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Abstract
Background  NIS793 is a human IgG2 monoclonal 
antibody that binds to transforming growth factor beta 
(TGF-β). This first-in-human study investigated NIS793 
plus spartalizumab treatment in patients with advanced 
solid tumors.
Methods  Patients received NIS793 (0.3–1 mg/kg every 
3 weeks (Q3W)) monotherapy; following evaluation of 
two dose levels, dose escalation continued with NIS793 
plus spartalizumab (NIS793 0.3–30 mg/kg Q3W and 
spartalizumab 300 mg Q3W or NIS793 20–30 mg/kg 
every 2 weeks [Q2W] and spartalizumab 400 mg every 
4 weeks (Q4W)). In dose expansion, patients with non-
small cell lung cancer (NSCLC) resistant to prior anti-
programmed death ligand 1 or patients with microsatellite 
stable colorectal cancer (MSS-CRC) were treated at the 
recommended dose for expansion (RDE).
Results  Sixty patients were treated in dose escalation, 
11 with NIS793 monotherapy and 49 with NIS793 
plus spartalizumab, and 60 patients were treated in 
dose expansion (MSS-CRC: n=40; NSCLC: n=20). 
No dose-limiting toxicities were observed. The RDE 
was established as NIS793 30 mg/kg (2100 mg) and 
spartalizumab 300 mg Q3W. Overall 54 (49.5%) patients 
experienced ≥1 treatment-related adverse event, most 
commonly rash (n=16; 13.3%), pruritus (n=10; 8.3%), 
and fatigue (n=9; 7.5%). Three partial responses were 
reported: one in renal cell carcinoma (NIS793 30 mg/
kg Q2W plus spartalizumab 400 mg Q4W), and two in 
the MSS-CRC expansion cohort. Biomarker data showed 
evidence of target engagement through increased 
TGF-β/NIS793 complexes and depleted active TGF-β 
in peripheral blood. Gene expression analyses in tumor 
biopsies demonstrated decreased TGF-β target genes and 
signatures and increased immune signatures.
Conclusions  In patients with advanced solid tumors, 
proof of mechanism of NIS793 is supported by evidence of 
target engagement and TGF-β pathway inhibition.
Trial registration number  NCT02947165.

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒⇒ Transforming growth factor beta (TGF-β) plays a 
critical role in the regulation of the tumor microenvi-
ronment (TME), being implicated in fibroblast activa-
tion, immune exclusion, and immune suppression. 
Given the immunomodulatory properties of TGF-β, 
the combination of TGF-β-blocking agents with 
checkpoint inhibitors has the potential to rescue 
immunological activity in the TME, leading to better 
immunological control of tumor.

⇒⇒ NIS793 is a human, anti-TGF-β, IgG2 monoclonal 
antibody that binds to TGF-β1 and TGF-β2 with high 
affinity, and TGF-β3 with a lower affinity.

WHAT THIS STUDY ADDS
⇒⇒ This trial is the first-in-human study of NIS793 in 
combination with spartalizumab (anti-programmed 
cell death protein 1 (anti-PD-1)) in patients with ad-
vanced solid tumors. In this study, we report the first 
biomarker data in paired tumor biopsies for TGF-β 
inhibition and provide insight into the safety and 
clinical implications of TGF-β blockade.

⇒⇒ Results were consistent with preclinical data that 
support proof of mechanism for NIS793 in target 
engagement and TGF-β pathway inhibition and indi-
cated that NIS793 was well tolerated in combination 
with spartalizumab, and no dose-limiting toxicities 
were observed during dose escalation.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

⇒⇒ These data support the safety and tractability of 
TGF-β-inhibition in combination with PD-1 blockade 
in the clinic. Preliminary biomarker data also sup-
port the immunomodulatory properties of NIS793, 
highlighting its use as a potential combinatorial 
agent in the context of immunotherapies. Further 
studies are warranted.
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Introduction
Transforming growth factor beta (TGF-β) is a homeostatic 
cytokine, controlling fundamental aspects of cellular 
behavior such as proliferation, migration, adhesion, 
and differentiation.1 Three isoforms of TGF-β ligands 
are found in mammals (TGF-β1-3). TGF-β is secreted as 
an inactive molecule within the latent TGF-β complex. 
Tissue-specific signaling events are required to dislodge 
the ligand from the complex, releasing the active form. 
On activation, TGF-β ligands bind to their heteromeric 
serine/threonine kinase receptors to promote phosphor-
ylation of the intracellular mediators Smad2 and Smad3 
and propagate downstream signaling events.2 3

TGF-β was originally identified as a tumor suppressor, 
due to its strong cytostatic and apoptotic potential. 
Somatic mutations that disrupt the TGF-β pathway are 
often found in human cancers and have been shown to 
relieve cancer cells from the antiproliferative effects of 
TGF-β while promoting the pro-invasive and metastatic 
functions of TGF-β. In addition to its tumor cell-centric 
role, TGF-β has a critical role in the regulation of the 
tumor microenvironment, favoring angiogenesis, fibrosis, 
and immune evasion. In this context, the direct action 
of TGF-β on immune cells has been shown to antagonize 
cytotoxic lymphocytes and promote the recruitment of 
inhibitory immune cells that favor tumor growth and 
progression.4–7 Emerging evidence also points to TGF-β as 
a pivotal activator of cancer-associated fibroblasts (CAFs), 
inciting the progressive accumulation of collagen and 
extracellular matrix. This phenomenon, referred to as 
desmoplastic reaction, has profound effects on the struc-
tural and metabolic properties of tumors, and has been 
shown to contribute to immune exclusion and immune 
suppression even in the context of therapeutic inter-
vention.3 8 Therefore, combining TGF-β inhibitors with 
checkpoint blockade therapies offers the opportunity 
to reduce the tissue barriers that limit immunotherapy 
efficacy, favoring an environment that is permissive of 
immune cell activation.3

