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ABSTRACT
Background  Probody® therapeutics are antibody 
prodrugs designed to be activated by tumor-associated 
proteases. This conditional activation restricts antibody 
binding to the tumor microenvironment, thereby 
minimizing ‘off-tumor’ toxicity. Here, we report the 
phase 1 data from the first-in-human study of CX-072 
(pacmilimab), a Probody immune checkpoint inhibitor 
directed against programmed death-ligand 1 (PD-L1), 
in combination with the anti-cytotoxic T-lymphocyte-
associated protein 4 (anti-CTLA-4) antibody ipilimumab.
Methods  Adults (n=27) with advanced solid tumors 
(naive to PD-L1/programmed cell death protein 1 or CTLA-
4 inhibitors) were enrolled in the phase 1 combination 
therapy dose-escalation portion of this multicenter, 
open-label, phase 1/2 study (NCT03013491). Dose-
escalation pacmilimab/ipilimumab followed a standard 
3+3 design and continued until the maximum tolerated 
dose (MTD) was determined. Pacmilimab+ipilimumab was 
administered intravenously every 3 weeks for four cycles, 
followed by pacmilimab administered every 2 weeks as 
monotherapy. The primary objective was identification 
of dose-limiting toxicities and determination of the MTD. 
Other endpoints included the rate of objective response 
(Response Evaluation Criteria In Solid Tumors v.1.1).
Results  Twenty-seven patients were enrolled in 
pacmilimab (mg/kg)+ipilimumab (mg/kg) dose-escalation 
cohorts: 0.3+3 (n=6); 1+3 (n=3); 3+3 (n=3); 10+3 (n=8); 
10+6 (n=6); and 10+10 (n=1). Dose-limiting toxicities 
occurred in three patients, one at the 0.3+3 dose level 
(grade 3 dyspnea/pneumonitis) and two at the 10+6 dose 
level (grade 3 colitis, grade 3 increased aspartate 
aminotransferase). The MTD and recommended phase 
2 dose was pacmilimab 10 mg/kg+ipilimumab 3 mg/kg 
administered every 3 weeks. Pacmilimab-related grade 
3–4 adverse events (AEs) and grade 3–4 immune-related 
AEs were reported in nine (33%) and six (22%) patients, 
respectively. Three patients (11%) discontinued treatment 
because of AEs. The overall response rate was 19% (95% 
CI 6.3 to 38.1), with one complete (anal squamous cell 
carcinoma) and four partial responses (cancer of unknown 

primary, leiomyosarcoma, mesothelioma, testicular 
cancer). Responses lasted for >12 months in four patients.
Conclusions  The MTD and recommended phase 2 dose 
of pacmilimab (10 mg/kg)+ipilimumab (3 mg/kg) every 3 
weeks is active and has a favorable tolerability profile.

INTRODUCTION
Immune checkpoint inhibitor (ICI)-targeted 
therapies have transformed the landscape of 
cancer treatment. Patients with a wide array of 
solid tumors have attained marked improve-
ment in outcomes, with antibodies targeting 
programmed cell death protein 1 (PD-1), 
its ligand programmed death-ligand 1 (PD-
L1), and cytotoxic T-lymphocyte-associated 
antigen 4 (CTLA-4).1 2 Combination therapy 
with these agents has greater efficacy,3 4 but is 
associated with higher toxicity.4–6 The combi-
nation of nivolumab 1 mg/kg and ipilimumab 
3 mg/kg improved progression-free survival 
compared with single-agent therapy but grade 
3–4 treatment-related adverse events (AEs) 
were observed in 55% of patients treated 
with the combination compared with 16% 
with nivolumab monotherapy and 27% with 
ipilimumab monotherapy.7 Multiple different 
nivolumab plus ipilimumab regimens with 
reduced dosing for either nivolumab or ipili-
mumab are approved by the US Food and 
Drug Administration for the treatment of four 
types of solid tumors.8 Full dose (ie, 3 mg/kg 
for both agents) combination therapy was not 
tolerable.9

ICIs can result in potentially serious organ-
specific immune-related AEs (irAEs)6 10 11 
including grade 5 toxicity from colitis, myocar-
ditis, pneumonitis, or hepatitis.5 6 These toxici-
ties necessitate dose reductions or permanent 
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treatment discontinuation. A dose-response relationship 
has been demonstrated with ipilimumab in patients 
with melanoma, with a survival advantage observed with 
increased exposure.12 It is therefore possible that ipilim-
umab dose reduction or discontinuation compromises 
clinical efficacy. Optimization of ICI treatment combina-
tions may provide better antitumor activity without dose-
limiting toxicity (DLT).

