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Summary
Background Dual inhibition of cytotoxic T-lymphocyte associated protein 4 (CTLA-4) and programmed death
ligand 1 (PD-L1) has been shown to be an effective treatment strategy in many cancers. We sought to determine
the objective response rate of combination durvalumab (D) plus tremelimumab (TM) in parallel cohorts of
patients with carefully selected rare cancer types in which these agents had not previously been evaluated in
phase II trials and for which there was clinical or biological rationale for dual immune checkpoint inhibitor
therapy to be active.

Methods We designed a multi-centre, non-blinded, open-label phase II basket trial with each of the following 8 rare
cancers considered a separate phase II trial: salivary carcinoma, carcinoma of unknown primary (CUP) with tumour
infiltrating lymphocytes and/or expressing PD-L1, mucosal melanoma, acral melanoma, osteosarcoma,
undifferentiated pleomorphic sarcoma, clear cell carcinoma of the ovary (CCCO) or squamous cell carcinoma of
the anal canal (SCCA). The primary objective was to evaluate the response rate of the combination of D and TM,
and the secondary objectives were to evaluate the tolerability and safety of D and TM combination. Eligible
patients had advanced, metastatic or recurrent, or unresectable cancer with no known life-prolonging treatment
option, age ≥16 years, ECOG performance status 0 or 1. Patients received D (1500 mg IV) + TM (75 mg IV) on
Day 1 q4 weeks for 4 cycles followed by D q4 weeks until disease progression. This trial is registered with
ClinicalTrials.gov, NCT02879162.

Findings From December 14th, 2016, to August 14, 2019, 140 patients enrolled into seven cohorts. The rare mela-
noma cohorts were closed due to lack of accrual. Of the 140 patients enrolled, 138 were eligible, 138 were evaluable
for toxicity and 128 (91%) were evaluable for response. Durable responses were noted in all cohorts except for os-
teosarcoma. The overall response rate for eligible patients was 16% (95% CI: 10–23%). The response rates in each
cancer cohort were undifferentiated pleomorphic sarcoma 15% (n = 3/20; 95% CI 3–38%), salivary carcinoma 20%
(n = 4/20; 95% CI: 6–44%), CUP 17% (n = 3/18; 95% CI 4–41%), SCCA 10% (n = 2/20; 95% CI 12–32%) and CCCO
21% (n = 8/39; 95% CI 9–37%). Grade 3/4 adverse events were rare, where 4 patients experienced grade 4 related
events and39 patients experienced grade 3 events.

Interpretation Durvalumab + tremelimumab treatment resulted in meaningful responses in salivary carcinoma and
CCCO and deserves further exploration in front-line studies.

Funding AstraZeneca and Canadian Cancer Society.
*Corresponding author.
E-mail address: abha.gupta@uhn.ca (A.A. Gupta).
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Research in context

Evidence before this study
We searched PubMed using the search terms durvalumab,
tremelimumab, nivolumab, ipilimumab, clinical trials, salivary
carcinoma, carcinoma of unknown primary, mucosal
melanoma, acral melanoma, osteosarcoma, undifferentiated
pleomorphic sarcoma, clear cell carcinoma of the ovary
(CCCO), squamous cell carcinoma of the anal canal for studies
published between Jan 1, 2010, and Dec 31, 2023, without
language restrictions. The response rates to nivolumab alone
or in combination with ipilimumab for people with ovarian
and other extra-renal clear cell carcinomas were 14.2 and
26.7%, respectively among whom the majority had CCCO
(n = 24/30 patients). A phase 2 study in salivary CA reported

response rate of 16% to combination of
nivolumab + ipilimumab.

Added value of this study
Through this basket study, we were able to enrol patients
with multiple rare cancers to test activity of durvalumab plus
tremelimumab and demonstrated promising activity in CCO
and salivary carcinoma.

Implications of all the available evidence
The findings from this study add further evidence that
checkpoint inhibitors may play an important role in the
treatment of patients with advanced CCCO and salivary
carcinoma.
Introduction
Agents with inhibit cytotoxic T-lymphocyte associated
protein 4 (CTLA-4) and programmed death ligand 1 (PD-
L1) have been shown to be an effective treatment for pa-
tients with many cancers. Durvalumab (D) is a human
monoclonal antibody of the immunoglobulin G1 kappa
subclass that binds to PD-L1 and blocks its interaction with
PD-1, a co-inhibitory receptor known to be expressed on
activated T cells.1 Clinically, blockade of the PD-1 immune
checkpoint pathway by inhibiting PD-L1/PD-1 engage-
ment has been shown to induce tumour regression across
many cancer types including melanoma, renal cell, colon,
lung and bladder cancers.2–5 Tremelimumab (TM) is a
human monoclonal antibody of the immunoglobin G2
subclass that binds to human CTLA-4, a cell surface re-
ceptor expressed primarily on activated T cells.6 The
combination of anti-PD-L1 and anti-CTLA-4 is a promising
approach against many cancer types because of non-
redundant pathway blockade and synergy based on pre-
clinical data as well as emergent clinical data.7–9

