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Background: Olfactory neuroblastoma (ONB) is a rare malignant tumor of the
head and neck. Due to its rarity, standard systemic therapy for this condition has
yet to be established. In particular, the use of immune checkpoint inhibitors (ICls)
for the recurrent or metastatic (R/M) ONB population remains unclear.

Methods: We retrospectively evaluated 11 patients with R/M ONB who received
any systemic chemotherapy at two Japanese institutions (National Cancer
Center Hospital East and Kyushu Medical Center) between January 2002 and
March 2022 and analyzed outcomes by use of anti-PD-1 antibody (nivolumab or
pembrolizumab) monotherapy.

Results: Of the 11 patients, 6 received ICI (ICl-containing treatment group) and
the remaining 5 were treated with systemic therapy but not including ICI (ICl-
non-containing treatment group). Overall survival (OS) was significantly longer in
the ICI-containing group (median OS: not reached vs. 6.4 months, log-rank p-
value: 0.035). The fraction of ICI systemic therapy in the entire treatment period
of this group reached 85.9%. Four patients (66.7%) in the ICl-containing
treatment group experienced immune-related adverse events (irAE), with
grades of 1/2. No irAE of grade 3 or more was seen, and no patient required
interruption or discontinuation of treatment due to toxicity.

Conclusion: ICI monotherapy appears to be effective and to contribute to
prolonged survival in R/M ONB.
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Introduction

Olfactory neuroblastoma (ONB) is a rare tumor of the head and
neck with an incidence of 0.4 per million, accounting for
approximately 3% of all sinonasal tumors (1). It is a malignant
neuroectodermal neoplasm with neuroblastic differentiation, often
localized in the superior nasal cavity (2). For resectable disease,
standard treatment is surgical resection followed by radiotherapy
(3, 4). For locally advanced disease, induction chemotherapy
followed by chemoradiotherapy improves local control and
overall survival (OS) in some patients (5). In contrast, recurrent
or metastatic ONB (R/M ONB) is an incurable condition, and
the mainstay of treatment is palliative systemic therapy. Given
the similarity of R/M ONB with small cell carcinoma or
neuroendocrine carcinoma, treatment is often based around
standard treatment for these latter conditions, namely cisplatin in
combination with etoposide and other conventional cytotoxic
drugs, including irinotecan, docetaxel, and vincristine (6, 7).
Nevertheless, compared with the amount of evidence supporting
the use of induction chemotherapy, little evidence is available for
the use of anticancer drugs for R/M ONB.

Recently, immune checkpoint inhibitors (ICIs) have become
available for several types of cancer, including recurrent or
metastatic squamous cell carcinoma of the head and neck (R/M
SCCHN) (8-10). In this patient population, the anti-programmed
death 1 (PD-1) monoclonal antibodies nivolumab and
pembrolizumab have been shown to provide a greater increase in
OS than the conventional standard treatment. The US Food and
Drug Administration consequently approved nivolumab for
platinum-resistant R/M SCCHN and pembrolizumab for both
platinum-resistant and -sensitive R/M SCCHN (11). In addition,
our previous paper reported that nivolumab might help stabilize
platinum-resistance ONB disease (12) Programmed cell death ligand
1 (PD-L1) expression level, determined by immunohistochemistry, is
a clinically validated predictive biomarker of ICIs (13, 14). Although
previous findings that PD-L1 expression in ONB tissue ranges from
0-40% (15, 16) suggest that ICIs might be effective for R/M ONB, the
use of ICIs for these patients has not been reported and
approved globally.

Here, we investigated the potential clinical utility of anti-PD-1
monotherapy for R/M ONB.

