gilead 
Sciences, and then transferred to and qualified at Cell-
Carta (Fremont, California, USA). Whole blood was 
collected at the clinical sites and shipped overnight to 
CellCarta and processed using BD Phosflow Lyse/Fix 
(BD Biosciences, 558049) and BD bovine serum albumin 
stain buffer (BD Biosciences, 554657) in accordance with 
vendor instructions. The integrated median fluorescent 
intensity of CD73, which is the product of the positive 
gate percent frequency of the parent population multi-
plied by its MFI, was determined for predose and post-
dose samples. Surface CD73 expression (%CD73 loss) 
and %TO were calculated using the equations listed in 
the Supplemental Material.

Free (unbound dalutrafusp alfa) sCD73 in platelet-poor 
NaHep plasma was measured by a quantitative ELISA. A 
monoclonal CD73 antibody (Millipore Cat# MABD122) 
was precoated onto a microplate, then standards and 
samples were added. sCD73 in samples was bound by the 
immobilized antibody and detected using a biotinylated 
monoclonal CD73 antibody (Clone 562, Agenus), strepta-
vidin horseradish peroxidase (HRP; Thermo Scientific 
Cat# N201), and fluorogenic HRP substrate (Thermo 
Scientific Cat# 15169). Fluorescence intensity was deter-
mined using a microplate reader (Molecular Devices, 
SpectraMax M5). sCD73 in samples was quantified by 
interpolation from the standard curve. Assay develop-
ment, qualification, and clinical sample testing were 
performed at Gilead Sciences.

sCD73 enzymatic activity in platelet-poor NaHep 
plasma was measured by quantifying free phosphate, a 
product from the hydrolysis of AMP by sCD73. To block 
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tissue-nonspecific alkaline phosphatase (TNAP) activity, 
a TNAP inhibitor (TNAPi; EMD Millipore, Cat# 613810) 
was added to samples prior to initiating the sCD73 enzyme 
reaction. Reactions were initiated by combining TNAPi-
treated plasma with AMP (Sigma-Aldrich Cat# 01930) so 
that concentrations of 95% plasma, 4 mM AMP, and 0.5 
mM TNAPi were achieved. Reactions were incubated at 
37°C and terminated using 5% v/v trichloroacetic acid 
(Sigma-Aldrich: Cat# T0699) after 0, 20, 40, and 180 
min. Phosphate concentrations in completed reaction 
mixtures were quantified using the Malachite Green 
Phosphate Assay kit (Sigma-Aldrich: Cat# MAK307), and 
the absorbance was measured at 620 nm using a micro-
plate reader (Molecular Devices SpectraMax M5e). Phos-
phate concentration was interpolated from a standard 
curve. To determine the sCD73 enzyme rate, phosphate 
concentrations at Time 0 were subtracted from the phos-
phate concentrations in the 20, 40, or 180 min reactions 
for each sample. Change in phosphate concentration 
was then plotted as a function of time, and the slope of 
the fitted line was reported as the sCD73 enzyme activity 
rate (μM phosphate/minute). Assay development, qual-
ification, and clinical sample testing were performed at 
Gilead Sciences.

Clinical efficacy
Radiologic tumor assessments were performed at 6, 12, 
18, and 24 weeks from first treatment dose, then every 12 
weeks thereafter. Response assessments were performed 
by the investigator according to Response Evaluation 
Criteria in Solid Tumors V.1.1.20 Patients who discon-
tinued study treatment for reasons other than PD were 
followed until study discontinuation criteria were met. All 
patients who discontinued study treatment were followed 
for survival up to 12 months.

Statistical analysis
Unless otherwise indicated, 90% CIs or binary variables 
were calculated using the exact method and were two 
sided. Baseline demographics were summarized using 
descriptive methods. Safety was summarized using 