For this basket trial, we sought to explore parallel
cohorts of relatively rare under-investigated cancers that
had1 biological features supporting their potential to
respond to combination checkpoint inhibition D + TM
such as expression of PD-L1, presence of immune cell
infiltrates in tumour and/or high mutation burden,2

clinical need for new systemic treatment options,3

limited or no data on the value of checkpoint in-
hibitors and4 feasibility to accrue sufficient patients to
assess activity across participating Canadian centres.
Based on the literature available at the time of study
design, we included the following cancers: 1. salivary
carcinoma10 2. carcinoma of unknown primary with
tumour infiltrating lymphocytes (TILs) and/or
expressing PD-L1 (CUP)11 3. mucosal melanoma12 4.
acral melanoma13 5. osteosarcoma14,15 6. undifferentiated
pleomorphic sarcoma16 7. clear cell carcinoma of the
ovary (CCCO)17,18 and 8. squamous cell carcinoma of the
anal canal (SCCA).19
Methods
Study design and participants
This is a multi-centre, non-blinded, open-label single
arm phase II basket trial of D + TM with 8 parallel in-
dependent cohorts of different histological subtypes of
advanced rare cancers to assess objective response rate.
The Canadian Cancer Trials Group conducted the trial
and thirteen cancer centres participated across Canada.
Eligible patients were ≥16 years of age with an ECOG
performance status of 0 or 1 and had a confirmed
diagnosis of 1. salivary carcinoma, 2. carcinoma of un-
known primary with TILs and/or expressing PD-L1
(CUP), 3. mucosal melanoma, 4. acral melanoma, 5.
osteosarcoma, 6. undifferentiated pleomorphic sarcoma,
7. clear cell carcinoma of the ovary (CCCO) or 8. squa-
mous cell carcinoma of the anal canal (SCCA). Patients
must have had cancer that was advanced, metastatic, or
recurrent, or unresectable and for which there was no
known life prolonging therapy. Patients were required
to have tissue from primary or metastatic disease
available, at least one measurable lesion as defined by
RECIST 1.1 that had not been the site of the protocol
mandated biopsy and have protocol-specified normal
organ function.

Patients must not have systemic therapy within 2
weeks, five half-lives for investigational agents or stan-
dard cycle length of standard systemic therapies, nor
www.thelancet.com Vol 79 January, 2025
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radiation therapy or major surgery within 28 days of
registration. Notable exclusion criteria were a history of
other malignancies, except adequately treated non-
melanoma skin cancer, curatively treated in-situ cancer
of the cervix, or other cancers curatively treated with no
evidence of disease for ≥5 years; history of active or
prior documented autoimmune or inflammatory disor-
ders including inflammatory bowel disease or serious
gastrointestinal chronic conditions associated with
diarrhea, systemic lupus erythematosus, sarcoidosis,
Wegener syndrome (granulomatosis with polyangiitis),
rheumatoid arthritis, hypophysitis, uveitis, etc. within
the past 3 years prior to the start of treatment with the
following exceptions: alopecia, Grave’s disease, vitiligo
or psoriasis not requiring systemic treatment.

The protocol was amended to expand to twenty
additional patients to the CCCO cohort (Amendment #2
dated January 25, 2019) and closed in December 2019
after the 42nd CCCO patient was registered. All
remaining cohorts completed accrual as originally
designed.

Ethics
The study was done in accordance with the Declaration
of Helsinki, Good Clinical Practice guidelines, and na-
tional policies for clinical trials and biological speci-
mens. Each participating centre (University Health
Network, Princess Margaret Cancer Centre, CAVA—
BCCA, Ottawa Hospital Research Institute, CHUM-
Centre Hospitalier de l’Universite de Montreal, Jura-
vinski Cancer Centre at Hamilton Health Sciences,
London Regional Cancer Program, CancerCare Man-
itoba, The Research Institute of the McGill University,
BC Cancer and Molecular and Advanced Pathology
Centre) obtained approval from their own institutional
ethics review board. Written informed consent was ob-
tained from all patients. Archival tumour tissue sam-
ples, pre-treatment biopsies, and radiographic scans
were de-identified and sent for correlative studies and
central review.

Procedures
Following registration, patients were treated with D at a
dose of 1500 mg IV plus TM at 75 mg IV on Day 1 every
4 weeks for a total of four cycles followed by D q 4
weeks. Treatment continued until disease progression
or unacceptable toxicity. Each drug was administered
over 60 min. Patients were monitored for 1 h following
the first infusion; if no reaction occurred, further
monitoring was as per the investigator. Detailed toxicity
monitoring and dose adjustments are listed in the pro-
tocol (Appendix A). Hematopoietic growth factors, sup-
portive and palliative care treatments (i.e., pain
medication, anti-emetics, and anti-diarrheal medica-
tions) were permitted on study. Cytokines, concurrent
radiation, other anti-cancer drugs or investigational
agents were not permitted. Corticosteroids at supra-
www.thelancet.com Vol 79 January, 2025
physiological doses were not permitted except for the
treatment of ≥ grade 3 infusion reaction, or treatment
related toxicity. Topical applications (e.g., rash), inhaled
sprays (e.g., obstructive airways diseases), eye drops or
local injections (e.g., intra-articular) were allowed. Pa-
tients who were on low oral doses of prednisone (5 mg
BID or dexamethasone equivalent) were required to
discontinue prior to study entry unless medically
contraindicated.

