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Background: Cancer of unknown primary (CUP) has a poor prognosis. Given the recent approval of immune checkpoint
inhibitors for several cancer types, we carried out a multicenter phase II study to assess the efficacy of nivolumab for
patients with CUP.
Patients and methods: Patients with CUP who were previously treated with at least one line of systemic chemotherapy
constituted the principal study population. Previously untreated patients with CUP were also enrolled for exploratory
analysis. Nivolumab (240 mg/body) was administered every 2 weeks for up to 52 cycles. The primary endpoint was
objective response rate in previously treated patients as determined by blinded independent central review
according to RECIST version 1.1.
Results: Fifty-six patients with CUP were enrolled in the trial. For the 45 previously treated patients, objective response
rate was 22.2% [95% confidence interval (CI), 11.2% to 37.1%], with a median progression-free survival and overall
survival of 4.0 months (95% CI, 1.9-5.8 months) and 15.9 months (95% CI, 8.4-21.5 months), respectively. Similar
clinical benefits were also observed in the 11 previously untreated patients. Better clinical efficacy of nivolumab
was apparent for tumors with a higher programmed death-ligand 1 expression level, for those with a higher tumor
mutation burden, and for microsatellite instability-high tumors. In contrast, no differences in efficacy were apparent
between tumor subgroups based on estimated tissue of origin. Adverse events were consistent with the known
safety profile of nivolumab. No treatment-related death was observed.
Conclusions: Our results demonstrate a clinical benefit of nivolumab for patients with CUP, suggesting that nivolumab is
a potential additional therapeutic option for CUP.
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INTRODUCTION

Cancer of unknown primary (CUP) is defined as histologi-
cally confirmed metastatic cancer for which identification of
the primary site is not possible after an appropriate diag-
nostic approach.1 CUP accounts for 2%-5% of all diagnosed
cancers, with an incidence of 5.3 to 19 cases per 100 000
people worldwide.2 The prognosis of such patients is poor,
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with a median survival time of 6-12 months. Most (w80%)
patients with CUP are categorized into an unfavorable
subset and receive empirical chemotherapy, including
platinum-taxane regimens.2-8 Given that CUP is a hetero-
geneous clinical entity, its treatment remains problematic
and not well developed.

Cancer immunotherapy including the administration of
immune checkpoint inhibitors (ICIs) has markedly changed
the treatment paradigm for many types of cancer, including
malignant melanoma, non-small-cell lung cancer, gastro-
esophageal cancer, genitourinary cancer, and head and neck
cancer.9 Our recent immune profiling of CUP with the use of
immunohistochemistry (IHC) and analysis of gene expres-
sion suggested that individuals with CUP might receive
clinical benefit from ICI treatment because their immune
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profiles are similar to those of patients with ICI-responsive
malignancies.10 Limited data, however, have been available
regarding the clinical efficacy of ICIs for patients with
CUP.10-12 We here present the results of an investigator-
initiated phase II trial of nivolumab, an antibody to pro-
grammed cell death protein 1 (PD-1), in patients with CUP.

PATIENTS AND METHODS

Study design and patients

The trial was designed as a nonrandomized, open-label,
multicenter, investigator-initiated phase II study of nivolu-
mab in patients with CUP (UMIN database registration
number UMIN000030649). Eligibility criteria included a
diagnosis of CUP with mandatory pathological evaluation
including IHC as well as chest-abdomen-pelvis computed
tomography, positron emission tomography, gastroscopy,
colonoscopy, and medical examination before study
enrollment. Medical examination included gynecology
consultation for women; breast examination in women with
adenocarcinoma; urological examination in patients with a
main lesion in the peritoneum, retroperitoneum, or inguinal
region; and otolaryngological examination in those with
squamous cell carcinoma. Pathological analysis was carried
out to exclude malignant melanoma, malignant lymphoma,
sarcoma, and neuroendocrine tumor. Additional key inclu-
sion criteria were measurable disease according to RECIST
version 1.1;13 an Eastern Cooperative Oncology Group
performance status of 0 or 1; a tissue sample obtained no
more than 1 year before enrollment; at least one prior line
of systemic therapy including platinum-containing regimens
for previously treated patients; and adequate organ func-
tion as defined by a hemoglobin level of �8.0 g/dl, an
absolute neutrophil count of �1000/mm3, a platelet count
of �100 000/mm3, serum transaminase levels of �3.0
times the upper limit of normal, a serum total bilirubin
concentration of �1.5 mg/dl, and a serum creatinine level
of �1.5 times the upper limit of normal. Key exclusion
criteria included concurrent autoimmune disease or a his-
tory of chronic or recurrent autoimmune disease; a history
of ICI [anti-PD-1, anti-programmed death-ligand 1 (anti-PD-
L1), or anti-cytotoxic T-lymphocyte antigen 4] therapy or
treatment with any T cell-stimulatory antibody; and CUP of
the favorable subset, including extragonadal germ cell
syndrome, neuroendocrine carcinoma, adenocarcinoma
restricted to axillary lymph nodes (women), peritoneal
carcinomatosis (women), or squamous carcinoma limited to
cervical, supraclavicular, or inguinal lymph nodes. Patients
for whom curative surgery or radiation therapy was suitable
were also excluded.