NIS793 is a fully human, anti-TGF-β, immunoglobulin 
(Ig)G2 monoclonal antibody that binds TGF-β1 and 
TGF-β2 with high affinity, and TGF-β3 with lower affinity. 
NIS793 binds to the active forms of the TGF-β ligands 
without interfering with the secreted molecules in their 
latent forms. Notably, preclinical data generated with 
NIS793 demonstrated that the antibody in tumor-bearing 
mice is sufficient to disrupt CAF differentiation and the 
formation of a thick collagen network, while promoting 
T-cell infiltration and activity with sustained efficacy, in 
combination with programmed cell death protein-1 
(PD-1) immunotherapy.9

Herein, we present the first-in-human (FIH), dose-
escalation/dose-expansion study of NIS793 in combi-
nation with spartalizumab (anti-PD-1) in adult patients 
with advanced solid tumors. Our data demonstrate that 
NIS793 in combination with spartalizumab is well toler-
ated in patients. Furthermore, the extensive biomarker 
analyses demonstrate favorable pharmacokinetics (PK), 

target engagement, and microenvironmental changes 
supportive of proof of mechanism for NIS793. As the 
roles of TGF-β in cancer progression and response to 
therapeutic intervention continue to emerge, this study 
provides insight into the tractability, safety, and impli-
cations of TGF-β inhibition in patients, demonstrating 
proof of mechanism for NIS793.

Methods
Preclinical characterization of NIS793
Binding of NIS793 to recombinant TGF-β isoforms was 
assessed in vitro using surface plasmon resonance. The 
inhibitory activity of NIS793 was assessed using a SMAD 
reporter cell-based assay (CAGA-Luc assay), with another 
assay to monitor TGF-β-mediated interleukin 11 release 
from A549 cells. Further details are described in the 
online supplemental methods.

Study design
This is an FIH, open-label, multicenter, phase I/Ib study of 
NIS793 in combination with spartalizumab. The 0.3 mg/
kg starting dose of NIS793 corresponded to 1/30 of the 
no-observed adverse effect level in animal models and at 
least 1/10 of the dose causing minimal pharmacological 
effects in the most sensitive species (rat). Once the safety 
of the first two dose levels of single-agent NIS793 was 
evaluated, dose escalation continued in the combination 
arm only. NIS793 was mainly explored in combination 
with spartalizumab on a treatment cycle of every 3 weeks 
(Q3W) in dose escalation. However, based on emerging 
data, alternative dosing regimens, such as NIS793 every 
2 weeks (Q2W), were evaluated in combination with 
spartalizumab. In such cases, the recommended phase 2 
dose of spartalizumab (400 mg every 4 weeks (Q4W)) was 
used to align with NIS793 dosing. Per protocol, patients 
treated with single-agent NIS793 were switched to NIS793 
plus spartalizumab at the combination dose level that 
met the Escalation with Overdose Control (EWOC) prin-
ciple based on dose-limiting toxicity (DLT) data, either 
on disease progression or after two cycles, whichever 
occurred earlier, unless unacceptable toxicity occurred. 
If a patient had no Grade ≥2 treatment-related adverse 
event (TRAE) and no clinical evidence of disease progres-
sion within the first two cycles or had clinical evidence of 
disease progression within the second cycle, but had no 
TRAE ≥Grade 2, the switch to a combination of NIS793 
plus spartalizumab at the next cycle was considered. 
Safety data from dose escalation were used to establish 
the recommended dose for expansion (RDE) of the 
combination prior to the dose expansion part.

In dose expansion, patients with either non-small 
cell lung cancer (NSCLC), resistant to prior anti-
PD-1/programmed death-ligand 1 (PD-L1) therapy or 
microsatellite-stable colorectal cancer (MSS-CRC) were 
recruited.

This study is registered in ​ClinicalTrials.​gov. This trial 
was conducted in Austria, Canada, Germany, Hong Kong, 

https://dx.doi.org/10.1136/jitc-2023-007353


3Bauer TM, et al. J Immunother Cancer 2023;11:e007353. doi:10.1136/jitc-2023-007353

Open access

Italy, Japan, Switzerland, Taiwan and the USA. The data 
cut-off date (last patient last visit (LPLV)) was on June 18, 
2021.

Study objectives
The primary objectives of this study were to characterize 
the safety and tolerability of NIS793 with or without spar-
talizumab and to identify recommended doses for future 
studies of NIS793 in combination with spartalizumab. 
Secondary objectives were to characterize the preliminary 
antitumor activity and PK, and assess immunogenicity, of 
NIS793 with or without spartalizumab, as well as to eval-
uate modulation of tumor-infiltrating lymphocytes (by 
NIS793 with or without spartalizumab).