At baseline, physical exam, basic organ function
blood work, assessment of left ventricular function,
urinalysis and tumour evaluation were done. Thereafter,
patients were assessed each cycle and tumour evaluation
by imaging was conducted every 12 weeks. For the CUP
cohort, expression of CD8+ TILs or PDL1 was required
for enrolment. Archival tumour was evaluated for T cell
infiltration on H&E slides, and PD-L1 expression was
assessed by quantitative immunohistochemistry. For all
other cohorts, archival tissue was retrospectively evalu-
ated for PD-L1 expression and for lymphocyte infiltra-
tion including subtypes by immunohistochemistry
(CD8). In addition, tumour mutation burden (TMB) was
assessed in the CCCO cohort.

Pathology review
An H&E slide and block from each patient’s archival
tumour was requested on all patients for central pa-
thology review and for biomarker studies. Central re-
view of pathology specimens was conducted by
pathologists with appropriate subspecialty expertise in
head & neck, cutaneous, musculoskeletal, and gyneco-
logic pathology. Pathologists had access to the scanned
copy of the original pathology report and digital H&E
image. In cases where this was insufficient to confirm
the diagnosis, additional immunohistochemical and/or
molecular tests were performed on the submitted block.

CD8 and PD-L1 expression
Pre-treatment formalin-fixed, paraffin embedded (FFPE)
slides were stained for PD-L1 using the Ventana PD-L1
(SP263) immunohistochemistry assay (Ventana Medical
Systems, Tucson, AZ) using a Ventana BenchMark XT
immune autostainer. The percentage of membranous
tumour cell staining (tumour proportion score, TPS)
was assessed along with the percentage of PD-L1 posi-
tive immune cells (ICs, lymphocytes, and macrophages)
and the ratio of total PD-L1 positive cells relative to all
viable tumour cells (combined positive score, CPS). TPS
and IC PD-L1 were scored semi-quantitatively as <1%,
1–10%, 10–24%, 24–49%, and ≥50%. CPS was scored
as <1%, 1–10%, 10–24%, 24–49%, and ≥50%. Each
slide was scored by two independent reviewers and non-
concordant scores were re-reviewed by the same pa-
thologists to determine consensus result.

Immune cell infiltration of tumour was assessed by
CD8 immunohistochemistry performed using the
Ventana Confirm anti-CD8 (SP57) rabbit monoclonal
3
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antibody and Ultraview Universal DAB Detection Kit
(#760–500), as per manufacturer’s recommended pro-
tocol. Whole slides digital images were generated using
the Olympus VS120 slide scanner at 20x magnification.
The tumour boundary was annotated and CD8 positive
cell densities within the tumour region were quantified
using Indica Labs HALO image management system
(version 3.5.3577).

Tumour mutation burden analysis
DNA from normal peripheral blood mononuclear cells
and tumour was extracted and whole exome analysis to
100X was performed using standard protocols.20 Fastq
files were aligned to the reference genome hg38 using
bwaMem. Alignment was followed by variant calling by
mutect2 on a matched tumor and normal, mutect2 calls
were then annotated by Variant Effect Predictor (VEP).
TMB was estimated using custom scripts by calculating
the proportion of the callable space, the region of the
genome used for variant calling per Megabase, where
protein altering mutations are identified as PASS by
mutect2. Protein altering mutations includes the
following VEP classes: Missense_Mutation, In_Fra-
me_Ins, In_Frame_Del, Frame_Shift_Ins, Frame_-
Shift_Del, Splice_Site, Translation_Start_Site,
Nonsense_Mutation, Nonstop_Mutation, Silent.

Statistics
The primary endpoint of this study was investigator
reported objective response rate, defined as the pro-
portion of response evaluable patients who had com-
plete response (CR) or partial response (PR) as their best
response as assessed by RECIST version 1.1 criteria (i.e.,
a 30% decrease in the sum of the longest diameters of
the target lesions maintained for at least 4 weeks (PR),
or complete disappearance of disease and cancer related
symptoms, also maintained for at least 4 weeks (CR)).
Early progression was defined as progressive disease at
or prior to the first assessment. Progression free survival
was defined as date of enrolment to death, censoring
event or documented progressive disease. Overall sur-
vival was defined as date of enrolment to date of death or
censoring event. Adverse events were categorized using
NCI CTCAE version 4.