The protocol was approved by the institutional review
board at each site (Supplementary material, available at
https://doi.org/10.1016/j.annonc.2021.11.009), and the
study was conducted in accordance with the provisions of
the Declaration of Helsinki and the International Conference
on Harmonisation Good Clinical Practice guidelines. All pa-
tients provided written informed consent before study
entry.
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Procedures

All enrolled patients received intravenous nivolumab 240
mg every 2 weeks for up to 52 cycles (w2 years) or until
disease progression, unacceptable toxicity, or study with-
drawal. Patients who discontinued treatment for reasons
other than progression were followed until progression,
initiation of a new anticancer therapy, withdrawal of con-
sent, or loss to follow-up. Patients could continue to receive
treatment beyond disease progression if they met pre-
specified criteria, as described in Supplementary material,
available at https://doi.org/10.1016/j.annonc.2021.11.009.

Radiologic imaging was carried out every 6 weeks.
Confirmatory imaging was conducted at least 4 weeks after
the initial documentation of a response. Tumor response
was assessed according to RECIST version 1.1. Adverse
events (AEs) were monitored throughout the study and for
28 days after discontinuation of study treatment, and they
were graded by investigators according to the National
Cancer Institute Common Terminology Criteria for Adverse
Events (CTCAE) version 4.

Prediction of primary site and assessment of tumor
characteristics

Primary site prediction was carried out as previously
described.14 Microsatellite instability (MSI) testing with an
assessment method based on the quasi-monomorphic varia-
tion range was carried out as previously described.15,16 MSI
statuswas classified asMSI-highon thebasis of the presenceof
two or more unstable markers, as MSI-low for only one un-
stable marker, and as microsatellite stable with no unstable
markers.17 The tumor mutation burden (TMB) scores
computed by the workflow of the Ion Reporter 5.10 using the
Oncomine Tumor Mutation Load w2.0 workflow (Thermo
Fisher Scientific, Waltham, MA). Methods for IHC and
sequencing analysis are described in Supplementary methods,
available at https://doi.org/10.1016/j.annonc.2021.11.009.

Outcomes

The primary endpoint was objective response rate (ORR) in
previously treated patients as determined by blinded in-
dependent central review (BICR) according to RECIST
version 1.1. ORR was defined as the proportion of patients
with a confirmed complete response (CR) or partial
response (PR), with confirmation by repeat consecutive
assessment �4 weeks from the date the response was first
documented. Key secondary endpoints included ORR ac-
cording to RECIST version 1.1 as determined by investigator
assessment, disease control rate (proportion of patients
with a CR, a PR, or stable disease), duration of response
(DoR, time from response to progression), progression-free
survival (PFS, time from the date of the first dose of study
medication to disease progression or death from any
cause), overall survival (OS, time from the date of the first
dose of study medication to death), and PFS and OS rates at
6, 12, 18, and 24 months, all in previously treated patients
and in the overall population, as well as safety and tolera-
bility among all treated patients. These endpoints were also
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Table 1. Baseline demographics and disease characteristics

Previously
treated n (%)

Previously
untreated
n (%)
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evaluated for previously untreated patients. Additional
exploratory endpoints included outcome according to the
level of PD-L1 expression (cut-offs of 1%, 10%, and 50%) or
tumor-infiltrating lymphocyte (TIL) density in tumor
samples.
Median age (range), years 66.0 (39-80) 64.0 (52-80)]
Sex
Male 17 (37.8) 5 (45.5)
Female 28 (62.2) 6 (54.5)

ECOG performance status
0 10 (22.2) 6 (54.5)
1 35 (77.8) 5 (45.5)

Histology
Well or moderately differentiated
adenocarcinoma

6 (13.3) 2 (18.2)