Patient eligibility
Eligible patients were aged ≥18 years with an Eastern 
Cooperative Oncology Group performance status (ECOG 
PS) of ≤2. Patients with advanced/metastatic solid tumors 
who had progressed despite standard therapy or were 
intolerant to standard therapy, or for whom no standard 
therapy existed, were eligible. In dose expansion, two 
groups were enrolled: patients with NSCLC with known 
ALK/EGFR mutations, resistant to anti-PD-1/PD-L1 
therapy (defined as documented progressive disease 
(PD) occurring while on/or within 6 months after anti-
PD-1 and/or anti-PD-L1 agent (single or combination) 
received as the last therapy prior to enrollment) and 
patients with MSS-CRC (not mismatch repair deficient, 
by local assay including PCR and/or immunohistochem-
istry (IHC)). Within dose escalation, patients could have 
measurable/non-measurable disease as per Response 
Evaluation Criteria in Solid Tumors version 1.1 (RECIST 
V.1.1); in dose expansion, patients had to have at least 
one measurable lesion. To be included, patients were 
required to be willing to provide tumor biopsies at base-
line and during treatment. Key exclusion criteria were: 
patients with presence of symptomatic central nervous 
system (CNS) metastases or CNS metastases requiring 
local therapy (patients with treated brain metastases 
must have been neurologically stable and off steroids 
for at least 4 weeks before entering the study); impaired 
cardiac function or clinically significant cardiac disease 
or a history of severe hypersensitivity reactions to study 
treatment ingredients or monoclonal antibodies; history 
of drug-induced pneumonitis or current pneumonitis; 
current HIV infection; and active hepatitis B or hepa-
titis C infection. Other exclusion criteria included active, 
known, or suspected autoimmune disease; receipt of 
immunosuppressive medication (such as steroid therapy; 
≥10 mg/day of prednisone or equivalent), prior radio-
therapy, or major surgery within 2 weeks of the first day 
of study treatment (C1D1); and prior cytotoxic therapy or 
antineoplastic surgery within 3 weeks of C1D1.

Dosing regimens
For dose escalation, in the single-agent arm, NIS793 was 
administered at 0.3 or 1 mg/kg Q3W; in the combination 

arm, dosing was as follows: NIS793 0.3–30 mg/kg Q3W plus 
spartalizumab 100–300 mg Q3W, or NIS793 20–30 mg/
kg Q2W plus spartalizumab 400 mg Q4W (online supple-
mental table 1). The RDE was declared based on all avail-
able clinical data (safety, PK, and pharmacodynamic) 
from the NIS793 plus spartalizumab combination arm. 
Patients who started on single-agent NIS793 were allowed 
to switch to combination therapy applying the EWOC 
principle. In dose expansion, patients were treated at the 
RDE of the combination. Treatment was administered 
until unacceptable toxicity, PD as per immune-related 
response criteria (irRC), death, loss to follow-up, or due 
to patient/physician decision. Treatment was discon-
tinued if adverse events (AEs)/any other protocol devi-
ation occurred that resulted in a significant risk to a 
patient’s safety, or due to pregnancy or death.

Safety assessments
Regular safety assessments were performed, based on 
physical examinations, vital signs, ECOG PS, laboratory 
parameters, and cardiac assessments. AEs, defined by the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events V.4.03, were assessed at every visit.

Response assessments
Efficacy was evaluated by local investigator’s assessment 
per RECIST V.1.1 and irRC. Tumor assessments were 
performed every two cycles (ie, every 6–8 weeks) from 
Cycle 3 Day 1 up to Cycle 9 Day 1, then every three cycles 
afterwards (ie, every 9–12 weeks). Disease progression 
follow-up was conducted every 8 weeks for up to 40 weeks, 
then every 12 weeks until progression of disease per irRC, 
withdrawal of consent, or loss to follow-up.

Pharmacokinetic assessments
Blood samples for PK analyses were collected pre-dose and 
post-dose (PK profiles) in Cycles 1 and 3. The following 
PK parameters were determined for all treatment arms: 
maximum plasma concentration (Cmax); time to peak 
drug concentration; area under the curve from the time 
of dosing to the last measurable concentration (AUClast); 
area under the plasma concentration-time curve extrap-
olated to infinity; area under the plasma concentration-
time curve from time zero to the end of the dosing 
interval; half-life; and the accumulation of NIS793 and 
spartalizumab.

Pharmacodynamic analyses
An archival tumor sample or a newly obtained, pretreat-
ment tumor biopsy was collected at screening. On-treat-
ment biopsies were collected between Days 2 and 4 of 
Cycle 3, and blood and plasma samples were obtained 
pre-dose and post-dose of Cycles 1 and 3. Active TGF-β 
was detected in the serum pre-dose and post-dose of 
NIS793 to assess target engagement using the Simoa plat-
form from Quanterix (run at Myriad RBM), with NIS793 
binding to the ligand known to block its detection in 
this assay. Total TGF-β (bound to NIS793) was measured 
using a validated ELISA. RNA sequencing and assessment 
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of TGF-β pathway and immune activation gene signatures 
were performed.

RNA sequencing was performed on RNA extracted 
from formalin-fixed, paraffin-embedded tumor biopsies 
from patients, as previously described.10 Gene expres-
sion data were normalized using the trimmed mean of 
M-value normalization, as implemented in the edgeR 
R/Bioconductor package V.3.20.9. Gene expression 
profiling of biopsy tumors at screening was used to iden-
tify the consensus molecular subtype (CMS) of patients 
with colorectal cancer (CRC).10 IHC was performed on 
biopsies, looking at cluster of differentiation 8 (CD8) and 
PD-L1, to assess baseline levels and changes following 
treatment. Published and in-house gene sets were used 
(online supplemental table 2) to investigate pathway 
expression levels at baseline across patients (Z-scaled 
counts per million) and for paired tumor biopsies, 
comparing post-treatment biopsies versus screening (log2 
fold change in expression as compared with baseline) 
for treatment-specific modulation. All calculations and 
plots were generated in R using the ComplexHeatmap 
package. Activity of TGF-β in the biopsies was assessed by 
looking at gene expression signatures. The EMT,11 TGF-β 
(Genentech),12 and IFNγ10 gene signatures are described. 
The IFNγ hallmark gene signature is described in the 
Gene Set Enrichment Analysis.13