Each of the eight disease cohorts were a 2-stage
phase II study. In stage 1, 10 response evaluable pa-
tients were entered. Using response hypotheses of H0 ≤
5% and Ha ≥25%, the drug combination would be
rejected at the end of the first stage if no responses were
seen. Otherwise, an additional ten patients were accrued
to the cohort. In stage 2 of accrual, the drug would be
considered active if four or more responses are observed
among the twenty patients. This tests the null hypoth-
esis (H0) that the response rate is 5% versus alternating
hypotheses (Ha) that the response rate is 25%. The
significance level is α = 0.02 and the power is 0.76. If the
true response rate of an agent were 10%, it would be
identified as ineffective with probability of 0.87. If the
true response rate of the agent were 30%, it would be
identified as effective with probability of 0.88. Since the
eligibility was not initially limited to patients with
tumour expression of PD-L1 and/or TILs (except for
cohort 2), where feasible, a minimum of ten patients
with tumours with TILs and/or PD-L1 expression was
planned to be included in the response analysis. The
Clopper-Pearson exact 95% confidence interval for the
response rate was calculated.

Role of the funding source
The study was sponsored by the Canadian Cancer Trials
Group, and CCTG investigators participated in the study
design, data collection, data analysis, data interpretation,
and the writing of the report. All authors had access to
summary data and accepted final responsibility for
publication. AstraZeneca supported the trial by
providing the agents and funding.
Results
From December 14th, 2016 to August 14, 2019, a total
of 140 patients were enrolled into seven cohorts. Of
these, two patients are ineligible due to not having
protocol required cancer both on the CCCO cohort
(one patient had suspected metastatic recurrence sub-
sequently found to be benign tumour and one patient
had mixed clear cell histology), and two patients
registered to the trial but did not go on to receive any
study drugs; one on the CUP cohort (one patient had
rapid decline in performance status and another on
UPS cohort who had lipase/amylase elevation prior to
starting treatment). Consort flow chart of participants
is presented in Fig. 1. Patient characteristics are sum-
marized in Table 1 (Additional patient characteristics
by cohort are available in Supplementary Table S1).
Accrual to cohorts proceeded as designed with the
following exceptions: the acral and mucosal melanoma
cohorts were closed early due to poor accrual as these
patients became eligible to receive immune checkpoint
inhibitors as standard of care. Following evidence of
clinical activity among twenty patients with CCCO, the
protocol was amended to expand that cohort for
another twenty patients. Cohort accrual in summarized
in Table 2.

Central pathology review
Central pathology review confirmed the original diag-
nosis of 99% of all cases (136/138). One patient entered
on the CUP cohort was reviewed as representing a
specific primary site diagnosis (cholangiocarcinoma)
and one patient entered on the UPS cohort was diag-
nosed as an alternative specific sarcoma diagnosis
(malignant peripheral nerve sheath tumor). The number
of patients in each of the seven cohorts is shown in
Table 1.
www.thelancet.com Vol 79 January, 2025
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I228 Consort Diagram

REASONS INEVALUABLE FOR RESPONSE (N=10)
6 died disease not assessed
2 ineligible with wrong histology (1), benign tumour (1) 
2 symptomaƟc deterioraƟon and disease not assessed

REASONS NOT TREATED (N=2)
1 lipase/ amylase elevaƟon prior starƟng*
1 rapid decline/ ECOG 3 prior starƟng**

140 Enrolled

138 Treated

138 Evaluable for AEs

128 Evaluable for RECIST 
Response

Salivary 
carcinoma

(N=21)

Carcinoma of unknown 
primary with (TILs) and/or 

expressing PD-L (N=23 **)

Mucosal 
melanoma 

(N=1)

Ostesarcoma

(N=10)

UndifferenƟated 
pleomorphic 
sarcoma  (N=22*)

Clear cell carcinoma 
of the ovary (CCCO)      

(N=42)

Squamous cell 
carcinoma of the anal 

canal (SCCA) 

(N=21)

Fig. 1: CONSORT Flow chart of participants. Abbreviations: ECOG, eastern cooperative oncology group; AE, adverse events; RECIST, response
evaluation criteria in solid tumors.

