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ABSTRACT
Background: Adrenocortical carcinoma is a rare malignancy, with poor prognosis and limited treatment 
options for patients with advanced disease. Chemotherapy is the current standard first-line treatment, 
providing only a modest survival benefit. There is only limited treatment experience with immunotherapy 
using single-agent anti-PD-1/PD-L1 therapy. To date no clinical trials have been reported using combina-
tion immunotherapy with anti-CTLA-4 and anti-PD-1 blockade in this patient population.
Methods: CA209-538 is a prospective multicentre clinical trial in patients with advanced rare cancers. 
Participants received the anti-PD-1 antibody nivolumab (3 mg/kg IV) and the anti-CTLA-4 antibody 
ipilimumab (1 mg/kg IV) every three weeks for four doses, followed by nivolumab (3 mg/kg IV) every 
two weeks and continued for up to 96 weeks, until disease progression or unacceptable toxicity. Response 
was assessed every 12 weeks by RECIST version 1.1. Primary endpoint was clinical benefit rate (complete 
response, partial response, stable disease at 12 weeks).
Results: Six patients with adrenocortical carcinoma were enrolled and received treatment. Two patients 
(33%) have an ongoing partial response (10 and 25 months +) and two patients (33%) stable disease 
leading to a disease control rate of 66%. Both responders had tumors with a microsatellite instable 
phenotype. One patient rapidly progressed shortly after enrollment into the trial and did not undergo 
restaging. Immunotherapy-related toxicity was reported in all patients, with four patients (67%) experien-
cing grade 3/4 hepatitis leading to discontinuation of treatment.
Conclusions: This is the first treatment experience using ipilimumab and nivolumab combination immu-
notherapy in patients with advanced adrenocortical carcinoma. Durable responses have been observed in 
a subset of patients suggesting that this treatment regimen should be further investigated in this patient 
population.
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Background

Adrenocortical carcinoma (ACC) is a rare endocrine malignancy 
with a reported incidence of 0.5–2 cases per million population 
per year.1 The overall prognosis of patients with locally advanced 
or metastatic ACC not amendable to surgery is poor and treatment 
options are very limited. Expert consensus guidelines have been 
published to assist with the management of ACC patients.2 The 
current standard treatment is a polychemotherapy regimen com-
bined with the adrenolytic agent mitotane that has demonstrated 
a progression free survival without an overall survival benefit and 
is associated with a high rate of treatment-related sided effects.3 

There are no established second-line therapies and several clinical 
trials using different targeted agents have been unsuccessful.4

Early clinical trials using immunotherapy with single-agent 
anti-programmed cell death protein 1 (PD-1)/programmed 
death-ligand 1 (PD-L1) antibodies have demonstrated limited 
activity,5–8 although a recent trial using the anti-PD-1 antibody 

pembrolizumab has shown a more substantial benefit in a subset 
of ACC patients.8 Clinical trials using combined anti-PD-1/anti- 
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) blockade 
have revealed superior efficacy compared to single-agent anti-PD 
-1 therapy across several malignancies9,10 but so far no treatment 
experiences have been reported in patients with metastatic ACC.

Patients with ACC were enrolled into CA209-538, a clinical 
trial treating patients with advanced rare cancers with combi-
nation immunotherapy of the anti-PD-1 antibody nivolumab 
and the anti-CTLA-4 antibody ipilimumab.

Methods

Study design

CA209-538 is a multicentre open label phase 2 study conducted 
at five Australia sites (Austin Health, Peter McCallum Cancer 
Center and Monash Health, Melbourne; Blacktown Hospital, 

CONTACT Oliver Klein oliver.klein@onjcri.org.au Olivia Newton-John Cancer Research Institute, Austin Hospital, 145 Studley Road, Heidelberg VIC 3084, 
Australia
Abbreviations: ACC: Adrenocortical carcinoma; NSCLC: non-small cell lung cancer; RCC: renal cell carcinoma; PD-1: programmed cell death protein 1; PD-L1: 
programmed death-ligand 1; CTLA-4: cytotoxic T-lymphocyte-associated protein 4; MSI: microsatellite instable; irAE: immune-related adverse event

