
Vol.:(0123456789)

Cancer Immunology, Immunotherapy (2024) 73:44 
https://doi.org/10.1007/s00262-023-03623-z

RESEARCH

INDUCE‑2: A Phase I/II, open‑label, two‑part study of feladilimab 
in combination with tremelimumab in patients with advanced solid 
tumors

John F. Hilton1 · Patrick A. Ott2 · Aaron R. Hansen3 · Zujun Li4 · Matthen Mathew5   · Cristina H. Messina6 · 
Vimal Dave7 · Xiao Ji6 · Natalie O. Karpinich6 · Steven Hirschfeld6 · Marc Ballas6 · Dan P. Zandberg8 

Received: 31 August 2023 / Accepted: 25 December 2023 / Published online: 13 February 2024 
© The Author(s) 2024

Abstract
Combining immunotherapies with distinct mechanisms of action has the potential to overcome treatment resistance and 
improve outcomes. The inducible T-cell co-stimulator (ICOS) agonist feladilimab is directed at enhancing T-cell activation 
and function, thereby promoting an antitumor response. INDUCE-2 (NCT03693612) was a Phase I/II, open-label, two-part 
study evaluating the anti-ICOS agonist feladilimab in combination with the anti-CTLA-4 antibody tremelimumab in patients 
with select advanced solid tumors. Objectives of Part 1 were to determine the safety, tolerability, and recommended phase 2 
dose (RP2D) of feladilimab in combination with tremelimumab. In Part 2, the antitumor activity of the combination (admin-
istered at the RP2D determined in Part 1) was to be assessed in patients with relapsed/refractory head and neck squamous 
cell carcinoma. Primary endpoints included the rates of dose-limiting toxicities (DLTs), adverse events (AEs), AEs of special 
interest, and serious AEs. Secondary endpoints included overall response rate, while biomarker assessment was exploratory. 
A total of 26 patients were enrolled, 18 (69%) of whom had completed the study at end date. One patient, in the highest dose 
group (24/225 mg feladilimab/tremelimumab), experienced a DLT 18 days after the first dose of study treatment. All patients 
experienced at least one AE; AEs led to treatment discontinuation in four (15%) patients. Partial response was observed in 
one patient. Feladilimab in combination with tremelimumab was well-tolerated but showed limited efficacy. Based on the 
totality of data from Part 1, it was decided not to continue with Part 2.
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PR	� Partial response
Q3W	� Once every 3 weeks
Q12W	� Every 12 weeks
RECIST v.1.1	� Response Evaluation Criteria in Solid 

Tumors version 1.1
RP2D	� Recommended phase 2 dose
RR	� Relapsed/refractory
SAEs	� Serious AEs
SD	� Stable disease
SOC	� Standard of care
TR	� Treatment-related
Tregs	� Regulatory T cells
UC	� Urothelial carcinoma

Introduction

Immune checkpoint inhibitors have become an integral part 
of cancer therapy and are used to treat a variety of solid 
tumors, including head and neck squamous cell carci-
noma (HNSCC), non-small cell lung cancer (NSCLC), and 
urothelial carcinoma (UC); however, many patients experi-
ence primary or secondary resistance [1–3]. Cancer cells 

can escape or develop resistance to host-mediated immu-
nity and immune checkpoint inhibitors through multiple 
mechanisms, including the acquisition of mutations, loss or 
downregulation of antigen-processing machinery resulting 
in defective antigen presentation, suppression of immune 
reactions through induction of regulatory T cells (Tregs) 
and immunosuppressive cytokines, and activation of alter-
nate immune checkpoint inhibitory pathways [4–7]. Due to 
these resistance mechanisms, immune checkpoint inhibitors 
as monotherapy are generally insufficient to elicit durable 
responses in most patients [1, 3]. Thus, there is a need for 
novel therapeutic targets and combinations to address these 
resistance mechanisms and achieve durable clinical benefit 
in a broader patient population.