Antibody-based therapies that demonstrate high-
affinity, high-specificity tumor antigen binding cause 
off-tumor toxicity due to the presence of target antigen 
in healthy tissues.13 Probody therapeutics are antibody 
prodrugs that minimize off-tumor toxicity by leveraging 
aberrant upregulation of proteases in the tumor micro-
environment to achieve preferential local activation.14–16 
They consist of the antibody backbone and a masking 
peptide held in place by a protease-cleavable linker 
peptide. The linker peptide is cleaved by tumor-associated 
proteases allowing the antibody to bind to its target.14 15 17 
Over 90% of tumors across different indications, stages, 
and treatment histories demonstrated sufficient protease 
activity to enable cleavage of the linker peptide, ensuring 
that Probody therapeutics would be active in various 
tumor microenvironments (data not shown).

CX-072 (pacmilimab) is a Probody antibody directed 
against PD-L1. In MC38 tumor-bearing mice, a surrogate 
anti-PD-L1 Probody antibody demonstrated comparable 
antitumor responses with lower PD-L1 occupancy on 
peripheral T cells compared with the parent antibody and 
protected against autoimmune diabetes observed with 
the parent drug at the same dose.18 Further, only limited 
uptake of pacmilimab was observed in PD-L1-expressing 
non-tumor murine lymphoid tissues.19 Taken together, 
these data suggest pacmilimab is active and functions as 
designed in preclinical models. Preliminary translational 
studies confirmed proteolytic activation of pacmilimab 
and biological activity in tumor biopsy specimens of 
patients with cancer, supporting proof of mechanism.20

We hypothesized that combining pacmilimab with 
ipilimumab would improve tolerability of combined ICI 
therapy, allowing combination with optimal therapeutic 
doses of both agents and consequently an increase in treat-
ment efficacy. PROCLAIM-CX-072 (PRObody CLinical 
Assessment In Man, CX-072 Clinical Trial 001) is a first-
in-human study evaluating the tolerability, and prelimi-
nary antitumor activity of pacmilimab in patients with 
advanced, unresectable solid tumors (NCT03013491). 
The study consisted of multiple monotherapy and 
combination therapy cohorts. Here, we present data 
from patients receiving pacmilimab in combination with 
ipilimumab.

METHODS
Study design and participants
In this phase 1/2, open-label study, immunotherapy-
naive patients with metastatic/locally advanced, unresect-
able solid tumors were recruited at 32 sites in the USA, 

Netherlands, Poland, Spain, Ukraine, and UK. The study 
included one cohort that evaluated dose escalation of the 
combination of pacmilimab and ipilimumab. Enrolment 
into this cohort was initiated after the corresponding dose 
cohort for pacmilimab monotherapy successfully passed 
the DLT period. Dose escalation of the pacmilimab/ipili-
mumab combination followed a standard 3+3 design and 
continued until the maximum tolerated dose (MTD) was 
determined.

Eligible patients were aged ≥18 years with Eastern 
Cooperative Oncology Group performance status 0 or 
1 and had an anticipated life expectancy of ≥3 months. 
Patients were required to have metastatic or advanced 
unresectable solid tumors (excluding thymic epithelial 
tumor, thymoma, and thymic carcinoma) naive to prior 
PD-1/PD-L1 and CTLA-4 inhibitor therapy and to be inel-
igible for standard-of-care therapy. Patients were eligible 
regardless of PD-L1 status. Exclusion criteria included 
prior chimeric antigen receptor T-cell therapy; chemo-
therapy or immunotherapy within 14 days, live vaccine 
within 30 days, or radiation therapy within 3 months 
prior to study drug; HIV-related illness, hepatitis B or C; 
age-related macular degeneration; solid organ or bone 
marrow transplant; prior or current autoimmune disease; 
history of a medical condition requiring treatment with 
>10 mg daily prednisone equivalents or immunosuppres-
sants; and women who were pregnant or breastfeeding. 
Patients with treated stable brain metastases were eligible 
for the study if their treatment did not require radiation 
therapy or steroids. Active screening for brain metastases 
was not required.