ONCOIMMUNOLOGY                                        
2021, VOL. 10, NO. 1, e1908771 (7 pages) 
https://doi.org/10.1080/2162402X.2021.1908771

© 2021 The Author(s). Published with license by Taylor & Francis Group, LLC. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/2162402X.2021.1908771&domain=pdf&date_stamp=2021-04-12


Sydney; and Border Medical Oncology, Albury/Wodonga, 
local sponsor was the Olivia Newton-John Cancer Research 
Institute, Melbourne). The trial enrolled patients into three 
tumor cohorts (rare upper gastrointestinal cancers, rare gyne-
cological cancers and neuro-/endocrine neoplasms) with each 
cohort being limited to 40 patients. Patients with advanced 
ACC were enrolled into the neuro-/endocrine cohort. Eligible 
patients were aged 18 years or older and had a histologically 
confirmed metastatic rare cancer. Central pathology review 
was not undertaken as part of the trial but the diagnosis of 
ACC in all six patients presented here has been confirmed by 
an anatomical pathologist with expertise in this tumor type. 
Patients had at least one measurable lesion according to 
Response Evaluation Criteria In Solid Tumor (RECIST) ver-
sion 1.1 and an Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 or 1. Other inclusion criteria were a life 
expectancy of three months or more and an adequate organ 
function. Patients could either be treatment naive or had 
received prior systemic therapy with a minimum washout 
period of 28 days before initiation of study treatment. Disease 
progression following prior therapy was not an inclusion 
requirement. Key exclusion criteria were active brain metas-
tases and a history of autoimmune conditions.

Archival tumor tissue, or a fresh tumor biopsy during 
screening, were required for predictive biomarker analysis. 
Archival formalin-fixed paraffin-embedded tumor tissue was 
tested for PD-L1 expression by immunohistochemistry (IHC). 
The antibody used was Ventana PD-L1 (SP263) according to 
the ULTRA VENTANA PD-L1 (SP263) Assay (Roche diag-
nostics). A tumor was deemed PD-L1 positive if there was at 
least 1% expression on tumor cells. DNA was extracted from 
tumor tissue for gene sequencing and the tumor mutational 
burden (TMB) was determined by the Oncomine tumor muta-
tion load assay (Thermo Fisher Scientific Ltd). The tumor 
microsatellite status was determined by examining the expres-
sion of mismatch repair proteins by immunohistochemistry. 
Genomic profiling has been performed by using multigene 
panel assays.11,12

The clinical trial protocol was reviewed and approved by the 
Institutional Review Board at Austin Health (Melbourne, 
Australia) HREC/16/Austin/152 and was undertaken in accor-
dance with Declaration of Helsinki and guidelines of Good 
Clinical Practice. Written informed consent was obtained 
from all participants prior to enrollment into the study.

Treatment
Nivolumab and ipilimumab were administered intrave-

nously at a dose of 3 mg/kg and 1 mg/kg, respectively, every 
three weeks for four doses (induction phase), followed by 
nivolumab monotherapy at a dose of 3 mg/kg every two 
weeks (maintenance phase) until disease progression, unaccep-
table toxicity or a maximum of two years after enrollment. 
Dose reductions were not permitted; however, study treatment 
could be interrupted to enable recovery from adverse reactions 
for up to six weeks unless a longer interruption was clinically 
indicated. If treatment was discontinued patients were fol-
lowed up until disease progression or initiation of a different 
treatment, survival analysis was ongoing for up to two years. 
Tumor assessments were performed by radiological assessment 
(computer tomography of brain, chest, abdomen, pelvis) at 

baseline and then every 12 weeks during treatment or follow 
up. A confirmatory scan was performed six weeks after the first 
restaging scan at week 18. Tumor response was assessed 
according to RECIST version 1.1. Patients with evidence of 
progressive disease at their first restaging scan in week 12 were 
permitted to continue on study treatment at the discretion of 
the investigator for another six weeks until radiological con-
firmation of progression at week 18. Safety analyses were 
performed on all patients who received at least one dose of 
study treatment. Laboratory monitoring and safety assess-
ments were performed at baseline and prior to treatment 
according to the study protocol. Adverse events were graded 
in accordance with the NCI Common Terminology Criteria for 
Adverse Events version 4.0 and collected during treatment and 
for 100 days after the last dose received.