descriptive statistics by dose level/cohort for the safety 
analysis set, which included all patients who received at 
least one dose of study drug. In this study, AEs were consid-
ered treatment emergent if the onset date of the AE was 
on or after the first dosing date of dalutrafusp alfa and 
no later than 30 days after permanent discontinuation 
of dalutrafusp alfa. Pharmacokinetic parameters were 
summarized descriptively in patients in the pharmacoki-
netic analysis set, which includes all enrolled patients who 
received at least one dose of study drug and had at least 
one non-missing postdose concentration value. Immu-
nogenicity was assessed in the immunogenicity analysis 
set, which includes all enrolled patients who received at 
least one dose of study drug and had at least one ADA 
test. Absolute and derived (CD73 and TO on B cells and 
CD8+ T cells) pharmacodynamic biomarker values were 
plotted longitudinally by dose, and no statistical analyses 
were conducted. Data were analyzed from the biomarker 
analysis set, which includes all enrolled patients who 
received at least one dose of study drug and had at least 
one evaluable biomarker measurement available. Clinical 
efficacy analyses were conducted using the full analysis 
set (all enrolled patients who received at least one dose 
of study drug).

RESULTS
Patients and baseline demographics
Of the 22 patients enrolled, 21 (95%) received at least 
one dose of dalutrafusp alfa. One patient did not receive 
dalutrafusp alfa when pre-infusion safety laboratory eval-
uations on study Day 1 precluded the patient’s eligibility. 
Patient disposition is presented in figure  1. Of the 21 
patients, 1, 1, 3, 3, 3, 7, and 3 patients received dalutra-
fusp alfa at doses of 0.3, 1, 3, 10, 20, 30, and 45 mg/kg, 
respectively. Patients received between 1 and 14 doses 
of dalutrafusp alfa (median three doses). Most patients 
were female (71.4%), White (85.7%), and all had an 
ECOG status of 1 or less (ECOG=0, 2 (9.5%); ECOG=1, 
19 (90.5%)). Median age at baseline was 65 years. Patients 

Figure 1  Patient disposition (all-enrolled analysis set).
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had varying malignancy types and best responses to treat-
ment at baseline. The most common malignancy type was 
colon cancer (19.0%), and most patients had PD or stable 
disease (SD) as a best response (table 1).

Treatment exposure
The overall median duration of dalutrafusp alfa treatment 
was 4.1 weeks (range 0.1–26.3), although exposure varied 
widely among dose levels: 0.3 mg/kg, 4.1 weeks; 1 mg/
kg, 2.1 weeks; 3 mg/kg, 9.9 weeks (range 6.1–10.1); 10 
mg/kg, 4.1 weeks (range 3.6–4.1); 20 mg/kg, 4.7 weeks 
(range 4.1–9.1); 30 mg/kg, 4 weeks (range 0.1–26.3); and 
45 mg/kg, 4.3 weeks (range 4.1–6.0).

Safety
Every patient had at least one AE, all of which were treat-
ment emergent. The most common AEs were fatigue 
(47.6%), nausea (33.3%), diarrhea (28.6%), and vomiting 

(28.6%; table 2). Nine of 21 (42.9%) patients had either 
a Grade 3 or 4 AE. Ten (47.6%) deaths were observed in 
this study. Two (9.5%) patients died due to AEs deemed 
unrelated to study drug: one from pulmonary embolism 
(resulting from the underlying malignancy) and the other 
from PD (table 2). Eight deaths occurred more than 30 
days after the last dose of study drug; of these, seven 
deaths were due to PD of underlying malignancy, and 
one death occurred during survival follow-up, the cause 
of which was unknown. The most common AEs occur-
ring in three or more patients and considered related to 
study drug were arthralgia (14.3%), nausea (14.3%), and 
vomiting (14.3%). Nine (42.9%) patients had serious AEs 
(SAEs) during the study, with pleural effusion reported in 
two patients (one each in 20 and 30 mg/kg dose groups). 
The following SAEs were reported in one patient each: 
abdominal pain, anemia, aortic embolus, coronavirus 

Table 1  Baseline characteristics (safety analysis set)

Characteristics

Dalutrafusp alfa doses (mg/kg)

0.3
n=1

1
n=1

3
n=3

10
n=3

20
n=3

30
n=7

45
n=3

Total
N=21

Age, years, median (range) 58 67 72 (60–77) 64 (62–83) 59 (56–70) 55 (36–77) 67 (66–79) 65 (36–83)

Sex, female, n (%) 0 1 3 2 2 6 1 15 (71.4)

Race, n (%)

 � Black 0 0 0 0 1 2 0 3 (14.3)

 � White 1 1 3 3 2 5 3 18 (85.7)