Inducible T-cell co-stimulator (ICOS) is a co-stimulatory 
receptor highly expressed in tumor-infiltrating lymphocytes 
in many cancer types [8, 9]. ICOS signaling augments 
T-cell proliferation and directs memory cell development 
via cytokine production [8, 10, 11]. Suppression of cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4) upregulates 
ICOS expression on T cells [9]. Furthermore, frequen-
cies of ICOS+ , CD4+ T cells were increased following 
anti-CTLA-4 therapy in patients with NSCLC, which was 

Table 1   Patient demographics and baseline disease characteristics

a Age is imputed when full date of birth is not provided; bone patient in the 24/225 mg dose group reported race as Multiple; chistology at initial 
diagnosis reported as adenocarcinoma in 10 patients, squamous cell carcinoma in 9 patients, and other in 7 patients; dtime since diagnosis is 
defined as earliest treatment start date minus the initial diagnosis date plus 1 day
HNSCC head and neck squamous cell carcinoma, NSCLC non-small cell lung cancer

Feladilimab mg/tremelimumab mg

Population 8/75 (N = 1) 24/75 (N = 1) 8/225 (N = 5) 80/75 (N = 3) 24/225 (N = 16) Total (N = 26)

Sex, n (%)
Female 1 (100) 1 (100) 3 (60) 0 4 (25) 9 (35)
Male 0 0 2 (40) 3 (100) 12 (75) 17 (65)
Age (years), median (range)a 51

(51–51)
51
(51–51)

62
(45–72)

66
(58–83)

71
(36–83)

65
(36–83)

Race, n (%)b

White/Caucasian 1 (100) 1 (100) 5 (100) 3 (100) 14 (88) 24 (92)
Black/African American 0 0 0 0 1 (6) 1 (4)
Primary tumor type, n (%)c

Bladder 0 0 0 1 (33) 3 (19) 4 (15)
HNSCC 0 0 1 (20) 0 7 (44) 8 (31)
Melanoma 1 (100) 1 (100) 2 (40) 0 1 (6) 5 (19)
NSCLC 0 0 2 (40) 2 (67) 5 (31) 9 (35)
Time since initial diagnosis 

(days), median (range)d
676
(676–676)

512
(512–512)

640
(175–2019)

251
(92–470)

372
(27–1545)

411
(27–2019)

Prior therapies, n (%)
Immunotherapy 1 (100) 1 (100) 5 (100) 3 (100) 13 (81) 23 (88)
Chemotherapy 0 0 4 (80) 3 (100) 13 (81) 20 (77)
Radiotherapy 1 (100) 1 (100) 5 (100) 1 (33) 9 (56) 17 (65)
Surgery 1 (100) 1 (100) 4 (80) 2 (67) 14 (88) 22 (85)
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associated with improved response [12]. Therefore, the com-
bination of an ICOS agonist and a CTLA-4 inhibitor may 
improve antitumor responses in patients with advanced solid 
tumors.

Feladilimab is a humanized ICOS agonist immunoglob-
ulin G4 monoclonal antibody (mAb) that targets ICOS-
expressing CD4+ and CD8+ effector T cells [13]. It was 
designed to enhance T-cell function and promote an anti-
tumor response without depleting ICOS-expressing cells 
[13]. In the HNSCC expansion cohort of the first-in-human 
feladilimab study INDUCE-1 (NCT02723955), feladilimab 
monotherapy and combination therapy with pembrolizumab 
(a programmed death receptor protein 1 [PD-1]-targeting 
mAb) had a manageable safety profile and showed evidence 
of antitumor activity in patients with HNSCC who previously 
received anti-PD-1/programmed death-ligand 1 (PD-L1)  
treatment [14].

INDUCE-2 was a Phase I/II, open-label, two-part study 
(207871; NCT03693612) designed to investigate feladilimab 
in combination with the anti-CTLA-4 blocking monoclonal 
antibody tremelimumab. Part 1 of the study aimed to evalu-
ate the safety, tolerability, and determine the recommended 
phase 2 dose (RP2D) of feladilimab in combination with 
tremelimumab in patients with select advanced solid tumors. 
Part 2 aimed to estimate overall survival (OS) in patients 
with PD-1-/PD-L1-experienced relapsed/refractory (RR) 
HNSCC treated with study intervention compared to those 
treated with investigator’s choice of standard of care (SOC).