Poorly differentiated adenocarcinoma 11 (24.4) 2 (18.2)
Adenocarcinoma (differentiation
unknown)

12 (26.7) 3 (27.3)

Squamous cell carcinoma 6 (13.3) 1 (9.1)
Undifferentiated carcinoma 5 (11.1) 0 (0.0)
Other 5 (11.1) 3 (27.3)

Number of metastatic sites
1 20 (44.4) 6 (54.5)
2 8 (17.8) 4 (36.4)
�3 17 (37.8) 1 (9.1)

Metastatic sites
Liver 12 (26.7) 0 (0.0)
Lung 14 (31.1) 4 (36.4)
Bone 9 (20.0) 0 (0.0)
Pleura 5 (11.1) 1 (9.1)
Peritoneum 10 (22.2) 1 (9.1)
Skin 1 (2.2) 1 (9.1)
Brain 3 (6.7) 0 (0.0)
Adrenal gland 4 (8.9) 0 (0.0)
Lymph node 33 (73.3) 9 (81.8)
Other 11 (24.4) 2 (18.2)

Lymph nodes only
Yes 14 (31.1) 5 (45.5)
No 31 (68.9) 6 (54.5)

Location of positive lymph nodes
Neck 4 (8.9) 5 (45.5)
Supraclavicular 9 (20.0) 6 (54.5)
Axillary 5 (11.1) 1 (9.1)
Mediastinal 12 (26.7) 6 (54.5)
Intraperitoneal (abdominal) 23 (51.1) 6 (54.5)
Inguinal 7 (15.6) 2 (18.2)
Retroperitoneal 4 (8.9) 0 (0.0)
Other 3 (6.7) 0 (0.0)

Prior lines of chemotherapy
1 26 (57.8)
2 9 (20.0)
�3 10 (22.2)

Prior radiotherapy
Yes 10 (22.2) 0 (0.0)
No 35 (77.8) 11 (100.0)

ECOG, Eastern Cooperative Oncology Group.
Statistical analysis

The required sample size was calculated to be 38 subjects,
under the assumptions that the expected ORR was 20% and
the threshold ORR was 5%, with a significance level of 2.5%
(one-sided) and power of 80%, according to the exact
method based on the binomial distribution. The target
sample size was thus set to 45 subjects who had been
treated previously. For exploratory analysis, an additional 11
patients who had not been treated previously were enrolled
in the study. The analysis set for efficacy and safety included
all enrolled patients who received at least one dose of
nivolumab. KaplaneMeier survival curves were constructed
for PFS and OS. Hazard ratios and associated 95% confi-
dence intervals (CIs) were calculated by Cox proportional
hazards models. Tumor responses were compared according
to PD-L1 tumor proportion score (TPS) or combined positive
score (CPS) at cut-offs of 1%, 10%, and 50%, as well as
according to median TIL density, with the use of Fisher’s
exact test. Statistical analysis was carried out with the use
of SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

Patients

Between 19 February 2018 and 9 August 2019, a total of 56
patients with CUP, including 45 previously treated and 11
previously untreated individuals, were enrolled at 10 sites in
Japan. All enrolled patients were included in efficacy and
safety analysis. Patient and disease characteristics are
summarized in Table 1 and Supplementary Tables S1-S3,
available at https://doi.org/10.1016/j.annonc.2021.11.009.
Most previously treated patients had received carboplatin
plus paclitaxel, with nivolumab constituting second-line
treatment for 57.8% of all previously treated individuals.
At the data cut-off for this analysis (9 February 2020), the
median follow-up duration was 8.4 months (range, 1.1-
21.6 months) for previously treated patients and 17.2
months (range, 0.1-21.3 months) for previously untreated
patients. Treatment was ongoing in seven previously
treated patients (15.6%). A total of 38 previously treated
patients and all 11 untreated patients had discontinued
nivolumab, largely as a result of disease progression
(Supplementary Figure S1, available at https://doi.org/10.
1016/j.annonc.2021.11.009).
Efficacy