In vitro treatment of tumor samples with bulk RNA sequencing 
and derivation of Novartis TGF-ß gene signature
Dissociated, viable tumor tissues from six patients with 
clear cell renal cell carcinomas were cultured overnight 
with TGF-β-blocking antibodies, including NIS793; PD-1-
blocking antibody (spartalizumab); or TGF-β ligand. 
Bulk RNA was isolated and sequenced. Genes modulated 
by PD-1 blockade were excluded from further analysis. 
Public databases were used to assess expression of NIS793-
responsive genes in tumor and normal tissues. The eight 
genes in the Novartis TGF-β gene signature are: FOXS1, 
SOX4, PMEPA1, HEYL, FAP, ALOX5AP, COL1A1, and 
TBC1D2B (online supplemental table 2). Further details 
are provided in the online supplemental methods.

Statistical methods
Assuming a true AE incidence rate ≥5% and a proba-
bility of detecting an AE greater than 0.99, this study 
planned to enroll approximately 160 patients. In the 
dose-escalation part, cohorts of 1–6 or 3–6 patients were 
enrolled to receive NIS793 or NIS793 plus spartalizumab, 
respectively. For the dose-expansion part, 20–40 patients 
were planned in each indication to allow for a robust 
assessment of the overall response rate. The full anal-
ysis set, and safety set included all patients who received 
≥1 dose of NIS793 or ≥1 full/partial dose of NIS793 plus 
spartalizumab and patients were analyzed according to 
the treatment most frequently taken in cycle 1 for NIS793 
and cycles 1 and 2 for NIS793 plus spartalizumab. Dose-
escalation was guided by a Bayesian logistic regression 
model (BLRM), applying the EWOC principle. The 

DLT relationship for NIS793 single agent was described 
by a two-parameter BLRM, whereas the relationship for 
NIS793 plus spartalizumab with a dosing regimen of Q3W 
was described by a five-parameter model. When the dosing 
regimen changed to Q2W, a Bayesian hierarchical logistic 
regression model was used to estimate the dose–DLT rela-
tionship, to incorporate information from both dosing 
regimens. Further specifications of the model priors and 
how dose-escalation decisions were determined are given 
in the CNIS793×2101 Clinical Study Report. Additional 
information on AEs, efficacy and PK parameters are 
detailed in the additional online supplemental informa-
tion section.

Results
NIS793 is a human monoclonal antibody that binds to 
TGF-β1 and TGF-β2 with high affinity, and to TGF-β3 with 
lower affinity (online supplemental figure 1A). NIS793 
has shown significant activity in different in vitro cell-
based assays (online supplemental figure 1B). In murine 
models of cancer, NIS793 remodeled the tumor microen-
vironment and enhanced the efficacy of PD-1 blockade, 
supporting the rationale for its combination with spartal-
izumab that was tested in this FIH trial.9

Patient characteristics
Between April 25, 2017, and June 18, 2021 (LPLV), 120 
patients had been treated across both dose escalation and 
dose expansion at 12 sites, in 9 countries (online supple-
mental figure 2). Sixty patients were treated in escalation 
(11 with single-agent NIS793 and 49 with NIS793 plus 
spartalizumab) and 60 patients were treated in expansion 
(40 in the MSS-CRC group and 20 in the NSCLC group).

Patient demographics and baseline characteristics are 
shown in table 1 and were similar across patients treated 
with single-agent NIS793 and in combination with spar-
talizumab during dose escalation/expansion. Across all 
study parts, the median age was 62 years (range, 32–84) 
and most patients (98.3%) had an ECOG PS of 0 or 1. 
All patients had received prior antineoplastic therapy 
(table 1), with a median of three prior medications (range, 
1–11). The most common primary cancer types were CRC 
(44.2%), NSCLC (18.3%), and pancreatic cancer (8.3%) 
while the most frequent sites of metastasis for all patients 
were the liver (51.7%) and lung (55.8%; table 1).

Patient disposition
Most patients (102 patients; 85.0%) discontinued study 
treatment due to PD; 7 (5.8%) discontinued due to AEs, 
6 (5.0%) due to patient/guardian decision, and 5 (4.2%) 
due to death due to study indication. AEs that led to study 
drug discontinuation included Grade 2 unrelated tumor 
hemorrhage, Grade 3 related anemia, Grade 4 related 
hyperglycemia, Grade 1 related keratoacanthoma, Grade 
2 related colitis, Grade 3 related diarrhea, Grade 1 related 
rash, and Grade 1 related pruritus.

https://dx.doi.org/10.1136/jitc-2023-007353
https://dx.doi.org/10.1136/jitc-2023-007353
https://dx.doi.org/10.1136/jitc-2023-007353
https://dx.doi.org/10.1136/jitc-2023-007353
https://dx.doi.org/10.1136/jitc-2023-007353
https://dx.doi.org/10.1136/jitc-2023-007353
https://dx.doi.org/10.1136/jitc-2023-007353
https://dx.doi.org/10.1136/jitc-2023-007353
https://dx.doi.org/10.1136/jitc-2023-007353
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Table 1  Baseline patient demographics, characteristics, prior therapies, and disease history

All dose escalation patients All dose expansion patients All patients

n=60 n=60 n=120

Median age, years (range) 61.0 (32–84) 62.0 (33–80) 62.0 (32–84)