Methods

Study design

INDUCE-2 was a Phase I/II, open-label study investigating 
feladilimab in combination with tremelimumab with a two-
part design (Supplementary Fig. 1). Part 1 enrolled patients 
with advanced selected solid tumors in a dose-escalation 
design (described below). Part 2 was planned to investigate 
dose expansion in patients with RR HNSCC who had pro-
gressed after receiving at least one platinum-based chemo-
therapy and at least one anti-PD-1/PD-L1 therapy (whether 
in combination or given as monotherapy). The study com-
prised three periods: screening (assessments up to 30 days 
prior to first dose); treatment (until disease progression, 
unacceptable toxicity, or death); and follow-up.

Study eligibility

Eligible patients for Part 1 were ≥ 18 years of age with a 
documented diagnosis of a locally advanced or metastatic 
relapsed solid tumor of cutaneous melanoma, HNSCC, 
NSCLC, UC, clear cell renal cancer, or castrate-resistant 
prostate cancer, who had progressed following SOC ther-
apy. Selection of these tumors was based on evidence of 
their reported and/or predicted response to immune check-
point therapies [15–20]. Patients were also required to have 

Table 2   Overview of AEs

For patients receiving combination therapy, “study treatment” refers to feladilimab and/or tremelimumab. A worst-case approach was taken for 
patients with missing relatedness data; events with missing relatedness were assumed to be treatment related. aThe two most common TR-AEs 
were diarrhea (35%) and fatigue (31%); bprogressive disease and AEs were reported in two patients. However, in the study treatment discontinu-
ation form, the reason reported was progressive disease; cTR-SAEs experienced were diarrhea and colitis
AE adverse event, SAE serious adverse event, TR treatment related

Feladilimab mg/tremelimumab mg

Category, n (%) 8/75 (N = 1) 24/75 (N = 1) 8/225 (N = 5) 80/75 (N = 3) 24/225 (N = 16) Total (N = 26)

Any AE 1 (100) 1 (100) 5 (100) 3 (100) 16 (100) 26 (100)
TR-AEsa 1 (100) 0 4 (80) 2 (67) 12 (75) 19 (73)
AEs leading to permanent discontinuation of 

study treatmentb
0 0 1 (20) 0 3 (19) 4 (15)

AEs leading to dose interruption/delay of study 
treatment

0 0 3 (60) 0 4 (25) 7 (27)

Any SAE 0 0 3 (60) 3 (100) 6 (38) 12 (46)
TR-SAEsc 0 0 0 0 2 (13) 2 (8)
SAEs leading to permanent discontinuation of 

study treatment
0 0 1 (20) 0 2 (13) 3 (12)

SAEs leading to dose reduction 0 0 0 0 0 0
SAEs leading to dose interruption/delay of study 

treatment
0 0 1 (20) 0 1 (6) 2 (8)

Fatal SAEs 0 0 0 0 1 (6) 1 (4)
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Table 3   AEs leading to permanent discontinuation and AESIs

Individual patients could experience ≥ 1 listed AE
AE adverse event, AESI adverse event of special interest

Feladilimab mg/tremelimumab mg

Preferred term, n (%) 8/75 (N = 1) 24/75 (N = 1) 8/225 (N = 5) 80/75 (N = 3) 24/225 (N = 16) Total (N = 26)

AEs leading to permanent 
discontinuation

0 0 1 (20) 0 3 (19) 4 (15)

Colitis 0 0 0 0 1 (6) 1 (4)
Diarrhea 0 0 0 0 1 (6) 1 (4)
Fatigue 0 0 0 0 1 (6) 1 (4)
Acute kidney injury 0 0 0 0 1 (6) 1 (4)
Dyspnea 0 0 1 (20) 0 0 1 (4)
AESIs 0 0 2 (40) 0 7 (44) 9 (25)
Colitis 0 0 1 (20) 0 1 (6) 2 (8)
Endocrinopathies 0 0 0 0 2 (13) 2 (8)
Hepatitis 0 0 1 (20) 0 0 1 (4)
Nephritis and renal function 0 0 0 0 2 (13) 2 (8)
Other immune-mediated AEs 0 0 0 0 1 (6) 1 (4)
Skin adverse reactions 0 0 2 (40) 0 3 (19) 5 (19)