Among the 45 previously treated patients, 2 (4.4%) in-
dividuals had a confirmed CR and 8 (17.8%) had a confirmed
PR, yielding an ORR of 22.2% (95% CI, 11.2% to 37.1%),
according to RECIST version 1.1 by BICR, which met the
primary endpoint (Figure 1A and Table 2). The median DoR
218 https://doi.org/10.1016/j.annonc.2021.11.009
was 12.4 months (range, 2.8 to >8.4 months). Among the
11 previously untreated patients, the ORR was 18.2% (95%
CI, 2.3% to 51.8%), with 1 confirmed CR (9.1%) and 1
confirmed PR (9.1%) by BICR (Supplementary Figure S2,
available at https://doi.org/10.1016/j.annonc.2021.11.009
and Table 2). The median DoR was 3.7 months (range,
2.3-5.1 months). For the total patient population, the ORR
was thus 21.4% (12 of 56 patients, with a 95% CI of 11.6%
to 34.4%). A long-lasting reduction in tumor size was
apparent in a proportion of responders (Figure 1B and
Supplementary Figure S3, available at https://doi.org/10.
Volume 33 - Issue 2 - 2022
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Figure 1. Clinical efficacy of nivolumab treatment in previously treated patients with CUP as assessed by blinded independent central review (RECIST version 1.1).
(A) The best percentage change in target lesion size relative to baseline. The values represent the largest percentage change in the sum of the longest diameters for each
patient with a measurable tumor. Patients are color-coded according to response. (B) Longitudinal changes in target lesion size from baseline. (C), (D) KaplaneMeier
curves for PFS and OS, respectively. Six-month survival rates are also indicated.
CI, confidence interval; CR, complete response; CUP, cancer of unknown primary; NE, not evaluable; OS, overall survival; PD, progressive disease; PFS, progression-free
survival; PR, partial response; SD, stable disease.
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1016/j.annonc.2021.11.009). Investigator assessment and
central assessment of response were highly concordant
(Table 2 and Supplementary Figure S4, available at https://
doi.org/10.1016/j.annonc.2021.11.009).

Among the 45 previously treated patients, there were 37
(82.2%) PFS events and 22 (48.9%) overall OS events (ac-
cording to RECIST version 1.1 by BICR) at the data cut-off of
9 February 2020. The median PFS was 4.0 months (95% CI,
1.9-5.8 months), with an estimated 6-month PFS rate of
32% (Figure 1C). The median OS was 15.9 months (95% CI,
8.4-21.5 months), with an estimated 6-month OS rate of
Table 2. Best overall response according to RECIST version 1.1

All (n [ 56) Pr

BICR Investigator
assessment

BI

Objective response rate, n (%) 12 (21.4) 12 (21.4) 10
(95% CI for %) (11.6e34.4) (11.6e34.4)
Best overall response, n (%)
Complete response 3 (5.4) 2 (3.6) 2
Partial response 9 (16.1) 10 (17.9) 8
Stable disease 18 (32.1) 20 (35.7) 14
Progressive disease 22 (39.3) 20 (35.7) 18
Nonevaluable 4 (7.1) 4 (7.1) 3

Disease control rate, n (%) 30 (53.6) 32 (57.1) 24
(95% CI for %) (39.7e67.0) (43.2e70.3)

BICR, blinded independent central review; CI, confidence interval.
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73% (Figure 1D). Among the 11 previously untreated pa-
tients, there were 11 (100%) PFS events and 4 (36.4%) OS
events at the data cut-off. The median PFS was 2.8 months
(95% CI, 1.1-6.5 months), with an estimated 6-month PFS
rate of 27% (Supplementary Figure S5, available at https://
doi.org/10.1016/j.annonc.2021.11.009). The median OS was
not reached (95% CI, 2.6 months to not reached), with an
estimated 6-month OS rate of 73% (Supplementary
Figure S5, available at https://doi.org/10.1016/j.annonc.
2021.11.009). PFS analysis based on investigator assess-
ment is shown in Supplementary Figure S6, available at
eviously treated (n [ 45) Previously untreated (n [ 11)

CR Investigator
assessment

BICR Investigator
assessment

(22.2) 11 (24.4) 2 (18.2) 1 (9.1)
(11.2e37.1) (12.9e39.5) (2.3e51.8) (0.2e41.3)

(4.4) 2 (4.4) 1 (9.1) 0 (0.0)
(17.8) 9 (20.0) 1 (9.1) 1 (9.1)
(31.1) 14 (31.1) 4 (36.4) 6 (54.5)
(40.0) 17 (37.8) 4 (36.4) 3 (27.3)
(6.7) 3 (6.7) 1 (9.1) 1 (9.1)
(53.3) 25 (55.6) 6 (54.5) 7 (63.6)
(37.9e68.3) (40.0e70.4) (23.4e83.3) (30.8e89.1)
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https://doi.org/10.1016/j.annonc.2021.11.009. Analysis of
the clinical efficacy of nivolumab for the total patient
population is provided in Supplementary Figure S7, avail-
able at https://doi.org/10.1016/j.annonc.2021.11.009.
Treatment outcome according to tumor characteristics