Articles
Efficacy of durvalumab + tremelimumab
Of the 136 eligible patients enrolled across all cohorts,
128 (94%) were evaluable for response. Reasons pa-
tients were inevaluable were as follows: progressed or
died prior to planned 12-week imaging assessment (7
patients), never received treatment (2 patients) and
imaging not performed when required.1 The overall
response rate for evaluable patients (n = 128) was 16%
(95% CI: 10–23%) with durable responses in all cohorts
except for the osteosarcoma. The response rates by
cohort are listed in Table 2. Cohorts meeting the pro-
tocol defined criteria of success were salivary carci-
noma with ORR of 20% (95% CI: 6–44%) and CCCO
with ORR of 21% (95% CI 9–37%). The median time to
progression (TTP) were highest on the salivary carci-
noma cohort (5.3 months, 95% CI 2.6–7.9 months)
followed by CUP (4.6 months, 95% CI 2.6–5.5
months), while the lowest was observed on the osteo-
sarcoma cohort at median of 1.7 months (95% CI
0.7–2.6 months) (Table 3). PFS was also highest on the
salivary cohort at 5.3 months (95% CI 2.6–7.9 months)
while lowest was observed for osteosarcoma (1.7
months, 95% CI 0.7–2.6 months). Median overall
survival was highest on the salivary cohort (20.7
months, 95% CI 10.0–37.5 months) followed by CCCO
(11.0 months, 95% CI 7.0–24.1 months), osteosarcoma
(10.0 months, 95% CI 1.9–14.6 months) and CUP (8.7
months, 95% CI 3.5–12.5 months), with the UPS
cohort having the lowest median overall survival 5.0
months (95% CI 2.6–7.3 months). Kaplan Meier curves
of PFS, TTP and OS by cohorts are shown in
Supplementary Figures SA, SB, SC, respectively.
www.thelancet.com Vol 79 January, 2025
Treatment administration, safety and tolerability
A total of 961 cycles of D and 410 cycles of TM were
administered, with a median of three cycles (IQR 2–4
cycles) for both agents. Actual dose intensity for D and
TM were similar; with 83% of D (n = 138) and 86%
(n = 138) of TM treated patients receiving ≥90% of the
planned dose intensity. Doses were delayed in 33 (54%)
patients due to toxicity: most treatment delays were due
to diarrhea/colitis (n = 7), rash/pruritus (n = 4) and
anemia (n = 6), elevated LFTs (n = 4) and neutropenia
(n = 2). One patient had a cycle dose interrupted in cycle
3 for an infusion related reaction (grade 2) and another
for paresthesia.

All AEs occurring in ≥10% of patients are listed in
Table 4. Most non-hematologic, hematologic, and
metabolic AEs were grade 1–2. The most common
treatment related AEs were rash (n = 38, 28%), fatigue
(n = 40, 29%), pruritus (n = 34, 25%), diarrhea (n = 36,
26%) and hypothyroidism (n = 25, 18%). Thirty-nine
patients experienced grade 3 related adverse events
and four patients experienced grade 4 related adverse
events: seizure, sepsis, atrial fibrillation, and abdominal
infection. Immune-related AEs of any grade attributed
to D and TM occurred in 67% of patients (n = 93); and
18% (n = 25) were grade 3+. The most frequent
immune-related AEs were colitis/diarrhea (n = 10); se-
vere skin rashes (n = 5) and hepatitis (n = 3). Grade 3+
related events included diarrhea, pancreatitis, abdom-
inal infection, pneumonitis, myositis, scleroderma,
nephrotic syndrome and idiopathic pachymeningitis
(Table 5). Laboratory AEs are summarized in Table 6.
Only 1 pt (anal squamous carcinoma) was started on
5
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Category N (%) Total
N = 138

Age Median (IQR) 59.4 (50.6–65.0)

Sex Female 82 (59%)

Male 56 (41%)

ECOG Performance
Status

0 49 (36%)

1 89 (64%)

Malignancy Anal 21 (15%)

Melanoma 1 (1%)

Osteosarcoma 10 (7%)

Clear Cell Ovary 42 (30%)

Undifferentiated
Pleomorphic Sarcoma

22 (21) 1 patient was
not treated (15%)

Salivary gland
carcinoma

21 (15%)

Carcinoma of
Unknown Primary

23 (22) 1 patient was
not treated (16%)

Prior therapy Chemotherapy 109 (79%)

Hormone Therapy 2 (1%)

Immunotherapy 2 (1%)

Radiotherapy 77 (56%)

Other therapy 7 (5%)

Prior Chemotherapy
Regimens

0 29 (21%)

1 51 (37%)

2 38 (28%)

3 13 (9%)

4 5 (4%)

5 2 (1%)

Abbreviations: IQR, interquartile range; ECOG, eastern cooperative oncology
group.

Table 1: Patient characteristics.
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Pegfilgrastim soon after coming off study for PD
following the completion of 3 cycles.

At the July 2022 data cut-off, four patients in the
CCCO and one in the CUP cohort remained on D. A cut
off date on 25 Oct 2023 was used for OS, PFS and TTP
(Table 3). Ninety-three (70%) patients came off study
Cohort Patients (n) Eligible (n)a Ev
fo

Salivary gland carcinoma 21 21 2

Carcinoma unknown primary 23 22 1

Mucosal melanoma 1 1

Osteosarcoma 10 10 1

Undifferentiated pleomorphic sarcoma 22 21 2

Ovary (CCCO) 42 40 3

Anal (SCCA) 21 21 2

All 140 136 12

Abbreviations: CCCO, clear cell carcinoma of ovary; SCCA, squamous cell carcinoma of
progressive disease; IN, inevaluable for RECIST response; RR, response rate; CI, confiden
patients.