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51

Weeks in treatment

NSCL
NSCL
NSCL
NSCL
NSCL
NSCL

Bladder
Melanoma
Melanoma

Bladder
H/N

Melanoma
H/N

Melanoma
H/N

Bladder
H/N

NSCL
H/N

Melanoma
H/N

NSCL
H/N

NSCL
H/N

Bladder
NE PDSDPR

feladilimab 80 mg/tremelimumab 75 mgfeladilimab 24 mg/tremelimumab 75 mg
feladilimab 24 mg/tremelimumab 225 mgfeladilimab 8 mg/tremelimumab 75 mg feladilimab 8 mg/tremelimumab 225 mg

Fig. 1   Best overall confirmed response for each patient. Plot of 
duration of study treatment (best overall confirmed response as per 
RECIST v1.1) for Part 1. Duration of treatment in weeks is defined 
as (last dosing date minus first dose date plus 1 day)/7 days. H/N head 

and neck, NE not evaluable, NSCL non-small cell lung, PD progres-
sive disease, PR partial response, RECIST v1.1 Response Evaluation 
Criteria in Solid Tumors version 1.1, SD stable disease



Cancer Immunology, Immunotherapy (2024) 73:44	 Page 5 of 12  44

measurable disease as per the Response Evaluation Criteria 
in Solid Tumors version 1.1 (RECIST v.1.1), an Eastern 
Cooperative Oncology Group Performance Status of 0 or 1, 
adequate organ function, and consent to collection of tumor 
tissue samples [21, 22]. Key exclusion criteria included 
patients who had received prior anti-CTLA-4 or ICOS-
directed therapies, patients who had received four or more 
lines of therapy, or those who had received systemic anti-
cancer therapies within 30 days of first dose. The full list of 
exclusion criteria are as follows: patients with solid tumors 
other than those listed above; patients who had received 
prior anti-CTLA-4 or ICOS-directed therapies; patients 
who had received at least four lines of therapy, or who had 
received systemic anti-cancer therapies within 30 days of 
first dose; unresolved prior treatment-related toxicity; cen-
tral nervous system metastasis; autoimmune disease or syn-
drome requiring systemic treatment within the past 2 years; 
systemic steroids or other immunosuppressive agents within 
7 days; history of idiopathic pulmonary fibrosis or pneu-
monitis; history of severe hypersensitivity to monoclonal 
antibodies; history or evidence of cardiac abnormalities 
within 24 weeks of enrollment; current unstable liver or 
biliary disease; patients with an active infection requiring 
systemic therapy.

Treatment

For Part 1, feladilimab/tremelimumab was administered 
at 8/75 mg; 24/75 mg; 8/225 mg; 80/75 mg; 24/225 mg; 
and 80/225 mg. Feladilimab doses were selected based on 
the safety and exposure data observed in the Phase I first-
time-in-human study (INDUCE-1; NCT02723955), along 
with predicted target engagement based on in vitro potency 
and feladilimab exposure predicted from a population phar-
macokinetic model [13, 14]. Tremelimumab doses were 
selected based on prior monotherapy and combination stud-
ies [23–25]. Dose escalation followed a zone-based approach 
guided by the bivariate Continuous Reassessment Method 
model until the maximum tolerated dose or maximum 
administered dose combination was determined (Supple-
mentary Fig. 1). Feladilimab was administered once every 
3 weeks (Q3W); tremelimumab was administered Q3W 
for 6 doses, and then every 12 weeks (Q12W) thereafter. 
Tremelimumab was administered intravenously (IV) over 
an initial 60-min infusion, followed by feladilimab over a 
30-min IV infusion administered 1–2 h following the end 
of tremelimumab infusion. The RP2D determined in Part 1  
of the study was planned to be carried forward to Part 2.