Procedures
Eligible patients were enrolled in the cohort involving 
escalating dose combinations of pacmilimab and ipili-
mumab. Patients received combination therapy with 
pacmilimab (0.3, 1, 3, or 10 mg/kg) and ipilimumab 
(3 or 6 mg/kg) every 3 weeks for four doses, followed 
by pacmilimab monotherapy every 2 weeks. Prior to a 
protocol amendment mandating a 6 mg/kg maximum 
ipilimumab dose, one patient received ipilimumab 
10 mg/kg. We did not test ipilimumab doses lower than 
3 mg/kg since nivolumab combined with lower doses 
of ipilimumab (eg, 1 mg/kg every 3–6 weeks) is already 
considered tolerable. The DLT assessment period was 28 

Table 1  Patient enrolment by dose cohort

Pacmilimab dose Ipilimumab dose
No of patients 
enrolled

0.3 mg/kg 3 mg/kg 6

1 mg/kg 3 mg/kg 3

3 mg/kg 3 mg/kg 3

10 mg/kg 3 mg/kg 8

10 mg/kg 6 mg/kg 6

10 mg/kg 10 mg/kg 1
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days. Pacmilimab was infused intravenously over 1 hour, 
followed by ipilimumab infusion over 90 min. Patients 
who discontinued study drug during the DLT period 
for reasons other than a DLT were replaced. Patients 
requiring a dose hold of ipilimumab were permitted to 
remain on pacmilimab treatment. Dose reductions were 
not permitted. Within the first 12 weeks after the start 
of treatment, permanent discontinuation was required 
if >10 mg/day of prednisone or equivalent was required 
to manage AEs. Permanent discontinuation was also 
required or if grade 2 or 3 treatment-related AEs did not 
improve to grade ≤1 or resolve within 12 weeks of the most 
recent dose of pacmilimab. All patients continued treat-
ment until disease progression, unacceptable toxicity, or 
withdrawal of consent. Patients with evidence of disease 
progression who were still experiencing clinical benefit 
per the investigator’s judgment could be considered 
for continuation of treatment after discussion with the 
sponsor.

Tumor assessments were performed at baseline and 
every 8 weeks for the first 12 months and every 12 weeks 
thereafter. Responses were classified per Response Eval-
uation Criteria in Solid Tumors (RECIST) v.1.1 criteria. 
Treatment beyond the first instance of RECIST-defined 
progressive disease was allowed according to the modi-
fied immune-related RECIST criteria.21

PD-L1 expression was measured prospectively on 
archival tissue using the DAKO PD-L1 IHC 22C3 pharmDx 
assay (Agilent Technologies, Santa Clara, California, 
USA). High expression was defined by Tumor Proportion 
Score (TPS) >50% membrane staining, low expression 
was defined as TPS ≥1% and ≤50% membrane staining, 
and no expression was defined as TPS <1% membrane 
staining.

Outcomes
The primary objective was to evaluate the tolerability 
of pacmilimab in combination with ipilimumab and 

to determine the MTD. The MTD was defined as the 
highest dose at which no more than one of six patients 
experienced a DLT (online supplemental methods). AEs 
were evaluated using Medical Dictionary for Regulatory 
Activities terminology (v.22.0), with the National Cancer 
Institute’s Common Terminology Criteria for Adverse 
Events (v.4.03) grading. IrAEs were predefined as AEs 
with no clear alternate etiology that required systemic 
corticosteroid or immunosuppression treatment within 
30 days of onset or that required the use of systemic 
hormonal supplementation (online supplemental table 
1).

Efficacy endpoints included objective response rate 
(ORR) as assessed by RECIST v.1.1 and duration of 
response (DOR). After discontinuing treatment, patients 
with stable disease (SD), partial response (PR), or 
complete response (CR) were followed every 3 months 
for DOR; those with progressive disease were followed for 
survival at the same interval.