Sex (male), n (%) 38 (63.3) 37 (61.7) 75 (62.5)

Race, n (%)

 � Caucasian 33 (55.0) 50 (83.3) 83 (69.2)

 � Asian 25 (41.7) 10 (16.7) 35 (29.2)

 � Black 1 (1.7) 0 1 (0.8)

 � Unknown 1 (1.7) 0 1 (0.8)

ECOG PS, n (%)

 � 0 21 (35.0) 27 (45.0) 48 (40.0)

 � 1 37 (61.7) 33 (55.0) 70 (58.3)

 � 2 2 (3.3) 0 2 (1.7)

Prior therapy, n (%)

 � Any therapy 60 (100) 60 (100) 120 (100.0)

 � Surgery 51 (85.0) 50 (83.3) 101 (84.2)

 � Radiotherapy 28 (46.7) 31 (51.7) 59 (49.2)

 � Immunotherapy 26 (43.3) 24 (40.0) 50 (41.7)

Time from last therapy to start of study, 
months, median (range)

3.7 (2.4–17.0) 4.1 (0.8–24.1) 4.9 (1.7–62.5)

Type of cancer, n (%)

 � Colorectal cancer 13 (21.7) 40 (66.7) 53 (44.2)

 � Non-small cell lung cancer 2 (3.3) 20 (33.3) 22 (18.3)

 � Adrenocortical carcinoma 2 (3.3) 0 2 (1.7)

 � Cholangiocarcinoma 4 (6.7) 0 4 (3.3)

 � Cutaneous melanoma 2 (3.3) 0 2 (1.7)

 � Endometrial cancer 1 (1.7) 0 1 (0.8)

 � Esophageal cancer 4 (6.7) 0 4 (3.3)

 � Gall bladder cancer 1 (1.7) 0 1 (0.8)

 � Gastrointestinal stromal 1 (1.7) 0 1 (0.8)

 � Head and neck cancer 1 (1.7) 0 1 (0.8)

 � Hepatocellular carcinoma 3 (5.0) 0 3 (2.5)

 � Melanoma 3 (5.0) 0 3 (2.5)

 � Pancreatic cancer 10 (16.7) 0 10 (8.3)

 � Prostate cancer 1 (1.7) 0 1 (0.8)

Site of metastasis, n (%)

 � Adrenal 6 (10.0) 5 (8.3) 11 (9.2)

 � Bone 12 (20.0) 17 (28.3) 29 (24.2)

 � Brain 2 (3.3) 6 (10.0) 8 (6.7)

 � Liver 32 (53.3) 30 (50.0) 62 (51.7)

 � Lung 35 (58.3) 32 (53.3) 67 (55.8)

 � Other lymph node 9 (15.0) 8 (13.3) 17 (14.2)

 � Peritoneum 13 (21.7) 7 (11.7) 20 (16.7)

 � Mediastinum lymph nodes 6 (10.0) 6 (10.0) 12 (10.0)

 � Paratracheal lymph nodes 4 (6.7) 5 (8.3) 9 (7.5)

 � Pleural 4 (6.7) 5 (8.3) 9 (7.5)

Please note for sites of metastasis, only the 10 most common are reported in the above table.
ECOG PS, Eastern Cooperative Oncology Group performance status.
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Eight of the 11 (72.7%) patients treated with single-
agent NIS793 in the dose escalation group discontinued 
treatment due to PD and three (27.3%) due to patient/
guardian decision. Of the 11 patients treated with single-
agent NIS793 in the dose escalation group, eight patients 
switched to NIS793 plus spartalizumab following disease 
progression or two cycles (whichever was earlier).

Safety and tolerability
Overall, 119/120 (99.2%) treated patients experienced 
an AE of any grade and 69 (57.5%) patients experienced 
an AE Grade ≥3, regardless of relationship to study treat-
ment, as detailed in online supplemental table 3.

Of patients treated with single-agent NIS793 (n=11), 6 
(54.5%) reported a TRAE (three in the 0.3 mg/kg cohort 
and three in the 1 mg/kg cohort) of which 1 (9.1%) was 
Grade ≥3 (decreased appetite; 1 mg/kg cohort).

Across patients treated with NIS793 plus spartali-
zumab in dose escalation, 21 (42.9%) patients reported 
a TRAE, with 3 (6.1%) being Grade ≥3 in severity (drug 
eruption, hepatic enzyme increase, and rash). TRAE 
profiles were comparable between dosing cohorts, with 
the majority being skin toxicity or gastrointestinal events. 
When comparing the NIS793 Q3W and Q2W regimens, 
there did not appear to be a higher frequency or grade 
of AEs; therefore, because the Q3W regimen allowed for 
more convenient combination with Q3W dosing of spar-
talizumab, the Q3W regimen was taken forward to dose 
expansion (table 2).

Within the dose expansion cohorts, 19 (47.5%) 
patients with MSS-CRC and 14 (70.0%) patients with 
NSCLC, treated at the RDE, reported a TRAE of any 
grade; Grade≥3 TRAE were reported in 4 (10.0%) and 6 
(30.0%) patients, respectively (table 2).

TRAEs in all patients treated with NIS793 plus spartal-
izumab across both dose escalation and dose expansion 
are shown in online supplemental figure 3. Combining 
spartalizumab with NIS793 did not appear to increase the 
frequency or severity of the AEs reported as compared 
with spartalizumab monotherapy.14 There was one Grade 
4 TRAE in dose expansion (hyperglycemia in a patient 
with MSS-CRC): this case was further assessed, and it 
was concluded that there were no confounding factors 
affecting it.