Outcomes
The primary endpoint was the proportion of patients with 

disease control at week 12 (complete response, partial response 
or stable disease) according to RECIST 1.1 criteria. The sec-
ondary objective was identification of a tumor agonistic pre-
dictive biomarker or immune signature.

Statistical analysis
Given the heterogeneous nature of the rare cancer patient 

population enrolled in the trial, statistics were descriptive and 
no sample size calculation was undertaken.

Results

Between November 2017 and September 2019, six patients with 
adrenocortical carcinoma were enrolled into the CA209-538 
clinical trial, the median follow up for this cohort is 
14.7 months. Demographics and disease characteristics are 
outlined in Table 1. Four patients were female and the median 
age was 48 years. Five patients were ECOG 0; three patients 
were treatment naïve, one patient had received one line and 
two patients, two lines of prior systemic treatment at the time 
of enrollment. All pre-treated patients had progressive disease 
at time of study enrollment. None of the patients received 
concomitant mitotane treatment during the trial and mitotane 
has been ceased in two patients 28 days prior to commence-
ment of study treatment. Four of six patients had hormonally 
nonfunctioning tumors and two a cortisol producing ACC

Overall, four patients (66%) were alive at the time of data 
analysis, one patient did not undergo a post-baseline assess-
ment as he clinically progressed and died prior to the week 12 
restaging scan. Two of six patients (33%) completed the induc-
tion treatment with four doses of ipilimumab and nivolumab. 
Three patients (50%) discontinued treatment during the induc-
tion phase and one patient (17%) during the maintenance 
phase due to severe immune related adverse events (irAEs). 
The objective response rate was 33%, two patients (33%) had 
stable disease leading overall to a disease control rate of 66% 
(Figure 1, Table 1). The two responders obtained reductions of 
target lesions by 70% and 86% with one of the patients having 
a complete metabolic response on a FDG – PET scan; both 
responses are ongoing at the time of analysis (10 and 
25 months) (Figure 1). Both responding patients received 
only one and two doses of induction immunotherapy respec-
tively before discontinuation of study treatment due to the 
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development of grade 3/4 hepatitis. Both responders had also 
the lowest tumor burden based on the sum of target lesions 
according to RECIST 1.1.

All six patients experienced irAEs of any grade. Grade 3/4 
irAEs occurred in five out of six patients (83%), most com-
monly hepatitis in four patients. Other high-grade irAEs 
included adrenalitis and neutropenia. Both responding 
patients developed concomitant severe immune-related hepa-
titis and adrenal gland insufficiency due to adrenalitis. There 
were no treatment-related deaths (Table 1).

Two of six patients had tumors with PD-L1 expression on at 
least 1% of tumor cells, both patients did not respond to study 
treatment. The two patients obtaining an objective response 
had tumors with an MSH2 mutation in keeping with 
a microsatellite instable phenotype (MSI-H), one patient on 
the background of a MSH2 germline mutation. The tumor of 
this patient demonstrated a high TMB of 145 mutations per 
megabase (MB) whilst the second MSI-H tumor demonstrated 
only a TMB of 5.05/MB. The TMB range of the remaining four 
patients has been 0–170/MB; the patient with the tumor 
demonstrating the highest TMB had stable disease as her best 
response to study treatment with a reduction of target lesions 
that has just fallen short of an objective response, it carried 
a biallelic RB1 deletion. Genomic profiling of tumor tissue of 
all six patients by multigene panel testing revealed several 
known ACC associated gene aberrations (Table 1). The tumors 

of both responders harbored next to a MSH-2 mutation, an 
inactivating TP53 mutation.