Pharmacokinetic analyses
Blood samples were obtained at various timepoints before 
and after pacmilimab and ipilimumab administration for 
pharmacokinetic (PK) testing. Pacmilimab concentra-
tions were assayed as reported elsewhere.22 Ipilimumab 
concentrations were assayed via a validated assay (online 
supplemental methods).

Statistical analyses
The safety evaluable population was defined as any 
patient who received any amount of study drug. The 
efficacy evaluable population was defined as any patient 
who had an adequate baseline tumor assessment. Exact 
two-sided 95% CIs were calculated for all proportion esti-
mates. Kaplan-Meier analyses were used to estimate DOR, 
with median duration and its 95% CI based on the Brook-
meyer and Crowley method.23

Figure 1  Patient disposition.
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RESULTS
Patients were enrolled between January 2017 and 
September 2019; data are reported as of August 28 
2020. A total of 27 patients were enrolled (table 1). One 
patient remained on treatment and 26 had discontinued 
(figure  1). Reasons for treatment discontinuation were 
symptom deterioration (including patients with clinical 
signs of disease progression in the absence of confirmed 
radiographic evidence; n=13 (48%), of which seven had 
radiographic disease progression that was not confirmed 
with a second scan), confirmed radiographic disease 

progression (n=7 [26%]), AEs (n=3 [11%]), decision by 
the investigator or patient (n=2 [7%]), and ‘other’ (n=1 
[4%]). Baseline patient and disease characteristics are 
shown in table 2. Patients with 21 different solid tumor 
types (cervical carcinoma n=3; 2 each of pancreatic and 
uterine carcinoma; all others of a single tumor type) were 
enrolled. The median patient age was 56 years (range, 
28–70), and 59% and 79% of patients were female and 
White, respectively. The median number of prior cancer 
treatments in any setting was three (range, 1–10). One 
patient had high tumor PD-L1 expression (ie, TPS >50% 
membrane staining), 5 patients had low PD-L1 expression 
(TPS ≥1% and ≤50% membrane staining), and 15 had no 
tumor PD-L1 expression (6 were unknown).

The median duration of follow-up was 15.4 weeks 
(range 4–164). The median duration of pacmilimab treat-
ment was 1.8 months (range 0–38.5), with six patients on 
treatment for more than 6 months. The median number 
of ipilimumab doses administered was three (range 
1–4). Of patients who received 3 mg/kg of ipilimumab 
(n=20), 7 (35%) received all four doses. DLTs occurred 
in three patients, one at the 0.3+3 dose level (grade 3 
dyspnea, resolved without corticosteroids) and two at 
the 10+6 dose level (grade 3 colitis [n=1 resolved with 
corticosteroids] and grade 3 increased aspartate amino-
transferase [n=1 resolved without corticosteroids]); the 
MTD was determined to be 10 mg/kg pacmilimab+3 mg/
kg ipilimumab. The tolerability profile is summarized in 
table  3. Treatment-related grades 3–4 AEs occurred in 
nine patients (33%), and grades 3–4 irAEs occurred in six 
patients (22%). Three patients (11%) had AEs leading 
to discontinuation of pacmilimab (colitis, transami-
nases increased, and neutropenia). No grade 5 toxicity 
was observed. While limited by the number of patients 
treated, there appeared to be a trend toward higher rates 
of grade 3–4 treatment-related AEs and irAEs with ipilim-
umab 6 mg/kg compared with 3 mg/kg.

Response data by dose level are summarized in table 4 
and figure 2A, and the change in tumor burden over time 
is shown in figure 2B. The ORR was 19% (95% CI 6.3% 
to 38.1%), with one CR in a patient with anal squamous 
cell carcinoma and four PRs: one patient with a cancer 
of unknown primary, one with leiomyosarcoma, one 
with mesothelioma, and one with testicular cancer. Five 
patients (19%) had SD; the disease control rate was 37%. 
Among patients with objective responses, DOR ranged 
from 1.9 to 32.2 months, with four patients maintaining 
a response for more than 1 year (figure 2B). At the time 
of the analysis, a patient with anal squamous cell carci-
noma had maintained a CR for 24 months. Of note, 
this patient’s tumor did not exhibit microsatellite insta-
bility and had intermediate tumor mutational burden 
(nine mutations/megabase). Target lesions continued to 
decrease during treatment with single-agent pacmilimab, 
eventually leading to conversion from PR to CR approx-
imately 6 months after the last dose of ipilimumab. The 
patient with testicular cancer terminated treatment after 
2 years, at which time the PR was maintained.