Serious AEs (SAEs), regardless of causality, were 
observed with NIS793 plus spartalizumab in 22 (44.9%) 
patients in dose escalation and in 27 (45.0%) patients 
in dose expansion. In the dose-escalation combination 
cohorts, SAEs suspected to be related to study treatment 
were reported in three patients who experienced rash 
(n=1; NIS793 30 mg/kg Q2W plus spartalizumab 400 mg 
Q4W); drug eruption (n=1; NIS793 0.3 mg/kg Q3W 
plus spartalizumab 300 mg Q3W); and increased hepatic 
enzyme (n=1; NIS793 20 mg/kg Q2W plus spartalizumab 
400 mg Q4W). In dose expansion, six patients experi-
enced an SAE suspected to be treatment related, which 
included rash (n=3), colitis, diarrhea, hematuria, and 

hyperglycemia (n=1 each). One patient reported both 
colitis and diarrhea.

No DLTs were reported, supporting that NIS793 was 
well tolerated at the doses explored in this FIH study. Dose 
escalation was guided by an adaptive BLRM following the 
EWOC principle, to ensure that the RDE did not exceed 
the maximum tolerated dose (MTD). To identify the 
MTD/RDE, at least six patients had to be treated at this 
dose or combination for the corresponding regimen, 
and a minimum of 18 patients had to be treated with 
the combination of NIS793 plus spartalizumab; however, 
determination of the RDE could be made with fewer 
patients prior to the identification of the MTD. Due to 
the absence of observed DLTs, the MTD was not reached. 
The RDE for NIS793 plus spartalizumab was declared 
as NIS793 30 mg/kg Q3W in combination with spartali-
zumab 300 mg Q3W, which translates to NIS793 2100 mg 
Q3W and spartalizumab 300 mg Q3W as fixed flat doses.

Preliminary efficacy
The best overall response (BOR) across all evaluable 
patients (N=119) was three patients with partial response 
(PR) (2.5%), 29 (24.2%) patients with stable disease (SD) 
(included one patient with unconfirmed PR in dose esca-
lation), 67 (55.8%) patients with PD, and 21 (17.5%) 
patients with unknown responses (figure  1, online 
supplemental table 4). Of the patients with unknown 
responses (n=21), 4 started new antineoplastic therapy 
before the first post-baseline assessment, 14 had no valid 
post-baseline assessment (mainly due to early progres-
sion), 2 patients had SD too early, and 1 had PD too late 
for evaluation.

BORs of patients in dose escalation (n=60) were: PR 
(n=1; 1.7%); SD (n=14; 23.3%); the disease control 
rate (DCR) was 25.0% (95% CI, 14.7 to 37.9). Across all 
patients in dose escalation of NIS793 plus spartalizumab 
(n=49), BORs were: PR (n=1; 2.0%); SD (n=8; 16.3%). 
The DCR was 18.4% (95% CI, 8.8 to 32.0). Within dose 
escalation, the duration of response (DOR) for the 
patient with a confirmed PR was 113 days. In the dose 
expansion, BORs for patients with MSS-CRC (n=40) were: 
PR (n=2; 5.0%); SD (n=3; 7.5%). The DCR was 12.5% 
(95% CI, 4.2 to 26.8). For the two patients with confirmed 
PRs, DORs were 111 days and 195 days. For patients with 
NSCLC (n=20) in dose expansion, BORs were: SD (n=12; 
60.0%); there were no cases of PR. The DCR was 60.0% 
(95% CI, 36.1 to 80.9).

Regardless of whether patients received single-agent 
(dose escalation) or combination treatment (dose esca-
lation and dose expansion), the median progression free 
survival (PFS) was 1.41 months. For dose escalation, the 
NIS793 plus spartalizumab combination arm median PFS 
was 1.41 months (95% CI, 1.25 to 1.81). For dose expan-
sion, median PFS in the MSS-CRC and NSCLC groups 
were 1.38 months (95% CI, 1.22 to 1.41) and 2.40 months 
(95% CI, 1.28 to 4.63), respectively. Kaplan-Meier plots 
by disease group are presented in online supplemental 
figure 4.

https://dx.doi.org/10.1136/jitc-2023-007353
https://dx.doi.org/10.1136/jitc-2023-007353
https://dx.doi.org/10.1136/jitc-2023-007353
https://dx.doi.org/10.1136/jitc-2023-007353
https://dx.doi.org/10.1136/jitc-2023-007353
https://dx.doi.org/10.1136/jitc-2023-007353
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Figure 1  Waterfall plot for best overall response for dose expansion (n=119) (investigator assessed). A change in formulation 
(NIS793 originally provided as aliquid for infusion and subsequently as blyophilisate for infusion), which occurred at the first 
dose level of the study, and proven to be safe, with no difference in the formulation. During dose-escalation, one patient with 
non-measurable disease as per RECIST V.1.1 was recruited (per protocol). MSS-CRC, microsatellite stable colorectal cancer; 
NSCLC, non-small cell lung cancer; PD, progressive disease; PR, partial response; Q3W, every 3 weeks; Q4W, every 4 weeks; 
RECIST V.1.1, Response Evaluation Criteria in Solid Tumors version 1.1; SD, stable disease; UNK, unknown; uPR; unconfirmed 
partial response.