We next evaluated the clinical efficacy of nivolumab ac-
cording to tumor characteristics, including histology, gene
alterations and predicted tissue of origin based on next-
generation sequencing (NGS) results,14 metastatic pattern
(lymph node only or other), as well as known biomarkers for
ICIs such as PD-L1 expression, MSI, and TMB (Figure 2 and
Supplementary Figure S8, available at https://doi.org/10.
1016/j.annonc.2021.11.009).

The ORR, PFS, and OS according to histological subgroup
are shown in Supplementary Table S4 and Supplementary
Figure S9, available at https://doi.org/10.1016/j.annonc.2
021.11.009, with nivolumab efficacy being apparent across
histological types. Patients with nodal metastasis only have
previously been found to show a more favorable prognosis
than those with extranodal metastasis.10,18 Among our
study population, 19 individuals (33.9%) showed a meta-
static pattern in which lesions were limited to multiple
lymph nodes. A higher ORR and longer median PFS and OS
were evident in patients with this metastatic pattern than
in those without it (Supplementary Figure S10 and
Supplementary Figure S5, available at https://doi.org/10.
1016/j.annonc.2021.11.009).

Molecular tumor profiling is a developing diagnostic
technique that allows prediction of a tumor site of origin for
CUP. Several methods, including those based on microarray
analysis or reverse transcription and real-time polymerase
chain reaction analysis, have shown potential for such
identification of original sites.19 We carried out a tissue of
origin analysis based on gene expression and gene alter-
ation data obtained by NGS, which predicted a tissue of
origin for 53 patients, with 12 different sites predicted
(Supplementary Table S6, available at https://doi.org/10.
1016/j.annonc.2021.11.009). On the basis of the predicted
tumor types, these patients were categorized into sub-
groups with tumors that are relatively sensitive or respon-
sive to site-directed treatment (colorectal, breast, ovarian,
kidney, prostate, bladder, non-small-cell lung, and germ cell
cancers as well as lymphoma) or with less responsive tumor
types (biliary tract, pancreatic, gastroesophageal, liver, cer-
vical, endometrial, and head and neck cancer), with such
categorization of CUP having previously been found to
predict patient survival.14,20 No clear difference in survival
or response was detected between these subgroups
(Figure 3A and B and Supplementary Table S7, available at
Figure 2. Individual treatment outcome and response for all 56 patients according
From top to bottom are presented: histology; estimated primary site; metastatic patte
well as CD4þ, CD8þ, or FOXP3þ TIL density; MSI status; TMB (mutations/Mb); best ob
OS color-coded by OS outcome; and distribution of selected gene alterations. Black
BOR, best objective response; CPS, combined positive score; CR, complete response
gressive disease; PD-L1, programmed death-ligand 1; PFS, progression-free survival;
tumor mutation burden; TPS, tumor proportion score.
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https://doi.org/10.1016/j.annonc.2021.11.009), suggesting
that nivolumab is of benefit even in individuals diagnosed
with a type of CUP for which site-directed therapy is ex-
pected to have a limited efficacy.

We next categorized patients according to whether ICI
monotherapy had been approved for their predicted tissue
of origin by the Japanese Ministry of Health, Labor, and
Welfare, the European Medicines Agency, or the United
States Food and Drug Administration (FDA) as of 31 March
2020.21-23 The ICI-approved group included patients whose
estimated primary sites were non-small-cell lung, liver,
kidney, gastroesophageal, ovarian, head and neck, or
bladder cancer or lymphoma. Survival outcome for nivolu-
mab treatment did not differ according to such ICI approval
status (Supplementary Figure S11, available at https://doi.
org/10.1016/j.annonc.2021.11.009). ORR according to
these subgroups is shown in Supplementary Table S7,
available at https://doi.org/10.1016/j.annonc.2021.11.009.