Table 2  Baseline patient and disease characteristics

Characteristic N=27

Median age, years (range) 56 (28–70)

Sex, n (%)

 � Female 16 (59)

 � Male 11 (41)

Race, n (%)

 � White 21 (78)

 � Asian 2 (7)

 � Unknown/other 4 (15)

ECOG performance status, n (%)

 � 0 11 (41)

 � 1 16 (59)

Median prior cancer treatments, no (range) 3 (1–10)

Median time since last cancer treatment, 
weeks (range)

13 (4–392)

Cancer type, n (%)

 � Cervical 3 (11)

 � Pancreatic 3 (11)

 � Uterine 2 (7)

 � Carcinoma of unknown primary 2 (7)

 � Other* 17 (63)

PD-L1 expression status,† n (%)

 � High 1 (4)

 � Low 5 (19)

 � None 15 (56)

 � Unknown/not evaluable 6 (22)

*One patient each had anal squamous cell carcinoma, estrogen 
receptor–positive breast cancer, colon carcinoma, gastric cancer, 
glioblastoma, leiomyosarcoma, mesothelioma, neuroendocrine 
cancer, osteosarcoma, ovarian carcinoma, prostate non-
adenocarcinoma, rectal carcinoma, squamous cell carcinoma 
of the head and neck, small cell lung cancer, salivary gland 
carcinoma, triple-negative breast cancer and testicular carcinoma.
†Measured prospectively and defined by Tumor Proportion Score 
(TPS) using the DAKO PD-L1 IHC 22C3 pharmDx assay (Agilent 
Technologies, Santa Clara, California, USA). High expression 
was defined as TPS >50% membrane staining, low expression 
was defined as TPS ≥1% and ≤50% membrane staining, and no 
expression was defined as TPS <1%.
PD-L1, programmed death-ligand 1.
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Table 3  Adverse event (AE) summary

n (%)

Pacmilimab+ipilimumab dose (mg/kg)
All patients
(N=27)

0.3+3
(n=6)

1+3
(n=3)

3+3
(n=3)

10+3
(n=8)

10+6/10+10
(n=7) All grade Grade 3–4

Treatment-emergent AEs in ≥15% of patients (all-grade by dose group)

 � Nausea 4 (67) 3 (100) 0 1 (13) 5 (71) 13 (48) 0

 � Pruritus 1 (17) 0 1 (33) 4 (50) 4 (57) 10 (37) 0

 � Decreased appetite 2 (33) 1 (33) 1 (33) 2 (25) 2 (29) 8 (30) 0

 � Fatigue 3 (50) 2 (67) 0 2 (25) 1 (14) 8 (30) 0

 � Abdominal pain 2 (33) 0 0 3 (38) 2 (29) 7 (26) 3 (11)

 � Diarrhea 2 (33) 1 (33) 1 (33) 1 (13) 2 (29) 7 (26) 1 (4)

 � Vomiting 3 (50) 1 (33) 1 (33) 1 (13) 1 (14) 7 (26) 0

 � Anemia 1 (17) 1 (33) 0 2 (25) 2 (29) 6 (22) 4 (15)

 � Headache 0 2 (67) 0 2 (25) 2 (29) 6 (22) 0

 � Increased AST 1 (17) 1 (33) 1 (33) 1 (13) 2 (29) 6 (22) 1 (4)

 � Constipation 2 (33) 1 (33) 1 (33) 0 1 (14) 5 (19) 0

 � Increased ALT 1 (17) 1 (33) 2 (67) 0 1 (14) 5 (19) 1 (4)

 � Rash 0 1 (33) 2 (67) 1 (13) 1 (14) 5 (19) 0

Treatment-related AEs in ≥10% of patients (all-grade by dose group)