BMI, kg/m2, median (range) 26.0 22.7 28.7 
(22.0–34.7)

20.3 (19.9–
21.8)

40.4 
(32.1–
40.8)

33.6 
(26.7–
42.2)

26.6 
(26.3– 
28.2)

28.7 (19.9–
42.2)

ECOG performance status, n (%)

 � 0 0 0 1 0 0 0 1 2 (9.5)

 � 1 1 1 2 3 3 7 2 19 (90.5)

Number of prior anticancer 
regimens, median (range)

4 3 4 (2–7) 3 (3–3) 7 (3–16) 4 (1–8) 6 (4–6) 4 (1–16)

Malignancy type (best response)

 � Colon 1 (PD) 0 0 0 0 1 (NA) 2 (SD/PD) 4 (19.0)

 � Bladder 0 1 (NA) 0 0 0 0 0 1 (4.8)

 � Renal cell 0 0 1 (SD) 0 0 0 0 2 (9.5)

 � NSCL 0 0 1 (SD) 0 1 (SD) 0 0 1 (4.8)

 � Adrenal 0 0 1 (PD) 0 0 0 0 1 (4.8)

 � Pancreatic 0 0 0 3 (PD/PD/
PD)

0 0 0 3 (14.3)

 � Appendiceal 0 0 0 0 1 (PD) 0 0 1 (4.8)

 � Ovarian 0 0 0 0 1 (SD) 1 (SD) 1 (PD) 3 (14.3)

 � Liposarcoma 0 0 0 0 0 1 (SD) 0 1 (4.8)

 � Endometrial 0 0 0 0 0 2 (PD/PR) 0 2 (9.5)

 � Rectal 0 0 0 0 0 1 (NA) 0 1 (4.8)

 � Breast 0 0 0 0 0 1 (NA) 0 1 (4.8)

BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; NA, not available (patient did not make it to the first 
response); NSCL, non-small cell lung; PD, progressive disease; PR, partial response; SD, stable disease.
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disease 2019 (COVID-19) pneumonia, PD, fatigue, head-
ache, pulmonary embolism, fever, thrombocytopenia, 
tumor pain, and vomiting. The only SAE considered 
related to dalutrafusp alfa was thrombocytopenia (see 
further detail in the Supplemental Material). Dalutrafusp 

alfa was discontinued in all 21 patients: 2 (9.5%) due to 
AEs, 1 (4.8%) due to death, 6 (28.6%) due to investiga-
tor’s discretion, 1 (4.8%) due to patient’s decision, and 
11 (52.4%) due to PD (figure  1). Four (19%) patients 
had at least one AE leading to temporary interruption 

Table 2  Safety summary and incidence of AEs of any grade observed in at least 5% of the study population

Dalutrafusp alfa doses (mg/kg)

0.3
n=1

1
n=1

3
n=3

10
n=3

20
n=3

30
n=7

45
n=3

Total
N=21 (n 
[%])

AE

 � Grade 1 or 2 1 0 2 1 1 2 3 10 (47.6)

 � Grade 3 or 4 0 0 1 1 2 5 0 9 (42.9)

SAE

 � Grade 1 or 2 0 0 0 0 1 2 0 3 (14.3)

 � Grade 3 or 4 0 0 0 1 1 2 0 4 (19.0)

AEs leading to discontinuation of dalutrafusp alfa 0 0 0 0 0 2 0 2 (9.5)

AEs leading to interruption of dalutrafusp alfa 0 0 0 1 1 2 0 4 (19.0)

AEs leading to death 0 1 0 1 0 0 0 2 (9.5)

Incidence of AEs of any Grade observed in at least 5% of the study population

 � Fatigue 0 1 1 2 2 4 0 10 (47.6)

 � Nausea 0 1 1 1 0 2 2 7 (33.3)

 � Diarrhea 0 1 2 0 1 2 0 6 (28.6)

 � Vomiting 0 0 0 1 1 2 2 6 (28.6)

 � Fever 0 1 1 0 1 2 0 5 (23.8)

 � Abdominal pain 1 0 0 2 1 0 0 4 (19.0)

 � Anemia 0 1 1 1 0 1 0 4 (19.0)

 � Arthralgia 0 0 3 0 0 1 0 4 (19.0)

 � Decreased appetite 0 0 1 2 1 0 0 4 (19.0)