Tumor samples from 55 of the total of 56 patients were
available for evaluation of the relation between nivolumab
efficacy and PD-L1 expression as determined by IHC. The
proportion of patients with a PD-L1 TPS or CPS of �1% was
30.9% and 78.2%, respectively. The ORR as determined by
BICR for these patients was 41.2% and 27.9%, respectively,
whereas that for patients with a PD-L1 expression level
lower than this cut-off was 13.2% and 0%, respectively
(Supplementary Tables S8 and S9, available at https://doi.
org/10.1016/j.annonc.2021.11.009). ORR as well as PFS
and OS according to all the prespecified PD-L1 TPS and CPS
cut-offs are provided in Figure 3C and D, Supplementary
Tables S8 and S9, and Supplementary Figures S12
and S13, available at https://doi.org/10.1016/j.annonc.
2021.11.009. Supplementary Tables S10 and
Supplementary Figure S14, available at https://doi.org/10.
1016/j.annonc.2021.11.009, show ORR, PFS, and OS ac-
cording to CD4þ, CD8þ, or FOXP3þ TIL density. Higher
CD4þ and CD8þ TIL levels tended to be associated with a
better response and survival.

TMB was evaluated in 50 patients, with the median value
being 7.75 mutations/megabase (mut/Mb). Patients with a
high TMB (�7.75 mut/Mb) were found to have a better
ORR as well as longer PFS and OS compared with those with
a low TMB (Figure 3E and F and Supplementary Table S11,
available at https://doi.org/10.1016/j.annonc.2021.11.009).
Among 42 patients whose tumors were available for
assessment of MSI, 2 (4.8%) had MSI-high tumors. The
estimated primary sites of these patients were pancreatic
adenocarcinoma and renal cell carcinoma, and they had
TMB values of 23.4 and 25.1 mut/Mb, respectively. These
two patients experienced a PR, with a DoR of 461 and 117
days, respectively, and both remained on the study
to tumor characteristics.
rn of multiple lymph nodes (LN meta) only; expression of PD-L1 (TPS and CPS) as
jective response by blinded independent central review (RECIST version 1.1); PFS;
arrows for PFS indicate ongoing response.
; MSI, microsatellite instability; NE, not evaluable; OS, overall survival; PD, pro-
PR, partial response; SD, stable disease; TIL, tumor-infiltrating lymphocyte; TMB,
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treatment at the time of data cut-off. Among 43 previously
treated patients with microsatellite stable (MSS) tumors,
ORR was 18.6% (95% CI, 8.4% to 33.4%) (Supplementary
Table S12, available at https://doi.org/10.1016/j.annonc.
2021.11.009). Survival benefit of nivolumab was also seen
in such MSS tumors (Supplementary Figure S15, available at
https://doi.org/10.1016/j.annonc.2021.11.009).

The mutation frequencies of the top three genetic
abnormalities detected were alterations of TP53, EGFR,
and KRAS, respectively (Supplementary Figure S8, avail-
able at https://doi.org/10.1016/j.annonc.2021.11.009),
consistent with previous findings.14,24 The presence of
these genetic alterations was not associated with clinical
benefit of nivolumab in our study cohort (data not
shown).
Safety

Among all patients, including both previously treated and
untreated, 53 (94.6%) individuals experienced AEs of any
grade, with 34 (60.7%) experiencing AEs of grade 3 or 4.
Serious AEs were observed in 27 (48.2%) patients, and 4
patients (7.1%) discontinued nivolumab because of AEs. No
treatment-related death occurred (Table 3). The most
common AEs of any grade were constipation (n ¼ 13,
23.2%), anemia (n ¼ 10, 17.9%), diarrhea (n ¼ 10, 17.9%),
hypothyroidism (n ¼ 9, 16.1%), and rash (n ¼ 9, 16.1%).
Immune-related AEs or infusion reactions occurred in 32
(57.1%) of the 56 patients, with most such events being of
grade 1 or 2. Immune-related AEs of grade 3 or 4 occurred
in four patients (7.1%), including two patients with acute
kidney injury and one patient each with hepatitis and rash
(Table 3).

DISCUSSION

As far as we are aware, our investigator-initiated phase II
study is the first to show that nivolumab has clinical activity
with manageable toxicity in a statistically assessable num-
ber of patients with CUP. Treatment with nivolumab thus
showed an ORR of 22.2% in previously treated patients as
determined by BICR, which met the primary endpoint. Our
observations are in line with responses to ICIs in patients
with various tumor types.9 Among the total of 12 patients
who achieved a PR or CR, 5 individuals experienced a DoR
of >6 months. Compared with the limited survival benefit
of conventional systemic chemotherapy,7,8,10 the median OS
of 15.9 months in previously treated patients of the present
study suggests that nivolumab has the potential to change
the therapeutic framework for the treatment of CUP, for
which no evidence-based standard of care currently exists.
Furthermore, the ORR was 21.4% and the median OS was
16.2 months for all patients, including both previously
treated and chemotherapy-naive individuals, suggestive of a
potential clinical benefit of nivolumab for the entire CUP
patient population.