 � Patients with ≥1 5 (83) 3 (100) 1 (33) 6 (75) 6 (86) 23 (85) 9 (33)

 � Pruritus 1 (17) 0 1 (33) 4 (50) 4 (57) 10 (37) 0

 � Nausea 1 (17) 2 (67) 0 1 (13) 5 (71) 9 (33) 0

 � Increased AST 1 (17) 1 (33) 1 (33) 1 (13) 2 (29) 6 (22) 1 (4)

 � Fatigue 1 (17) 2 (67) 0 1 (13) 1 (14) 5 (19) 0

 � Increased ALT 1 (17) 1 (33) 2 (67) 0 1 (14) 5 (19) 1 (4)

 � Increased amylase 0 0 1 (33) 1 (13) 2 (29) 4 (15) 1 (4)

 � Infusion-related reaction 1 (17) 0 0 2 (25) 1 (14) 4 (15) 1 (4)

 � Maculopapular rash 0 0 0 3 (38) 1 (14) 4 (15) 0

 � Dyspnea 1 (17) 0 0 2 (25) 0 3 (11) 1 (4)

 � Headache 0 2 (67) 0 1 (13) 0 3 (11) 0

Immune-related AEs in ≥1 patient (all grade by dose group)

 � Patients with least 1 3 (50) 1 (33) 1 (33) 6 (75) 5 (71) 16 (59) 6 (22)

 � Pruritus 0 0 0 3 (38) 2 (29) 5 (19) 0

 � Maculopapular rash 0 0 0 3 (38) 1 (14) 4 (15) 0

 � Rash 0 1 (33) 1 (33) 1 (33) 0 3 (11) 0

 � Colitis 1 (17) 0 0 0 1 (14) 2 (7) 2 (7)

 � Diarrhea 0 0 0 0 2 (29) 2 (7) 1 (4)

 � Hyperthyroidism 0 0 0 2 (25) 0 2 (7) 0

 � Hypothyroidism 0 0 0 2 (25) 0 2 (7) 0

 � Autoimmune 
hypothyroidism

0 0 0 0 1 (14) 1 (4) 0

 � Guillain-Barre syndrome 0 0 0 0 1 (14) 1 (4) 1 (4)

 � Hypophysitis 0 1 (33) 0 0 0 1 (4) 0

 � Immune-mediated 
hepatitis

0 0 0 0 1 (14) 1 (4) 0

 � Increased AST 1 (17) 0 0 0 0 1 (4) 1 (4)

Continued
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As shown in figure  3, the observed preliminary ipili-
mumab plasma concentrations after administration of 
10 mg/kg pacmilimab followed by 3, 6, or 10 mg/kg ipili-
mumab administered were generally contained within 
the respective 90% prediction intervals of simulated 
ipilimumab concentrations based on the population 
PK model of Feng et al, suggesting pacmilimab is not a 
perpetrator of a PK drug–drug interaction with ipilim-
umab.24 As reported previously,22 patients maintained 
circulating plasma levels of pacmilimab following 10 mg/
kg pacmilimab in combination with 3 mg/kg ipilimumab 
that were targeted for efficacy based on quantitative 
systems pharmacology modeling.

Based in part on evidence of preliminary antitumor 
efficacy with similar tolerability across dose levels in those 
cohorts, and PK and pharmacodynamic considerations 
(figure 3),22 the recommended phase 2 dose was estab-
lished as pacmilimab 10 mg/kg+ipilimumab 3 mg/kg.

DISCUSSION
This first-in-human study evaluated pacmilimab in 
combination with ipilimumab in heavily pretreated 
patients with various solid tumors and established the 
recommended phase 2 dose of pacmilimab+ipilim-
umab. The pacmilimab dose range selected for this study 

n (%)

Pacmilimab+ipilimumab dose (mg/kg)
All patients
(N=27)

0.3+3
(n=6)

1+3
(n=3)

3+3
(n=3)

10+3
(n=8)

10+6/10+10
(n=7) All grade Grade 3–4

 � Increased hepatic 
transaminases

0 0 0 1 (13) 0 1 (4) 1 (4)