Discussion

Current systemic treatment options for patients with advanced 
ACC include mitotane which is associated with a response rate 
of 23%, median time to progression of 5.5 months and high 
toxicity.13 Similarly, platinum-based chemotherapy (EDP – 
etoposide, doxorubicin, cisplatin) in combination with mito-
tane, has modest efficacy in ACC patients, with a progression 
free survival of 5.6 months, an overall survival of 14.8 months, 
and is associated with a high rate (58%) of serious adverse 
events as reported in the FIRM-ACT study.3 There are no 
established second-line therapies and there is an urgent need 
for new treatment approaches to improve the outcome of these 
patients.

We report here on the first treatment experience with anti- 
PD-1/CTLA-4 combination immunotherapy in patients with 
ACC. Our observations confirm that immunotherapy using 
checkpoint inhibition has significant clinical activity in 
a subset of patients with advanced ACC, which is in keeping 
with a recently published clinical trial with the anti-PD-1 anti-
body pembrolizumab.8 Raj et al. reported on 39 patients who 
received pembrolizumab with an objective response rate of 

Figure 1. A) Waterfall plot of the best objective response measured as the maximum change from baseline in the sum of the longest diameter of each target lesion. 
(♦ Patient clinically progressed prior to first restaging. B) Swimmer plot demonstrating time to response and duration of study treatment. C) Computer tomography (CT) 
obtained from a responding patient with metastases involving lung, liver and right adrenal gland. The patient received two doses of nivolumab and ipilimumab with the 
treatment being discontinued due to severe autoimmune hepatitis. Restaging at week 12 revealed a partial remission and three monthly follow-up CT scans 
demonstrated a further reduction in size of his target lesions (Circle encloses the right adrenal gland metastasis at baseline).
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23% and a disease control rate of 52%. We observed in our 
patient cohort an objective response rate of 33% and a disease 
control rate of 66%, with both responding patients having 
ongoing responses at 10 and 25 months. Although the response 
rate in our patient cohort using combined checkpoint blockade 
is numerically higher to published data using single-agent anti- 
PD-1/PD-L1 therapy,5–8 the limited number of ACC patients 
enrolled in our trial precludes any firm conclusions. Further 
clinical trials will be required to assess if combination immu-
notherapy demonstrates superior efficacy to single-agent anti- 
PD-1 therapy in ACC patients as demonstrated in other 
malignancies.9,10

Efficacy of anti-PD-1/PD-L1 therapy in the so far published 
clinical trials in patients with advanced ACC differs signifi-
cantly, with response rates varying between 6% and 23%.5–8 

This may be explained by the small number of patients enrolled 
in these studies or the number of study participants with an 
MSI-H tumor phenotype.

MSI-H cancers have shown to be particular sensitive to 
anti-PD-1 checkpoint blockade in clinical trials using pem-
brolizumab or nivolumab demonstrating objective responses 
in around 35% of patients.14,15 The Keynote-158 trial, 
a basket trial for patients with MSI-H cancers included 
five patients with ACC however did not report specifically 
on their outcome.14 A significant proportion of patients 
with ACC have an MSI-H tumor phenotype16 with 
a subgroup of patients having a mismatch match repair 
(MMR) protein germline mutation as part of Lynch 
syndrome.17 One of our patients who experiences 
a durable treatment response was diagnosed during his 
trial participation with an MSH 2 germline mutation.18 

Despite the fairly high response rate of MSI-H cancers to 
single-agent anti-PD-1 therapy, the majority of patients 
demonstrate either primary or develop secondary 
resistance.14,15 In keeping with this, Raj et al enrolled six 
patients with MSI-H ACC in their trial with pembrolizumab 
and observed only two objective responses in this patient 
group.8 It is currently unknown if the response to anti-PD-1 
therapy in MSI-H cancers can be further improved by using 
combined anti-PD-1/CTLA-4 blockade as it has already 
been shown in patients with advanced MSI-H colorectal 
carcinoma.19 Both patients with MSI-H phenotype in our 
study cohort obtained durable responses.