Only a few studies have investigated the immune profile
of CUP, although an understanding of immune characteris-
tics is important for various cancer types because of their
222 https://doi.org/10.1016/j.annonc.2021.11.009
possible association with the clinical response to immuno-
therapy.25,26 We recently showed that CUP has immune
characteristics that are similar to those of ICI-responsive
solid cancers and which therefore render it suitable for ICI
treatment.10 About one-third of patients with CUP were
thus found to harbor tumors with a PD-L1 TPS of �1%, and
antitumor immunity-related gene expression in CUP was
similar to that in ICI-responsive malignancies. In the present
study, 30.9% of patients with CUP had a PD-L1 TPS of �1%,
consistent with our previous finding.10 We here found for
the first time that the ORR as well as the PFS and OS for
nivolumab in patients with CUP were associated with the
PD-L1 expression level in tumor cells.

Recent studies have identified several additional predic-
tive markers for ICI treatment, including a high TMB and
MSI or mismatch repair deficiency.27,28 Studies of these
markers in CUP are limited, however.26 In our study, two
patients whose tumors were found to be MSI-high experi-
enced a durable response. Furthermore, tumors with a TMB
higher than the median value of 7.75 mut/Mb, including the
two MSI-high cases, were associated with a higher nivolu-
mab efficacy. Our data thus suggest that both MSI and TMB
are appropriate predictive biomarkers for ICIs which could
be also used in CUP. In this study, we used an NGS panel
which was different from the FoundationOne CDx assay.
Even though pembrolizumab, another antibody to PD-1, has
received FDA approval for TMB-high solid tumors as defined
by a TMB of �10 mut/Mb measured by the FoundationOne
CDx assay, a recent study showed the possibility that a
single TMB threshold cannot identify patients in a pan-
cancer fashion who may benefit from ICIs.29 Further eval-
uation of TMB cut-offs will be needed.

Some patients experience benefit from nivolumab even if
their tumors are neither MSI-high nor TMB-high. An
immune-inflamed profile, characterized by the presence of
both CD8þ and CD4þ T cells within the tumor, is consid-
ered to be another predictive biomarker candidate for ICIs,
given that such tumors have a preexisting antitumor im-
mune response.30-32 Indeed, in the present study, a better
clinical efficacy of nivolumab was observed for patients with
CUP whose tumors had a higher density of CD4þ or CD8þ
TILs. Furthermore, an increased benefit of nivolumab was
apparent in patients presenting with lymph node-only
metastasis. Various organ-specific responses to ICIs have
been described, with lymph nodes predominating as sites of
responsive lesions.33,34 Their role as essential source organs
of immune cells may contribute to the observed greater
response of lymph nodes, although the precise underlying
mechanisms remain unclear. Our results thus indicate the
impact of the tumor microenvironment, including various
aspects of tumor-host interactions, on the outcome of
immunotherapy for CUP.

One view of CUP is that it merely represents disseminated
disease derived from a primary tumor that cannot be iden-
tified because its size or anatomic location renders it difficult
to detect by imaging techniques.35 Molecular profiling for
primary site prediction has therefore been developed for
CUP.20,36,37 Algorithms that we established in a previous
Volume 33 - Issue 2 - 2022
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Figure 3. Clinical efficacy of nivolumab treatment according to more or less responsive tumor types, PD-L1 expression, or TMB for all study patients.
KaplaneMeier curves for (A) PFS and (B) OS as determined by blinded independent central review for patients with more responsive versus less responsive tumor types.
KaplaneMeier curves for (C) PFS and (D) OS as determined by blinded independent central review for patients with CUP classified according to a cut-off for PD-L1 TPS of
1%. KaplaneMeier curves for (E) PFS and (F) OS as determined by blinded independent central review for patients with CUP classified according to TMB. Six-month
survival rates are also indicated.
CI, confidence interval; CUP, cancer of unknown primary; HR, hazard ratio; NR, not reached; OS, overall survival; PD-L1, programmed death-ligand 1; PFS, progression-
free survival; TMB, tumor mutation burden; TPS, tumor proportion score.
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study14 were applied for prediction of the primary tissue of
origin in the present study. Importantly, this is the first study
to show that the efficacy of nivolumab was not associated
with whether the predicted primary origin was categorized as
responsive to site-directed systemic chemotherapy.