 � Macular rash 1 (17) 0 0 0 0 1 (4) 0

 � Neutropenia 0 0 0 0 1 (14) 1 (4) 1 (4)

 � Pneumonitis 1 (17) 0 0 0 0 1 (4) 1 (4)

Serious AEs in ≥1 patient (all grade by dose group)

 � Patients with least one 
serious AE

3 (50) 3 (100) 0 4 (50) 3 (43) 13 (48) 11 (41)

 � Abdominal pain 1 (17) 0 0 1 (13) 0 2 (7) 2 (7)

 � Anemia 0 1 (33) 0 0 1 (14) 2 (7) 2 (7)

 � Colitis 1 (17) 0 0 0 1 (14) 2 (7) 2 (7)

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Table 3  Continued

Table 4  Best tumor response per RECIST v.1.1 in evaluable patients* who had at least one postbaseline disease 
assessment†

Pacmilimab+ipilimumab dose (mg/kg), n (%)

All
(N=27)

0.3+3
(n=6)

1+3
(n=3)

3+3
(n=3)

10+3
(n=8)

10+6/10+10
(n=7)

Overall response rate 1 (17) 1 (33) 1 (33) 1 (13) 1 (14) 5 (19)
95% CI 6 to 38

 � Complete response 1 (17) 0 0 0 0 1 (4)

 � Partial response 0 1 (33) 1 (33) 1 (13) 1 (14) 4 (15)

 � Stable disease 0 1 (33) 0 3 (38) 1 (14) 5 (19)

 � Progressive disease 4 (67) 1 (33) 1 (33) 2 (25) 3 (43) 11 (41)

Disease control rate‡ 1 (17) 2 (67) 1 (33) 4 (50) 2 (29) 10 (37)
95% CI 19 to 58

*The efficacy evaluable population includes treated patients who had an adequate baseline disease assessment (N=27).
†Six patients did not have a qualifying post-baseline disease assessment: Five patients discontinued prior to the first tumor assessment. 
One patient discontinued due to symptom deterioration. This patient had a tumor assessment, but it took place <4 weeks after the baseline 
assessment.
‡Disease control rate (includes patients with complete response, partial response, or stable disease).
RECIST, Response Evaluation Criteria in Solid Tumors.
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was based on data from the pacmilimab monotherapy 
dose of PROCLAIM-CX-072, in which patients received 
pacmilimab monotherapy up to a dose of 30 mg/kg25. 
Based in part on evidence of preliminary antitumor effi-
cacy with similar tolerability across dose levels in those 
cohorts, and PK and pharmacodynamic considerations 
described previously,22 10 mg/kg of pacmilimab was 
chosen for further investigation as monotherapy and thus 
was the dose level of focus in combination therapy. In 
the combination therapy study, the MTD/recommended 
phase 2 dose of pacmilimab 10 mg/kg+ipilimumab 3 mg/
kg was established.

In a number of tumor types, treatment with combined 
ICIs has led to substantial improvements in antitumor 
activity including more durable ORRs and prolonged 
overall survival compared with chemotherapy or single-
agent ICI therapy.3 4 However, combined ICI has been 
associated with higher risk of irAEs. Enhanced immune 
responses mediated by ICIs likely results in systemic acti-
vation of T-cell responses, leading to off-tumor effects 

manifested by irAEs. These effects are exacerbated when 
nivolumab and ipilimumab are combined.4–6 Thus, strat-
egies for reducing toxicity are needed. The Probody 
pacmilimab is designed to restrict the inhibition of PD-L1 
to the tumor microenvironment and potentially reduce 
off-tumor toxicity related to PD-L1 inhibition. The tolera-
bility data from our study suggest that the Probody thera-
peutic platform reduces toxicity. Full monotherapy doses 
of both pacmilimab and ipilimumab were tolerated, in 
contrast to other anti-PD-1/L1 inhibitors when combined 
with ipilimumab.9 26 No new safety signals were identified 
and there were no treatment-related deaths. While some 
of the same toxicities observed with nivolumab plus ipili-
mumab were observed,4 they occurred at lower frequency 
and were less severe. Although only 7 of the 20 patients 
assigned to receive 3 mg/kg ipilimumab received all four 
doses, many of these patients came off trial for disease 
progression rather than toxicity.