Objectives and endpoints

The primary objective of Part 1 of the study was to deter-
mine the safety, tolerability, and RP2D of feladilimab in 

combination with tremelimumab. Endpoints reported here 
include the frequency and severity of dose-limiting toxici-
ties (DLTs), adverse events (AEs), AEs of special interest 
(AESIs), serious AEs (SAEs) and DLTs/AEs/SAEs leading 
to dose modifications, delays, or withdrawals. Changes in 
laboratory parameters (for example, serum analytes includ-
ing albumin, alkaline phosphatase (ALP), alanine transam-
inase (ALT), aspartate transaminase (AST), creatinine, 
and sodium), vital signs, and safety parameters were also 
assessed.

Secondary endpoints included investigator-assessed 
clinical activity of feladilimab in combination with treme-
limumab, evaluated as best overall confirmed response per 
RECIST v1.1 and immune RECIST (iRECIST), and phar-
macokinetic (PK) parameters of feladilimab in combination 
with tremelimumab [22]. Blood and tumor-based biomarkers 
were assessed as exploratory endpoints.

Assessments

AEs were coded using Medical Dictionary for Regulatory 
Activities (MedDRA), grouped by system organ class, and 
graded by the Investigator according to the National Can-
cer Institute – Common Terminology Criteria for Adverse 
Events (NCI-CTCAE) v.5.0. Radiographic evaluations of 
the chest, abdomen, and pelvis were conducted according 
to RECIST v1.1 at 9 weeks after the first study dose, and 
then every 6 weeks until Week 52, and Q12W thereafter 
[22]. PK profiles of feladilimab and tremelimumab were 
measured from patient blood samples collected at protocol-
defined points, and concentrations calculated using validated 
bioanalytical methodologies.

Whole blood samples were collected pre-dose on Weeks 
1, 2, 4, 7, 13, and 25, and shipped for in-stream flow cytom-
etry analysis for markers of T-cell activation and prolifera-
tion at Covance Central Laboratory. Serum samples were 
analyzed for pro-inflammatory cytokine induction using the 
MSD 10-plex panel (Q-Squared Laboratories). Paired tumor 
biopsy samples (defined as a pretreatment sample collected 
any time after the end of previous therapy and prior to the 
first dose of study intervention/SOC, and an on-treatment 
sample collected at Week 7) were analyzed by multiplex 
immunofluorescence using a custom 18-marker MultiOmyx 
panel (NeoGenomics Laboratories, CA, USA). Gene expres-
sion analysis was performed on paired tumor biopsies using 
the Nanostring PanCancer IO360 panel.

Statistical methods

A maximum of 26 patients were enrolled for Part 1. All 
patients who received at least one dose of tremelimumab or 
feladilimab were included for the safety assessment sum-
mary. Efficacy data were initially planned to be analyzed 



	 Cancer Immunology, Immunotherapy (2024) 73:4444  Page 6 of 12

feladilimab 80 mg/tremelimumab 75 mg (n=2)

feladilimab 8 mg/tremelimumab 75 mg (n=1) feladilimab 8 mg/tremelimumab 225 mg (n=4)
feladilimab 24 mg/tremelimumab 75 mg (n=1)feladilimab 24 mg/tremelimumab 225 mg (n=14)

CD3+, CD4+ (% lymphocytes)

0

5

W1 W2 W4 W7 W13 W25
Visit week (predose)

Pe
rc

en
t c

ha
ng

e 
fro

m
 b

as
el

in
e

CD25+, CD127lo (% CD3+, CD4+)

0

5

W1 W2 W4 W7 W13 W25
Visit week (predose)

Pe
rc

en
t c

ha
ng

e 
fro

m
 b

as
el

in
e

CD3+ (% lymphocytes)

0

3

a

b

W1 W2 W4 W7 W13 W25
Visit week (predose)

Pe
rc

en
t c

ha
ng

e 
fro

m
 b

as
el

in
e

CD3+, CD8+ (% lymphocytes)

0

4

2

W1 W2 W4 W7 W13 W25
Visit week (predose)