 � Dyspnea 0 0 1 0 0 2 0 3 (14.3)

 � Abdominal distension 0 1 0 0 1 0 0 2 (9.5)

 � ALT increased 1 0 0 0 0 1 0 2 (9.5)

 � AST increased 1 0 0 0 0 1 0 2 (9.5)

 � Back pain 0 0 0 0 1 1 0 2 (9.5)

 � Constipation 0 1 0 1 0 0 0 2 (9.5)

 � Contusion 0 0 0 0 1 1 0 2 (9.5)

 � Dehydration 0 0 0 0 0 2 0 2 (9.5)

 � Dizziness 0 0 0 2 0 0 0 2 (9.5)

 � Gait disturbance 0 0 0 2 0 0 0 2 (9.5)

 � Headache 0 0 0 0 0 2 0 2 (9.5)

 � Lymphocyte count decreased 1 0 0 1 0 0 0 2 (9.5)

 � Pleural effusion 0 0 0 0 1 1 0 2 (9.5)

 � Pruritus 0 0 0 0 0 2 0 2 (9.5)

 � Stomatitis 0 0 0 0 0 1 1 2 (9.5)

 � Tumor pain 0 0 0 1 1 0 0 2 (9.5)

 � Weight decreased 0 0 0 1 1 0 0 2 (9.5)

AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; SAE, serious AE.
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of dalutrafusp alfa. These AEs included iron-deficiency 
anemia, sinus tachycardia, fever, COVID-19 pneumonia, 
infusion-related reactions, and headache.

Laboratory abnormalities that were Grade 3 or 4 
included anemia, platelet decrease, alkaline phospha-
tase increase, gamma-glutamyl transferase increase, and 
hyponatremia. Each of these laboratory abnormalities 
occurred in two patients or fewer (<10%) and are summa-
rized in Supplemental Table S1.

There was no DLT reported. Since no DLTs occurred 
up to the highest dose evaluated, and the highest-dosed 
cohort was not fully enrolled, the MTD could not be 
determined in this study.

Pharmacokinetics and immunogenicity
The increase in dalutrafusp alfa plasma exposure was 
more than dose proportional in the 0.3–20 mg/kg dose 
range and was approximately dose proportional at doses 
above 20 mg/kg (table 3, figure 2).

Thirty-eight per cent of patients (n=8) evaluated across 
the dose levels developed ADAs. The earliest ADA onset 

on-treatment was 14 days after the first dose (Supple-
mental Table S2). There was no clear impact of ADAs 
on dalutrafusp alfa exposure in the small sample size 
evaluated.

Pharmacodynamic biomarker testing
A dose-dependent decrease in TGF-β 1/2/3 in plasma 
was observed on-treatment (figure  3 and Supplemental 
Figures S3A and S3B). There was no detectable TGF-β at 
the 20 mg/kg dose level and above at 2 hours after first 
dose and for the duration of the Q2W dosing interval. 
A dose-dependent increase in CD73 TO on B cells and 
CD8+ T cells was also observed with treatment, and 
complete TO in peripheral blood was achieved at 20 mg/
kg and above at 2 hours after first dose for the duration 
of the Q2W dosing interval (figure 3B and online supple-
mental figure 3C). Free sCD73 decreased at 2 hours after 
first dose, while remaining above the LLOQ, and then 
increased above baseline after 24 hours postdose at the 
3 mg/kg dose level and above. The sCD73 activity also 
increased similarly to free sCD73 levels (figure 3C and D).

Table 3  Pharmacokinetic parameters of dalutrafusp alfa in patients with advanced solid tumors (pharmacokinetic analysis set)

Dalutrafusp alfa doses (mg/kg)

Pharmacokinetic parameter
0.3
n=1

1
n=1

3
n=3

10
n=3

20
n=3

30
n=7

45
n=3

Cmax, μg/mL, mean (%CV) 1.3 6.0 53.1 (18.9) 144 (0.4) 703 (26.8) 858 (24.0) 1180 (11.0)

Tmax, h, median, (Q1, Q3) 2.08 2.00 1.85 (1.83, 2.05) 1.97 (1.83, 3.00) 1.75 (1.07, 1.82) 1.45 (1.07, 3.12) 1.12 (1.03, 4.93)