Our data compare favorably to historical data for the 
only currently FDA-approved ICI combination nivolumab 

Figure 2  (A) Best percentage change in target lesion size from baseline and (B) percentage change in tumor burden over time. 
*Indicates that the patient is still on treatment. H, high PD-L1 expression; L, low PD-L1 expression; NE, not evaluable; Neg, no 
PD-L1 expression; Unk, unknown PD-L1 expression.
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plus ipilimumab, particularly when considering the 
doses of ipilimumab used. Ipilimumab monotherapy is 
indicated for melanoma in the metastatic and adjuvant 
settings at doses of 3 mg/kg and 10 mg/kg, respectively.27 
While monotherapy doses of nivolumab are toler-
ated in nivolumab ipilimumab combination regimens, 
ipilimumab doses of more than 1 mg/kg—which can 
result in greater efficacy—are associated with increased 
toxicity.9 28 29 Combination regimens for the treatment of 
colon cancer,30 non-small cell lung cancer,31 and clear cell 
renal carcinoma,32 are dosed at 3 mg/kg nivolumab plus 
1 mg/kg ipilimumab. In these studies, rates of grade 3–4 
treatment-related AEs were 32%, 33%, and 46%. In our 
study with a higher dose of ipilimumab (3 mg/kg), grade 
3–4 treatment-related AEs occurred in 33% of patients. 
Similarly, the AE-related treatment discontinuation rates 
with 3 mg/kg nivolumab plus 1 mg/kg ipilimumab in 
patients with colon cancer,30 non-small cell lung cancer,31 
and clear cell renal carcinoma,32 were 13%, 18%, and 
22%, respectively. In our study the AE-related treatment 
discontinuation rate was 11%. While the conclusions that 
can be drawn are limited by the small sample size, our 
data suggest that a favorable tolerability profile can be 
achieved with an ipilimumab dose of 3 mg/kg, suggesting 
that ipilimumab doses above 1 mg/kg in combination 
with this Probody ICI may be feasible with higher doses of 

ipilimumab, potentially resulting in greater efficacy with 
ICI combination therapy.

The results also demonstrated preliminary evidence of 
clinical activity for the combination of pacmilimab and 
ipilimumab in heavily pretreated patients with advanced 
solid tumors unselected for PD-L1 expression. One CR 
and four PRs were observed in patients with anal squa-
mous cell carcinoma, cancer of unknown primary, leio-
myosarcoma, mesothelioma, and testicular cancer. 
Moreover, these responses were durable, with four of the 
five lasting for more than 1 year.

In conclusion, these findings add to the current body of 
evidence supporting the role of combination PD-1/PD-L1 
and CTLA-4 inhibitor therapy in patients with advanced 
and/or metastatic solid tumors. The results of this study 
suggest that pacmilimab in combination with ipilimumab 
could provide a more favorable toxicity profile than tradi-
tional combination CTLA-4 and PD-1/PD-L1-targeted 
therapies. The tolerability of 3 mg/kg ipilimumab suggests 
that pacmilimab functioned as designed with preferential 
activation in the tumor microenvironment. This improved 
tolerability may allow the use of higher ipilimumab doses in 
combination therapy which would likely result in greater effi-
cacy. The results support further evaluation of pacmilimab 
in combination with other ICIs or targeted therapies and 
highlight the potential value of Probody therapeutics in 

Figure 3  Ipilimumab PK after (A) administration of pacmilimab followed by ipilimumab 3 mg/kg q3w×4; (B) pacmilimab 
followed by ipilimumab 6 mg/kg q3w×4; and (C) pacmilimab followed by ipilimumab 10 mg/kg q3w×4. Data presented are 
observed ipilimumab plasma concentrations (points) versus population predicted ipilimumab concentrations (line and shaded 
area). Line and shaded regions represent median and 90% prediction intervals of ipilimumab concentrations from a published 
population PK model for ipilimumab when given as monotherapy.24 PK, pharmacokinetic; q3w, once every 3 weeks.
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improving the safety and tolerability of immune therapies in 
patients with cancer.
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