Pe
rc

en
t c

ha
ng

e 
fro

m
 b

as
el

in
e

Fold change

4
2
1
0.5
0.1
0.01

Feladilimab
8 mg
24 mg
80 mg

Tremelimumab
75 mg
225 mg

Tumor
Bladder
Head and neck
Melanoma
Non-small cell lung

W
ee

k 
2

W
ee

k 
4

W
ee

k 
7

W
ee

k 
10

W
ee

k 
13

Fe
la

di
lim

ab
Tr

em
el

im
um

ab
Tu

m
or

Fig. 2   Pharmacodynamic analysis of blood-based biomarkers. Blood-
based flow cytometry analysis showing percentage of CD3+ , CD4+ , 
CD8+ , and Tregs, across dose levels (a) and peripheral IFN-γ 
cytokine induction (b). Grey boxes in panel a represent no available 

data. No statistical analyses were performed due to small sample 
sizes per dose level. CD cluster of differentiation, IFN-γ interferon 
gamma, Tregs regulatory T cells, W week
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using Kaplan–Meier analysis for time-to-event data; how-
ever, the OS and progression-free survival data were later 
only listed for clinical review purposes. PK parameters were 
presented as descriptive summary statistics. No statistical 
analyses were performed on blood- and tumor-based bio-
marker data due to small sample numbers.

Results

Study population

A total of 42 patients were screened, of which 26 were 
enrolled and allocated to feladilimab/tremelimumab 8/75 mg 
(n = 1), 24/75 mg (n = 1), 8/225 mg (n = 5), 80/75 mg (n = 3), 
24/225 mg (n = 16), respectively (Supplementary Fig. 2). At 
study completion, 18 (69%) patients had completed the study 
per protocol and 8 (31%) patients had withdrawn from the 
study (Supplementary Fig. 2). Based on the totality of avail-
able data from Part 1, and not due to safety, the decision 
was made to stop the study following feladilimab/tremeli-
mumab dosing at 24/225 mg and not to continue to dose 
level 80/225 mg, or to move into Part 2 of the study.

Most patients were male (n = 17, 65%) and White/
Caucasian (n = 24; 92%), and the median age was  
65 (range: 36–83) years (Table 1). At initial diagnosis, pri-
mary tumor types included NSCLC (n = 9; 35%), HNSCC 
(n = 8; 31%), melanoma (n = 5; 19%), and bladder cancer 
(n = 4; 15%). The most common histology was adenocarci-
noma (n = 10; 38%) followed by squamous cell carcinoma 
(n = 9; 35%). The median time since initial diagnosis was 
410.5 (range: 27–2019) days. All patients had received prior 
anti-cancer therapy: 88% (n = 23) had received immuno-
therapy; 77% (n = 20) chemotherapy; 65% (n = 17) radio-
therapy; and 85% (n = 22) had undergone cancer-related sur-
gery (Table 1). Most patients who received immunotherapy, 
chemotherapy, and/or radiotherapy had received one prior 
treatment regimen of that type, and most patients who had 
undergone cancer-related surgery had undergone three prior 
procedures.

Exposure and DLTs

Median time of exposure ranged from 6.21 to 18.29 weeks 
for feladilimab, and 6.14 to 15.29 weeks for tremelimumab. 
The number of infusions ranged from three to six for feladili-
mab, and from three to five for tremelimumab. One patient 
had a dose delay for both feladilimab and tremelimumab due 
to an AE (hypoxia) and no patients had a dose interruption or 
incomplete infusion. One patient in the highest dose group 
(feladilimab 24 mg/tremelimumab 225 mg), experienced a 
DLT 18 days after the first dose of study treatment (Grade 3  

diarrhea considered possibility related to treatment). A flex-
ible sigmoidoscopy on study day 23 revealed moderately 
congested, erythematous mucosa with mucosal prolapse. 
Due to concerns of immunotherapy-induced colitis, treat-
ment was discontinued and after intervention the Grade 3 
diarrhea resolved on Day 32.

Safety

All patients experienced at least one AE and 19 (73%) 
patients experienced treatment-related (TR)-AEs (Table 2), 
the most common of which were diarrhea (n = 9; 35%) and 
fatigue (n = 8; 31%). SAEs occurred in 12 (46%) patients, of 
which two (8%) were considered to have experienced TR-
SAEs (one case each of diarrhea and colitis). AEs (colitis, 
diarrhea, fatigue, acute kidney injury, and dyspnea) led to 
permanent discontinuation in four (15%) patients (Tables 2 
and 3). One fatal SAE, considered related to disease pro-
gression, occurred during the study (Table 2). All deaths 
(n = 17; 65%) were attributed to disease under study, and 
most (n = 15; 88%) occurred over 30 days after the last dose 
of study treatment (data not shown).