Apart from the microsatellite status of the tumor, no bio-
markers have so far emerged that can predict for response to 
checkpoint inhibition in patients with advanced ACC. The 
frequency of ACC expressing PD-L1 on tumor cells is low20 

and PD-L1 expression has not been associated with response in 
the so far published clinical trials.6,8 In keeping with these 
observations only two patients in our cohort had a PD-L1 
positive tumor, both did not respond to study treatment.

TMB has been associated with treatment response to check-
point inhibition across a range of malignancies.21 The majority 
of tumors in our cohort had a low TMB in keeping with 
previous reports demonstrating that ACC is one of the malig-
nancies with the lowest TMB.22 The tumor with the highest 
TMB next to an MSI-H tumor was mismatch repair protein 
proficient and harbored a biallelic RB1 deletion. Preclinical 

studies have shown that RB1 deletions can lead to increased 
DNA damage by impaired homologous recombination repair 
potentially explaining the high TMB in this patient.23

We identified in the tumor tissue of our patient cohort 
several oncogenic mutations that are well recognized as onco-
genic aberrations in ACC.22 Of interest the tumor of one 
responder had an activating CTNNB1 and an inactivating 
STK11 mutation both of which have been associated with 
primary resistance to anti-PD-1 therapy in patients with mel-
anoma and non-small cell lung cancer respectively suggesting 
that combination immunotherapy may overcome this 
resistance.24,25

In addition, both responders had the lowest tumor burden 
which is in keeping with data from anti-PD-1 treated meta-
static melanoma patients in which a lower baseline tumor 
burden correlated with improved clinical outcome.26

Five out of six ACC patients in our trial experienced high- 
grade immune-related toxicity, including four patients (67%) 
with severe autoimmune hepatitis. It is well recognized that 
there is a significantly higher rate of high-grade irAEs with 
combined anti-PD-1/CTLA-4 blockade compared to single- 
agent anti-PD-1 therapy. The rate of high-grade irAEs with 
combination treatment depends on the dose of ipilimumab 
with low-dose regimens leading to high-grade immune 
related toxicity in around one third of patients.9,19 Our trial 
used a low dose ipilimumab regimen so that the high rate of 
severe irAEs, particularly the high rate of hepatitis in our 
ACC cohort was unexpected. Frequency, severity and type 
of immune-related toxicity can differ between tumor types, 
e.g. a high frequency of severe irAEs and unusual autoim-
mune toxicity has been observed in patients with thymic 
carcinoma treated with pembrolizumab.27 In keeping with 
our observations, Raj et al also detected a high rate of 
immune related hepatitis in their ACC study population 
including in all responding patients.8 Both of our responders 
developed next to severe autoimmune hepatitis primary adre-
nal gland insufficiency due to presumed adrenalitis leading to 
study discontinuation after only one and two treatment doses; 
nevertheless, both patients have durable responses of 10 and 
25 months. This may suggest that checkpoint inhibition in 
ACC patients reinvigorates anti-tumor immune responses 
that are directed against shared antigens expressed by liver 
and adrenal gland. Despite the high rate of severe irAEs, 
toxicity in our patient population could be well managed 
and resolved completely.

One patient rapidly progressed after study enrollment and 
received only one treatment dose; the patient’s tumor had 
a very high proliferation index in keeping with an aggressive 
tumor biology that likely accounted for his rapid clinical dete-
rioration although we cannot fully exclude a negative impact of 
checkpoint inhibition leading to an accelerated tumor growth 
as it has demonstrated in other malignancies.28

Overall, our data set adds to the evidence that immunotherapy 
using checkpoint inhibition leads to significant clinical efficacy in 
a subset of patients with advanced adrenocortical carcinoma, 
which contrasts with the short-lived responses obtained with 
chemotherapy. Ongoing clinical research is required to identify 
biomarkers for improved patient selection,29 and to address if 
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combination immunotherapy provides additional benefit com-
pared to single-agent anti-PD-1 therapy.
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