Table 2: Objective Responses, data cut off Oct 25, 2023.
due to objective PD and 9 (7%) for symptomatic pro-
gression. Fourteen (11%) patients came off study for
adverse events (AE) related to protocol therapy.
Fourteen (11%) patients died while receiving study
treatment: three due to AEs related to study drugs
(marantic endocarditis, renal failure, and pneumo-
nitis), eight from disease progression, and three un-
related deaths (aspiration, pulmonary edema, and
sudden death). Five patients refused further treat-
ment (not related to adverse events), three others
discontinued due to investigator decisions and one
patient could not return to their home to resume
study treatment due to COVID-19. Forty-six of 136
(34%) patients were able to complete all 4 TM cycles
per protocol; 62 (47%) patients stopped sooner due to
disease progression.
Biomarker analyses
Spearman correlations was calculated between levels of
expression PD-L1 (using CPS, TPS and IC scores) and
best tumour response. For the salivary cohort (number
of patients with PD-L1 results n = 17), weak correlation
has been observed (0.14 for CPS, −0.06 for TPS and 0.12
for IC); for CCCO cohort (n = 34), moderate non-
significant correlation has been observed (0.30 for CPS
(p = 0.062), 0.15 for TPS (p = 0.30) and 0.28 for IC
(p = 0.091)).

Similarly, TMB was assessed in 30 patients with
CCCO. Of these 30 patients, 4 had PR as the best
response, 8 SD and 18 PD. The median TMB is 1.1
mutations/MB (IQR 0.9–1.7). Patients with PR had a
slightly higher median TMB (1.34 mutations/MB) than
patients with SD and PD (both groups with median 1.07
mutations/MB (Supplementary Figure SD). Using me-
dian TMB as cutoff, the median OS is 10.5 months (95%
CI (6.7, 41.9)) for patients with TMB lower than the
median and 14.9 months (95% CI (7, NA)) for patients
with TMB higher than the median (Supplementary
Figure SE).
aluable
r response

CR PR SD PD IN RR (%) 95% CI(%)

0 0 4 8 8 1 20 6–44

8 0 3 8 7 4 17 4–41

1 0 0 0 1 0 0 0–0

0 0 0 1 9 0 0 0–31

0 0 3 0 17 1 15 3–38

9 1 7 10 21 1 21 9–37

0 0 2 5 13 1 10 12–32

8 1 19 32 76 8 16 10–23

anal canal; CR, complete response; PR, partial response; SD, stable disease; PD,
ce interval (based on Clopper-Pearson exact method). aAll eligible and treated

www.thelancet.com Vol 79 January, 2025
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Cohort Patients (n)a Eligible (n) Median PFS
(months)

PFS
95% CI

Median TTP
(months)

TTP
95% CI

Median OS
(months)

OS
95% CI

Salivary gland 21 21 5.3 2.6–7.9 5.3 2.6–7.9 20.7 10.0–37.5

Carcinoma unknown primary 23 22 3.7 2.5–5.5 4.6 2.6–5.5 8.7 3.5–12.5

Mucosal melanoma 1 1 2.7 (−) 2.7 (−) (−) (−)

Osteosarcoma 10 10 1.7 0.7–2.6 1.7 0.7–2.6 10.0 1.0–14.6

Undifferentiated pleomorphic sarcoma 22 21 1.9 0.9–2.7 1.9 1.4–2.7 5.0 2.6–7.3

Ovary (CCCO) 42 40 2.8 2.6–4.6 2.8 2.6–5.3 11.0 7.0–24.1

Anal (SCCA) 21 21 2.7 2.0–5.2 2.7 2.0–5.6 9.1 4.9–13.4

All 140 136 2.7 2.6–2.8 2.8 2.6–2.9 10.1 7.6–11.0

Abbreviations: CCCO, clear cell carcinoma of ovary; SCCA, squamous cell carcinoma of anal canal; PFS, progression free survival; TTP, time to progression; OS, overall survival;
CI, confidence interval; MO, months. aAll eligible and treated patients.

Table 3: Progression and Overall Survival, data cut off Oct 25, 2023.

N = 138 All causality Related to Durvalumab/
Tremelimumab

Adverse event All grades
>10% N (%)

Gr 3-5
N (%)

All grade
>10% N (%)

Gr 3-5
N (%)

Hypothyroidism 28 (20%) 1 (1%) 25 (18%) 1 (1%)

Abdominal pain 48 (35%) 2 (1%)

Constipation 57 (41%) 1 (1%)

Diarrhea 64 (46%) 8 (6%) 36 (26%) 7 (5%)

Dry mouth 19 (14%) 0 (0%)

Nausea 61 (44%) 2 (1%) 20 (14%) 1 (1%)

Vomiting 38 (28%) 6 (4%)

Edema limbs 28 (20%) 2 (1%)

Fatigue 109 (79%) 7 (5%) 40 (29%) 4 (3%)

Fever 25 (18%) 0 (0%)

Flu like symptoms 15 (11%) 0 (0%)

Pain (general) 29 (21%) 1 (1%)

Anorexia 59 (43%) 1 (1%) 16 (12%)

Arthralgia 25 (18%) 1 (1%)

Back pain 40 (29%) 4 (3%)

Pain in extremity 31 (22%) 2 (1%)

Dizziness 19 (14%) 0 (0%)

Headache 29 (21%) 0 (0%)

Peripheral sensory neuropathy 26 (19%) 1 (1%) 1 (1%)

Insomnia 27 (20%) 0 (0%)

Cough 53 (38%) 1 (1%)

Dyspnea 62 (45%) 10 (7%) 2 (1%)

Pruritus 43 (31%) 0 (0%) 34 (25%)

Rash maculo-papular 42 (30%) 5 (4%) 38 (28%) 5 (4%)

Other skin & subcutaneous tissue 21 (15%) 0 (0%)

Hot flashes 18 (13%) 0 (0%)

Thromboembolic event 15 (11%) 6 (4%)

Table 4: All and treatment related adverse events occurring in >10% of patients.