The most frequently reported AEs of any cause were 
fatigue, diarrhea, and nausea (Supplementary Table 1). 
Most patients experienced a Grade ≥ 3 AE (n = 15; 58%), 
the most frequently reported being fatigue, acute kid-
ney injury, anemia, diarrhea, dyspnea, embolism, and 
hypoxia (data not shown). Grade ≥ 3 TR-AEs occurred in 
five (19%) patients, four of which received feladilimab 
24 mg/tremelimumab 225 mg (Supplementary Table 2). 
Nine (35%) patients experienced at least one AESI, and 
of these events all five skin-related AESIs, both cases of 
colitis, one of two cases of nephritis and renal function, 
and the one case of hepatitis were considered treatment-
related (Table 3).

Efficacy

One (4%) patient with NSCLC in the feladilimab 24 mg/
tremelimumab 225 mg group achieved a confirmed par-
tial response (PR), completed the study per protocol, and 
remained on study treatment for 337 days (Fig. 1). Stable 
disease (SD) was observed in five (19%) patients (includ-
ing one patient with HNSCC, three patients with NSCLC, 
and one patient with melanoma). Of these patients, one 
was in the feladilimab/tremelimumab 8/225 mg group, two 
in the 80/75 mg group, and two in the 24/225 mg group 
(Fig. 1). Three patients (two in the 80/75 mg group and 
one in the 24/225 mg group) had SD ≥ 18 weeks.

Investigator-assessed best percent reduction from baseline 
in tumor measurement is shown in Supplementary Fig. 3a,  
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and percent change in tumor measurement over time from 
baseline in Supplementary Fig. 3b.

Pharmacokinetics

Median feladilimab plasma concentration–time data during 
Treatment Cycle 1 are shown in Supplementary Fig. 4 and 
Supplementary Table 3. Feladilimab exposure in combina-
tion with tremelimumab was dose proportional and generally 
consistent with expected patterns of accumulation for a mAb 
(Supplementary Table 3).

Exploratory biomarkers

The longitudinal assessment of peripheral immune cell 
populations showed a slight decrease in the percentage of 
CD3+ , CD4+ , and CD8+ T cells post-treatment across 
most dose levels (Fig. 2a). Similar trends were observed 
in pooled dose analyses showing the maximum pharmaco-
dynamic changes for individual patients (Supplementary 
Fig. 5). Of the 10 evaluated cytokines from peripheral blood, 
only induction of interferon gamma (IFN-γ) was noted in 
most of the patients. At Week 2 (one week post-first dose), 
a ≥ twofold induction was observed in 11 out of 25 evaluated 
patients (Fig. 2b).

Multiplex immunofluorescence and gene expression 
analyses of paired tumor biopsies did not show any clear or 
consistent changes in immune cell markers. Pooled analy-
sis of data from six paired tumor biopsies across several 
dose levels and tumor types did not show any statistically 
significant changes in T-cell populations or immune mark-
ers following combination treatment (Fig. 3a). Four paired 
biopsies were further evaluated for gene expression changes 
and there was minimal consistency in their gene expression 
profiles after combination treatment. Additional analyses 
focusing on a subset of genes associated with ICOS biol-
ogy and/or T-cell activation showed no overlap in genes 

exhibiting a ≥ twofold increase in gene expression among 
all four patients (Fig. 3b, c).

Among the 26 patients enrolled, a PR was achieved in 
one patient with study treatment (24 mg feladilimab plus 
225 mg tremelimumab). Flow cytometry analysis showed 
that this responder displayed the highest levels of CD3+ and 
CD8+ T-cells relative to other patients enrolled in the same 
dose-level cohort (Fig. 4, red line). Further, this patient had 
a marked increase in the percentage of proliferating (Ki67+ /
CD4+) and activated (HLA-DR+ CD8+) T-cells at Week 2 
(one week post first dose).