Ctrough, μg/mL, mean (%CV) NE* NE* 0.037† 0.076 (37.2)‡ 15.1 (30.5)‡ 32.1 (51.1)§ 45.5 (9.5)

AUCtau, μg∙h/mL, mean (%CV) NE* NE* 1480 (51.4) 5310 (11.2) 33,500 (4.9) 51,600 (31.6)¶ 64,900 (15.1)

*Ctrough at 0.3 mg/kg and 1 mg/kg were below the limit of quantitation and thus AUCtau cannot be estimated robustly.
†n=1.
‡n=2.
§n=5.
¶n=6.
AUCtau, area under the concentration versus time curve over the dosing interval; Cmax, maximum observed drug concentration; Ctrough, 
trough drug concentration; CV, coefficient of variation; h, hours; NE, not estimated; Q, quartile; Tmax, time to reach Cmax.

Figure 2  Mean (SD) dalutrafusp alfa plasma concentrations versus time during Cycle 1 (semi-log scale). LLOQ, lower limit of 
quantitation.
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Clinical efficacy
Of the 21 patients who received dalutrafusp alfa, 17 
reached the first response assessment. The overall best 
response of complete response (CR), partial response 
(PR), SD, and PD were observed in 0, 1 (4.8%), 7 (33.3%), 
and 9 (42.9%) patients, respectively. Overall response 
rate (ORR; CR+PR; 90% CI) was 4.8% (0.2% to 20.7%), 
and disease control rate (DCR; CR+PR+SD) was 38.1% 
(20.6% to 58.3%). Among the eight patients with disease 
control, two patients with best response of SD had disease 
progression (at 2.4 and 3.7 months), three patients with 
best response of SD started new anticancer therapy (at 
1.1 and 1.3 months), and three patients censored due 
to study termination.21 The median duration of disease 
control by Kaplan-Meier estimate was not reached.

The patient with confirmed PR (100% tumor reduction 
from baseline and presence of a stable non-target bone 
lesion) had Stage 4 endometrial carcinoma (microsatellite 
stable, programmed death ligand-1 <1% by Dako immu-
nohistochemistry 22C3) with one previous line of chemo-
therapy (paclitaxel/carboplatin), where best response 
was SD. This patient was receiving dalutrafusp alfa at the 

30 mg/kg dose level with a time to first response at study 
Day 84. After 26 weeks (last dose study Day 184), dalu-
trafusp alfa was discontinued due to thrombocytopenia 
(Grade 4; study Day 191), and the patient was treated with 
a platelet transfusion, one dose of intravenous immu-
noglobulin, and a course of oral dexamethasone. The 
thrombocytopenia was downgraded to Grade 3 on study 
Day 193 and resolved on study Day 197.

DISCUSSION
Dalutrafusp alfa is a first-in-class, bifunctional, mono-
clonal antibody targeting CD73 and TGF-β, two molecules 
involved in immunosuppressive pathways. This first-in-
human study indicated that dalutrafusp alfa can be safely 
administered at doses of 0.3–45 mg/kg intravenously 
Q2W. Fourteen (66.7%) patients had an AE considered 
related to dalutrafusp alfa, with 2 (9.5%) patients having 
a Grade 3 or 4 AE. Of the 21 patients in whom dalutra-
fusp alfa was discontinued, 2 (9.5%) discontinued due 
to AEs, 1 (4.8%) due to death, 6 (28.6%) due to investi-
gator’s discretion (n=4 clinical disease progression, n=1 

Figure 3  Peripheral TGF-β, CD73 TO, and sCD73 levels across all dalutrafusp alfa cohorts. (A) TGF-β1 in plasma on-treatment 
with dalutrafusp alfa. (B) CD73 TO on B cells in whole blood on-treatment with dalutrafusp alfa. (C) Free sCD73 in plasma on-
treatment with dalutrafusp alfa. (D) sCD73 activity in plasma on-treatment with dalutrafusp alfa. CD, cluster of differentiation; s, 
soluble; TGF, tumor growth factor; TO, target occupancy.
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patient deterioration, n=1 patient started an alternative 
anticancer therapy), 1 (4.8%) due to patient’s decision, 
and 11 (52.4%) due to PD. Fatigue, nausea, diarrhea, 
and vomiting were the most common AEs in this study. 
There was no DLT reported, and the MTD could not be 
determined.