Articles
Discussion
Using a basket trial design, we showed the feasibility of
assessing combination checkpoint inhibition in multi-
ple cohorts of patients with rare cancers. Responses
rates of interest to combined immune blockade
occurred in patients with CUP which exhibit high TIL
counts and/or positive PD-L1 expression, in CCCO and
in salivary carcinomas. Treatment was well tolerated,
with few treatment-emergent events and only a minority
discontinuing therapy due to toxicity. However, this
study was limited by the single arm design and lack of
randomization, as well as overall small numbers of pa-
tients in each cohort.

CCCO is a rare and distinct subtype of ovarian can-
cer, seen in young women with poor prognosis inde-
pendent of stage, rendering women incurable. CCCO is
insensitive to traditional platinum-based chemotherapy
regimens, however a few select case reports noted re-
sponses to immune checkpoint inhibitors in CCCO21,22

stimulating the inclusion of this aggressive tumour
type in the current trial. The response rate to combi-
nation D + TM in CCCO was independent of PD-L1
expression in the tumour. Microsatellite instability was
not assessed in this study,23 however, consistent with
other studies, few patients with CCCO had high TMB
and there was no significant correlation with response.
In another phase II trial of pembrolizumab for recurrent
ovarian cancer (KEYNOTE-100), the response rate of
clear cell carcinoma (N = 19) was 15.8% compared to 8%
for the entire cohort (N = 300) [21]. A phase II trial of
durvalumab versus physician choice chemotherapy re-
ported at response rate of 10.7%.24 The response rates to
nivolumab alone or in combination with ipilimumab (a
similar regime) for people with ovarian and other extra-
renal clear cell carcinomas were 14 and 26.7%, respec-
tively.25 The majority had CCC of the ovary (n = 24/30
patients).

Salivary carcinomas represents 5% of all head and
neck cancers, with usual treatment paradigms involving
complete surgical resection with or without radiation
therapy.26 Like all other cancers included in this study,
www.thelancet.com Vol 79 January, 2025
patients with aggressive, advanced or recurrent disease
uniformly fare poorly with minimal incremental benefit
of standard systemic chemotherapy regimens.27 In a
large series of 167 patients, expression of PD-L1 (≥1%
of the cells with PD-L1 positivity) was present in the
salivary gland carcinomas from 17% of patients,
7
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Adverse event Related to Durvalumab/
Tremelimumab (N = 138)

Grade 3–5
N (%)

Disseminated intravascular coagulation 1 (1%)

Atrial fibrillation 1 (1%)

Other cardiac disorders (Non-Bacterial thrombothic endocarditis) 1 (1%)

Hypothyroidism 1 (1%)

Colitis 6 (4%)

Diarrhea 7 (5%)

Nausea 1 (1%)

Pancreatitis 1 (1%)

Small intestinal perforation 1 (1%)

Vomiting 1 (1%)

Edema trunk 1 (1%)

Fatigue 4 (3%)

Infusion related reaction 1 (1%)

Other immune system disordersa 6 (4%)

Abdominal infection 1 (1%)

Sepsis 1 (1%)

CPK increased 1 (1%)

Hyperkalemia 2 (1%)

Myositis 1 (1%)

Depressed level of consciousness 1 (1%)

Peripheral sensory neuropathy 1 (1%)

Seizure 2 (1%)

Other nervous system disordersb 1 (1%)

Other renal and urinary disordersc 1 (1%)

Dyspnea 2 (1%)

Pneumonitis 2 (1%)

Rash maculo-papular 5 (4%)

Hypertension 1 (1%)

aNephritis, nephrotic syndrome, hypophysitis, scleroderma, immune thrombocytopenia purpura, diabetes.
bIdiopathic pachymeningitis and cauda equina syndrome. cRenal failure and pyelonephritis.

Table 5: Grade 3-5 Adverse Events related to Durvalumab/Tremelimumab.