Discussion

The INDUCE-2 study aimed to evaluate the safety, toler-
ability, RP2D, and efficacy of feladilimab (an anti-ICOS 
agonist) administered in combination with tremelimumab 
(an anti-CTLA-4 monoclonal antibody) over two parts. 
Part 1, which included advanced solid tumors, revealed that 
the overall safety profile of feladilimab at each dose (8 mg, 
24 mg, and 80 mg) in combination with tremelimumab 
(75 mg and 225 mg) was similar to the respective safety pro-
files of each as a monotherapy. The doses tested were well 
tolerated, and AEs were consistent with known toxicities. 
No new toxicities emerged related to either therapy, qualita-
tively or quantitatively. Feladilimab exposure in combination 
with tremelimumab was comparable to feladilimab exposure 
when administered at equivalent body weight-based doses as 
monotherapy. Overall, feladilimab/tremelimumab combina-
tion was found to be safe and well tolerated at the highest 
tested dose of 24/225 mg.

The efficacy of feladilimab in combination with treme-
limumab was modest at all doses studied, with treatment 
achieving PR in only one patient, and SD in five patients. 
While this combination of feladilimab and tremelimumab 
is not being further developed, biomarker-based biologi-
cal activity was observed, including in the one patient with 
NSCLC who experienced a PR and remained on study treat-
ment for almost one year.

Interpretation of the biomarker data is challenged by 
the relatively small number of patients assessed across five 
dose levels and lack of clear trends in cell frequencies and 
cytokine levels between patients and over time; therefore, no 
clear conclusions can be drawn. In contrast to our findings, 
a previous study investigating tremelimumab monotherapy 
in patients with advanced, unresectable mesothelioma found 
a significant increase in blood CD3+ and CD4+ T-cells fol-
lowing treatment [26]. However, the monotherapy study 
used a higher dose of tremelimumab compared to the present 
study, and further investigation is required before conclu-
sions can be made [26].

Fig. 3   Assessment of T-cell populations and immune markers in pre- 
and post-treatment tumor biopsies. (a) Pooled dose analysis of mul-
tiplex immunofluorescence showing percentage of CD3+ , CD4+ , 
CD8+ , and Tregs in six baseline and on-treatment paired biopsies. 
(b) Fold-change gene expression analysis between baseline and Week 
7 paired biopsies. (c) Fold-change gene expression analysis for a sub-
set of genes related to ICOS biology and/or T-cell activation. CD 
cluster of differentiation, CTLA4 cytotoxic T-lymphocyte-associated 
antigen 4, FC fold change, FOXP3 forkhead box P3, GZMB gran-
zyme B, HLA-DRA HLA class II histocompatibility antigen, DR 
alpha chain, HLA-DRB1, HLA class II histocompatibility antigen, 
DRB1 beta chain, HLA-DRB5 HLA class II histocompatibility anti-
gen, DRB5 beta chain, ICOS inducible T-cell co-stimulator, ICOSLG 
ICOS ligand, MKI67 marker of proliferation Ki-67, PDCD1 pro-
grammed cell death protein-1, prolif proliferating, Tregs regulatory T 
cells

◂
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INDUCE-2 demonstrated the feasibility of combining an 
ICOS agonist with a CTLA-4 inhibitor. Furthermore, the 
zone-based dose-escalation design was feasible. The assess-
ment of immune cell populations and other immune markers, 
while inconclusive, demonstrate the feasibility and impor-
tance of integrating correlative analyses into early-phase 
clinical studies. This allows for the potential to develop an 
increased understanding of drug mechanism of action(s), as 
well as potential predictive and prognostic exploration to 
identify patients who may benefit from specific immuno-
therapy combinations.

In conclusion, the INDUCE-2 study demonstrated that 
feladilimab in combination with tremelimumab is well toler-
ated but had limited efficacy in patients with select advanced 
solid tumors. Overall, this study design was able to con-
clude, with sufficient quality, study questions related to the 
primary and secondary endpoints of the protocol, as well as 
demonstrate the feasibility of a zone-based dose-escalation 
approach and integration of correlative biomarker assess-
ments in early-phase clinical studies.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00262-​023-​03623-z.
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