One patient who achieved a PR discontinued dalutra-
fusp alfa due to an AE of Grade 4 thrombocytopenia after 
26 weeks of study treatment. This patient recovered after 
clinical intervention. There were no additional AEs of 
thrombocytopenia or laboratory platelet abnormalities 
reported for other patients in the study. The mechanism 
of thrombocytopenia, and its association with ADAs in 
this patient, remain unclear.

The increase in dalutrafusp alfa plasma exposure was 
more than dose proportional at doses in the 0.3–20 mg/
kg dose range and was dose proportional at doses above 
20 mg/kg. This suggests that dalutrafusp alfa undergoes 
target-mediated drug disposition, which is saturated at 
doses above 20 mg/kg.

Consistent with the pharmacokinetic findings, dalutra-
fusp alfa fully suppressed free peripheral TGF-β 1/2/3 
and achieved full CD73 occupancy on B cells and CD8+ T 
cells at the 20 mg/kg dose level and above for the dura-
tion of the Q2W dosing interval. However, free sCD73 
and corresponding sCD73 activity increased on-treatment 
with dalutrafusp alfa. A transient decrease in sCD73 levels 
and its activity was detected at the first day of Cycle 1 at all 
doses; however, sCD73 levels remained above the LLOQ. 
Free sCD73 levels and enzymatic activity increased above 
baseline levels after the second day of Cycle 1. This obser-
vation was unexpected. In contrast, biomarker data for 
oleclumab22 and BMS986179,23 both of which are also 
anti-CD73 monoclonal antibodies, suggested a persistent 
decrease in detection of free sCD73 in patients adminis-
tered these drugs for the duration of the dosing intervals. 
A follow-up analysis demonstrated that total plasma levels 
of sCD73 increased in patients treated with BMS986179.24 
The impact of oleclumab and BMS986179 on sCD73 
activity has not been published. The increase in total 
sCD73 may be a compensatory upregulation resulting 
from CD73 inhibition. The apparent increase of free 
sCD73 on dalutrafusp alfa treatment, but not oleclumab 
or BMS986179 treatment, may be due to the lower 
monovalent binding affinity of dalutrafusp alfa, resulting 
in the loss of dalutrafusp alfa binding to sCD73. The 
impact of the increased levels of sCD73 and the increase 
in CD73 enzymatic activity in blood with dalutrafusp 
alfa treatment on safety and efficacy needs to be further 
characterized.

Preliminary clinical activity of dalutrafusp alfa mono-
therapy was observed in this population of patients with 
advanced solid tumors, with an ORR of 4.8% and DCR of 
38.1%. Single-agent activity was observed in one patient 
with endometrial cancer who achieved PR.

This study has several limitations. The median duration 
of exposure to dalutrafusp alfa was 4.1 weeks, ranging from 
0.1–26.3 weeks. The sample size was also small, with six of 

seven treatment groups having fewer than five patients 
each. In this study, only blood biomarkers of dalutrafusp 
alfa were evaluated, as tissue biopsies pretreatment/post-
treatment were not available.

In conclusion, dalutrafusp alfa was well tolerated by 
patients with advanced solid tumors up to 45 mg/kg 
intravenously Q2W with no DLT reported. The MTD 
could not be determined in this study, and preliminary 
clinical activity was observed. Peripheral TGF-β 1/2/3 
was undetectable, and complete occupancy of CD73 on 
B cells and CD8+ T cells was achieved in patients treated 
with dalutrafusp alfa at doses 20 mg/kg or greater, consis-
tent with saturation of the target-mediated drug disposi-
tion observed at these dose levels.

Clinical development of dalutrafusp alfa continues; 
dalutrafusp alfa will be evaluated in combination with 
balstilimab (an anti-programmed cell death protein-1 
monoclonal antibody) ± chemotherapy in patients with 
advanced pancreatic cancer. Additional clinical studies 
exploring the combination of dalutrafusp alfa with check-
point inhibitors ± chemotherapy are under evaluation. 
The rationale for these studies is based on preclinical 
data demonstrating the potential of dalutrafusp alfa to 
overcome therapeutic resistance in the tumor microen-
vironment.5 7 15 25–27
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