Evaluable Ptsa Gradeb

0 N (%) 1 N (%) 2 N (%) 3 N (%) 4 N (%)

Anemia (Hemoglobin) 133 25 (19%) 51 (38%) 38 (29%) 19 (14%) 0 (0%)

Lymphocyte count 133 35 (26%) 33 (25%) 35 (26%) 26 (20%) 4 (3%)

Neutrophil count 134 121 (90%) 7 (5%) 4 (3%) 2 (2%) 0 (0%)

Platelet count 133 113 (85%) 16 (12%) 1 (1%) 1 (1%) 2 (2%)

White blood cell 134 110 (82%) 18 (13%) 4 (3%) 2 (2%) 0 (0%)

Creatinine 133 98 (74%) 24 (18%) 9 (7%) 0 (0%) 2 (2%)

Hypoalbuminemia 134 33 (25%) 48 (36%) 43 (32%) 10 (8%) 0 (0%)

Alkaline phosphatase 132 60 (45%) 46 (35%) 17 (13%) 8 (6%) 1 (1%)

ALT 132 75 (57%) 44 (33%) 9 (7%) 3 (2%) 1 (1%)

AST 132 73 (55%) 43 (33%) 8 (6%) 8 (6%) 0 (0%)

Blood bilirubin 132 118 (89%) 6 (5%) 2 (2%) 4 (3%) 2 (2%)

Serum amylase 109 92 (84%) 10 (9%) 4 (4%) 2 (2%) 1 (1%)

Lipase 130 107 (82%) 5 (4%) 6 (5%) 10 (8%) 2 (2%)

Abbreviations: ALT, aspartate transaminase; AST, aspartate transaminase; CTCAE, common terminology criteria
for adverse events. aIncludes all patients with at least one blood count done after day 1. bAdverse events graded
according to CTCAE V4.0 using test values and normal limits.

Table 6: Laboratory adverse events (worst per patient).

Articles

8

correlating with tumor grade (p = 0.035) and significantly
worse DFS and OS (p = 0.02 and p = 0.003, respec-
tively).28 A response rate of 12% with single agent pem-
brolizumab was reported,29 8.3% (2/24, 80% CI,
2.2–21%), with 2 partial responses in patients with sali-
vary duct carcinoma (2/10, ORR: 20%) to single agent
nivolumab30 and 16% to combination of
nivolumab + ipilimumab in patients with non-adenoid
cystic histology,31 which is consistent with our findings.
Numbers of patients with specific histological subtypes of
salivary carcinomas were limited in this study and activity
within subtypes can be evaluated in future studies.

In contrast to its correlation with poor prognosis in
salivary carcinoma patients, PD-L1 expression has been
correlated with improved survival in patients with anal
carcinoma, independent of HPV status.32 A reported
response rate of 11% to single agent pembrolizumab33 is
similar to the response rate of 9.5% with combination
D + T in our study.

CUP is defined as a biopsy-proven metastatic carci-
noma without a primary source evident after compre-
hensive clinical, imaging and pathology investigation.
This entity represents approximately 2–5% of all adult
cancers, is commonly of nonspecific adenocarcinoma
histology, and is associated with a very short median
PFS of 6 months.34 CUP may express markers which
correlate with response to immune checkpoint in-
hibitors such as PD-L1 or immune cell infiltration.35

Because CUP arise from diverse sites of origin, TIL/
PDL1 positivity was used to select patients. At the time
of trial design, such markers were considered indicative
of potential sensitivity to immune checkpoint inhibitors
which have subsequently failed to preform well as pre-
dictive biomarkers for patients. Recent studies demon-
strated activity of single agent nivolumab in patients
with CUP (ORR 24%, 95% CI: 13–40%),36 and single
agent pembrolizumab of 20.0% (95% CI 6.8–41) com-
parable to our results37 Further evaluation of activity to
single agent versus combination immune checkpoint
inhibitors, in less heavily treated patients, with further
assessment of potential predictive biomarkers is war-
ranted for CUP.

We found no evidence of benefit from combined
checkpoint inhibitor therapies previously treated pa-
tients with osteosarcoma. However, there were three
responders among patients with UPS and responses
were durable (median 16.6 months, (range 5–27.3). UPS
incorporates a group of biologically heterogeneous soft
tissue sarcomas which limits evaluation of novel agents
and the identification of biomarkers of activity. None-
theless, our study adds to others38,39 showing that there
is a subset of UPS patients that respond to immune
checkpoint inhibitors, warranting further investigation
into potential underlying mechanisms determining
immune responsiveness.

The tumour types in the study were selected
following review of the literature for preclinical or early
www.thelancet.com Vol 79 January, 2025
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clinical evidence sensitivity. Reports of responses in
early phase studies permitting preclinical experiments
suggesting sensitivity and studies assessing pathological
samples for immune cell infiltrates and/or expression of
PDL1 were identified. Subsequently, the ability to re-
cruit patients with these cancers was assessed by survey
of cooperative group sites. The basket design of this study
enabled the enrolment of 140 patients with rare cancers
in 3 years across 13 Canadian sites. We were able to
confirm diagnosis of these rare cancers with expert sub-
specialist central pathology review and showed that all
cohorts except osteosarcoma had patients with responses
to dual checkpoint inhibition. The small numbers of
patients within each cohort and lack of randomization to
single agent versus combination precluded our ability to
determine the contribution of each agent to activity.
However, durvalumab + tremelimumab in CCCO and
salivary carcinomas was associated with promising ac-
tivity and acceptable toxicity and should continue to be
investigated in patients with these cancers.
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