Pharmacokinetics
Exposure to NIS793 (AUClast and Cmax) was approximately 
dose proportional across doses administered in single-
agent and combination arms (figure  2). Exposure was 
comparable when comparing Cycles 1 and 3, indicating 
no substantial accumulation. This was confirmed with the 
accumulation ratio ranging from 0.48 to 1.78. The Cmax 
and AUClast of NIS793 in combination with spartalizumab 
at 100, 300, or 400 mg doses were comparable to those of 
single-agent NIS793, indicating a lack of drug–drug inter-
action with spartalizumab. Based on PK modeling, the 
predicted exposure and trough concentration at steady 
state between weight-based and fixed dosing regimens 
were comparable across different body weight categories. 
This analysis supports the use of flat dosing on a milligram 
basis irrespective of patient body weight, as weight-based 
dosing did not decrease inter-individual variability. Model-
based simulations indicated that an RDE for NIS793 of 
2100 mg would match exposure observed at 30 mg/kg 
(data not shown). Furthermore, within the single-agent 
NIS793 and NIS793 plus spartalizumab cohorts, elimi-
nation was comparable, indicating the absence of target-
mediated drug disposition.

In addition, when given in combination with NIS793, 
exposure to spartalizumab was dose proportional and 
comparable between cycles (data not shown). These 
data were consistent with data for single-agent spartali-
zumab,14 15 indicating a lack of drug–drug interaction of 
NIS793 on the PK of spartalizumab.

Biomarker analyses
As free TGF-β (unbound to latent complex) is the bioac-
tive molecule in TGF-β signaling, an assay was developed 
to measure active TGF-β1 in peripheral tissues. Active 
TGF-β1 was found to be depleted from serum at all 

doses≥0.3 mg/kg (Q3W; figure 3A). Across Cycles 1 and 
3, increases in total TGF-β1 (free, active ligand bound 
to NIS793) were observed in serum at doses ≥20 mg/kg 
(Q2W and Q3W; figure 3B), consistent with the fact that 
binding of NIS793 to the ligand may increase its stability 
and reduce clearance from circulation. TGF-β pathway 
activity was assessed using several gene signatures that 
encompass a disparate set of TGF-β target genes. A decrease 
was observed in the expression of TGF-β response gene 
signatures in 6/11 paired samples, alongside activation 
of interferon gamma transcriptional program, suggesting 
induction of an active immune response (figure  4). At 
baseline, COL1A1, SOX4, PMEPA1 and TBC1D2B had the 
highest level of expression in the Novartis TGF-β gene 
signature. The greatest change with NIS793 treatment 
was seen in PMEPA1. Looking at the other gene signa-
tures, genes with the greatest post-treatment depletion 
were COL1A1, FAP and HEYL (by decreasing order). 
Moreover, recent publications identified TGF-β activity 
as leading to immune suppression and T-cell exclusion 
from human bladder cancer and in animal models.3 8 
An increase in CD8+T cells by IHC was apparent in the 
majority of paired biopsy samples (figure 4C). Although 
the sample size for on-treatment biopsies was small, the 
combined tumor and peripheral marker data support the 
proof of mechanism that NIS793 may increase immune 
activation, with increased levels of pharmacodynamic 
markers such as CD8 observed across most tissue samples. 
Exploratory analysis of CD8 staining in biopsies did 
not reveal any correlation between response and CD8 
staining.3 In patients with MSS-CRC, exploratory analysis 
of RNA sequencing data using the CMS descriptions16 
showed high TGF-β pathway activity in the CMS4 subtype, 
but no correlation with clinical response to NIS793.
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Figure 2  Geometric mean and arithmetic mean (SD) of concentration-time profiles of NIS793 by treatment and cycle.  
MSS-CRC, microsatellite-stable colorectal cancer; NSCLC, non-small cell lung cancer; Q2W, every 2 weeks; Q3W, every 3 
weeks; Q4W, every 4 weeks.

Discussion
This FIH, open-label, multicenter study consisted of 
dose escalation of single-agent NIS793, and NIS793 

in combination with spartalizumab, followed by dose 
expansion of NIS793 in combination with spartalizumab 
in patients with NSCLC resistant to prior anti-PD-1/
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Figure 3  Serum TGF-β concentration over time on study treatment. (A) Active TGF-β1 and 3 ligands were detected in all 
but one patient prior to initial dose of NIS793. Post-NIS793 dosing, all serum samples were below limit of quantification, 
demonstrating that free, active TGF-β was greatly reduced (B) Total TGF-β concentration over time on study treatment. aTGF-β 
assay measures isoform 1. A change in formulation (NIS793 originally provided as bliquid for infusion and subsequently as 
clyophilisate for infusion), which occurred at the first dose level of the study, and proven to be safe, with no difference in the 
formulation. The timing for collection was slightly different when referring to C3, depending on whether the dosing regimen was 
NIS793 Q2W or Q3W. BL, baseline; C, Cycle; D, Day; EOT, end of treatment; LLOQ, lower limit of quantification;  
MSS-CRC; microsatellite-stable colorectal cancer; NSCLC, non-small cell lunger cancer; Q2W, every 2 weeks; Q3W, every 3 
weeks; Q4W, every 4 weeks; TGF-β, transforming growth factor beta.
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Figure 4  NIS793 proof of mechanism in the tumor. (A) Levels of TGF-β pathway and immune activation at baseline were 
assessed using two gene expression signatures for TGF-β (one from Genentech and one from Novartis) and an IFN-γ gene 
signature, respectively, derived from bulk RNA sequencing, (B) on-treatment modulation of gene signatures versus baseline for 
paired tumor biopsies from 11 patients is shown using five readouts for TGF-β activity (PMEPA1 gene expression and 4 gene 
signatures capturing fibroblast, TGF-β and EMT activity), as well as two gene signatures for IFN-γ activity, derived from bulk 
RNA sequencing. The average log2 fold change of those gene signatures across all paired samples in the box plot on the right, 
and (C) CD8 detection derived from immunohistochemistry per cent marker area at baseline and on treatment is shown in the 
heat map with percent change shown as a bar graph. CD8, cluster of differentiation 8; CMS, consensus molecular subtypes; 
EMT, epithelial-to-mesenchymal transition; FC, fold change; GNT, Genentech; IFNγ, interferon gamma; NVS, Novartis;  
PMEPA1, prostate transmembrane protein, androgen induced 1; Q2W, every 2 weeks; Q3W, every 3 weeks, Q4W, every 4 
weeks; TGF-β, transforming growth factor beta.