For several cancer types, ICIs have recently been added
as standard treatments.9 Some of these cancer types were
among the predicted primary sites for the present study
cohort. Although it is difficult to draw any conclusion due to
a limited sample size, such ICI-approved primary sites did
not predict the response of CUP to nivolumab in our study
Volume 33 - Issue 2 - 2022
cohort. Given the unique features of CUP and the difficulty
in establishing an optimal treatment strategy for each pa-
tient, further investigation of prediction of tissue of origin
and characterization of the tumor microenvironment are
warranted.

Limitations of the present study include the lack of a
comparator and the limited sample size. Despite its het-
erogeneity, CUP has traditionally been treated as a single
entity, making it difficult to conduct phase III trials in order
to establish new therapeutic options. Although historical
empiric chemotherapy for patients with CUP results in an
https://doi.org/10.1016/j.annonc.2021.11.009 223
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Table 3. Incidence of adverse events (AEs) for all patients (n [ 56)

Overall, n (%)

All AEs 53 (94.6)
Grade 3 or 4 AEs 34 (60.7)
Serious AEs 27 (48.2)
AEs leading to treatment discontinuation 5 (8.9)
Treatment-related AEs leading to death 0 (0.0)
AEs with a frequency of >10% Any grade Grade 3 or 4
Constipation 13 (23.2) 0 (0.0)
Anemia 10 (17.9) 8 (14.3)
Diarrhea 10 (17.9) 0 (0.0)
Hypothyroidism 9 (16.1) 0 (0.0)
Rash 9 (16.1) 0 (0.0)
Decreased appetite 6 (10.7) 1 (1.8)
Dry skin 6 (10.7) 0 (0.0)
Pruritus 6 (10.7) 0 (0.0)

Immune-related AEs
Diarrhea/colitis 10 (17.9) 0 (0.0)
Diarrhea 10 (17.9) 0 (0.0)
Colitis 1 (1.8) 0 (0.0)

Hepatitis 6 (10.7) 1 (1.8)
AST increased 4 (7.1) 0 (0.0)
ALT increased 3 (5.4) 0 (0.0)
Hepatic failure 2 (3.6) 1 (1.8)

Hypersensitivity 1 (1.8) 0 (0.0)
Infusion-related reaction 1 (1.8) 0 (0.0)

Hyperthyroidism 3 (5.4) 0 (0.0)
Hypothyroidism 9 (16.1) 0 (0.0)
Nephritis/renal impairment 6 (10.7) 2 (3.6)
Hypercreatininemia 4 (7.1) 0 (0.0)
Acute kidney injury 2 (3.6) 2 (3.6)
Tubulointerstitial nephritis 1 (1.8) 0 (0.0)

Pneumonitis 3 (5.4) 0 (0.0)
Rash 15 (26.8) 1 (1.8)
Rash 9 (16.1) 0 (0.0)
Rash maculopapular 4 (7.1) 0 (0.0)
Rash papular 2 (3.6) 0 (0.0)
Drug eruption 1 (1.8) 1 (1.8)

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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ORR of 10% to 40%, the survival benefit of such treatment is
limited, with a PFS of 3-6 months and an OS of 8-13
months.3,4,20,36,38-41 By comparison, the survival benefit
observed in the present study suggests the potential of
nivolumab to confer a better outcome in such patients. A
recent multicohort phase II study of pembrolizumab in
advanced rare cancers included 22 patients with CUP.
Among the 13 of these patients assessable for objective
response, the ORR according to immune-related RECIST was
23% (3/13 patients, with a 95% CI of 5% to 54%).12 These
results provide additional support for the use of ICIs in CUP
treatment. Another limitation of our study is the difficulty
associated with standardization of CUP diagnosis. A lack of
standardized applied definitions, classifications, and diag-
nostic workup for CUP tumors limits generalization of the
conclusions from a single study to the real world.

In conclusion, our results demonstrate a definite clinical
benefit of nivolumab in patients with CUP. Benefits were
more apparent in patients with known biomarkers for ICIs,
such as PD-L1 expression, TMB, and MSI status, while some
patients responded well regardless of such biomarker sta-
tus, implying the need for further biomarker evaluation in
this unique disease population. They support the potential
224 https://doi.org/10.1016/j.annonc.2021.11.009
of nivolumab to become an additional therapeutic option
for CUP, a disease with limited treatment options.
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