anti-PD-L1 therapy, or patients with MSS-CRC, a disease 
with known resistance to PD-1 blockade. Results from 
dose escalation showed that NIS793 is well tolerated 
in combination with spartalizumab in patients with 
advanced solid tumors. The safety profile was accept-
able and no DLTs were reported in dose escalation. No 
difference was observed in the safety profile between the 
two regimens, Q2W and Q3W, across dose levels. There-
fore, due to convenience, the Q3W regimen was moved 
forward into the dose expansion part. NIS793 dosage was 
found to have no effect on the safety profile, and overall, 
the nature, frequency, and grade of AEs showed no differ-
ences to those reported in patients receiving spartali-
zumab monotherapy.14 15

Within this heavily pretreated patient population 
already exposed to anti-PD-L1 therapy, PRs were achieved 
in three patients (2.5%): one patient in the NIS793 plus 
spartalizumab dose-escalation and two patients in the MSS-
CRC dose-expansion arm. One unconfirmed PR in the 
dose-escalation part was included in the SD count. SD was 
achieved for 29 patients (24.2%), 8 patients in the NIS793 
plus spartalizumab escalation, 12 in NSCLC expansion 
and three in the MSS-CRC expansion part. Encouraging 
DORs were observed in patients who reported PR; DOR 
was 113 days (one patient in NIS793 plus spartalizumab 
dose escalation), and 111 days and 195 days (two patients 
in the MSS-CRC group). Similar responses were observed 
in patients receiving spartalizumab monotherapy.14 In 
comparison, bintrafusp alfa, a bifunctional fusion protein 
composed of the extracellular domain of TGF-β receptor 
II fused to a human IgG1 anti-PD-L1 monoclonal anti-
body (a “TGF-β trap”), has reported no responses 

(overall response rate; 0%) in microsatellite instability-
high tumors in patients who previously progressed on 
checkpoint inhibitor therapy.17 The design and mecha-
nism of action of NIS793 is considerably different, which 
may provide explanation into the different response rate 
versus bintrafusp alfa. NIS793 antagonizes TGF-β1 and 
TGF-β2 with high affinity, and TGF-β3 with lower affinity, 
whereas bintrafusp alfa neutralizes all isoforms of TGF-β. 
Bintrafusp alfa blocks PD-L1, which also differs from 
this trial, where we blocked PD-1 directly. SAR439459, a 
human anti-TGF-β monoclonal antibody that has been 
reported to neutralize TGF-β, also showed limited activity 
in a phase I trial in advanced solid tumors.18 In terms of 
safety, similar AEs were reported to those frequently seen 
with bintrafusp alfa.19 20 Of note, skin-related AEs such as 
reversible cutaneous keratoacanthomas/squamous-cell 
carcinomas and hyperkeratosis, were most commonly 
reported with the pan–TGF-β neutralizing antibody freso-
limumab but were not frequently reported in this study.

The PK of NIS793 demonstrated dose proportionality 
and was typical of a monoclonal antibody. As expected, 
no PK drug–drug interaction between NIS793 and spar-
talizumab was seen. Importantly, systemic target engage-
ment and modulation of TGF-β activity in tumors was 
observed, supporting proof of mechanism. There was 
also a decrease in free, active TGF-β in circulation, with 
accumulation of TGF-β/NIS793 complex. Gene signature 
analyses in paired biopsies from 11 patients suggest poten-
tial modulation of TGF-β-driven biological activity. There 
was a trend toward a decrease in TGF-β-responsive gene 
expression as well as increased immune activation genes 
and increased CD8 in the tumors. Furthermore, COL1A1 
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and FAP are markers of stroma remodeling for which the 
observed changes are consistent with the mechanism of 
action of NIS793 that was described in the preclinical 
manuscript.9 In post-treatment biopsies, the downregula-
tion of TGF-β target genes, including PMEPA1, which is 
detected in many human tumors and the expression of 
which is driven by TGF-β signaling,21 was reported. We 
also noted that in patients with greater clinical responses, 
we saw a higher level of TGF-β pathway activity in their 
baseline tumor biopsies, suggesting that the target was 
active in those lesions. To our knowledge, these are the 
first reported biomarker data in paired tumor biopsies for 
TGF-b blockade.

When examining whether patients with MSS-CRC and 
the CMS4 subtype were more responsive to NIS793, we 
did not observe any increased activity in this specific 
subtype, consistent with results reported in clinical trial 
NCT03436563.22

This FIH study provides preliminary indication of 
proof of mechanism and supports continuous explo-
ration of NIS793 in combination with other treatments 
and in other therapeutic settings. Although limitations in 
data interpretation exist, because of the relatively small 
number of patients and samples, the data herein reported 
suggest that NIS793 may offer the potential for effective 
combination with agents that have different mechanisms 
of action, allowing treatment combinations to be tailored 
to best suit specific indications and individual patients.9
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