Materials and methods
Patients

We conducted a retrospective case series of 11 patients with R/
M ONB who had received systemic therapy at two Japanese
institutions (National Cancer Center Hospital East and Kyushu
Medical Center) between January 2002 and March 2022. Cut-oft
date was the end of February 2023. Inclusion criteria were (1)
histopathologically confirmed ONB; (2) presence of incurable local
recurrence or distant metastasis; and (3) use of systemic therapy for
R/M disease. Locoregional recurrence and distant metastasis were
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diagnosed by computed tomography (CT), magnetic resonance
imaging (MRI), or positron emission tomography/computed
tomography (PET-CT). We classified patients who had received
ICI monotherapy for R/M disease as the ICI-containing treatment
group and those who had never received ICI monotherapy for R/M
disease as the other treatment group.

Treatment

As no standard treatment for R/M ONB has been established,
our patients are treated with cytotoxic anticancer drugs and
molecular-targeting agents whose efficacy has been reported in
case reports (5, 17, 18) or ICI monotherapy which may be
applicable for at least stabilizing the disease of ONB (12) and
usually associated with manageable toxicity. The types of ICI
(pembrolizumab or nivolumab) used in the current study were
determined based on platinum sensitivity according to the SCCHN.
Concretely, nivolumab monotherapy was administered at 240 mg
every two weeks to platinum-resistant patients (relapse within six
months after last administration of a platinum agent). Dose and
schedule modification to 480 mg every four weeks was allowed if
tumor response was confirmed and the patient’s condition was
stable. Pembrolizumab monotherapy was administered at 200 mg
every three weeks to platinum-sensitive patients (relapse more than
six months after last administration of a platinum agent).
Nivolumab monotherapy or pembrolizumab monotherapy was
continued until disease progression or intolerable toxicity,
whichever occurred first. The other treatments included
cetuximab (cetuximab 400 mg/m? loading dose, then 250 mg/m*
per week) with or without chemotherapy (cisplatin 80 mg/m* on
day 1 and 5-fluorouracil 800 mg/m* on days 1-4 administered every
three weeks for up to 6 cycles, or paclitaxel 80 mg/m® on day 1 every
week) and cytotoxic chemotherapy without cetuximab (irinotecan
50-80 mg/m” and docetaxel 30-50 mg/m” on days 1, 8 and 15 every
four weeks; cisplatin 80 mg/m” on day 1, doxorubicin 40 mg/m?* on
day 1 and etoposide 100 mg/m” on days 1-3 every three weeks;
carboplatin 5 AUC on day 1 and etoposide 80 mg/m” on days 1-3
every four weeks; or tegafur gimeracil oteracil potassium 100 mg/m?
on days 1-14 every three weeks). We introduced ICI monotherapies
for this patient population following the approval date for recurrent
or metastatic head and neck carcinoma in Japan (March 2017 for
nivolumab and February 2019 for pembrolizumab). Before
approval, these patients had been treated exclusively with
systemic therapies other than the ICIs mentioned above.

Evaluation of efficacy and safety

Clinical tumor response to treatment was assessed
radiographically using CT or MRI every 8-12 weeks, or sooner if
the physician in charge deemed it necessary and the results were
retrospectively evaluated according to Response Evaluation Criteria
in Solid Tumors (RECIST) ver. 1.1. The diagnosis and evaluation of
severity of immune-related adverse events (irAE) were based on
clinical examinations and biological and imaging data.
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Statistical analysis

Progression-free survival (PFS) was defined as the time from first
administration of nivolumab monotherapy or pembrolizumab
monotherapy to the date of disease progression or death from any
cause. OS was defined as the time from the first administration of
systemic therapy to death from any cause. PES and OS were calculated
using the Kaplan-Meier method and evaluated using the log-rank test.
The relationship between prognostic data and potential clinical
prognostic factors was estimated by the Cox proportional hazards
model or log-rank test. A P-value less than 5% was considered to
indicate statistical significance. All statistical analyses were performed
with EZR (version.1.51; Saitama Medical Center, Jichi Medical
University, Saitama, Japan), a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria; version 4.1.1).

PD-L1 expression and next-
generation sequencing

PD-LI expression was evaluated by PD-L1 IHC 22C3 pharmDx
assay or PD-L1 THC 28-8 pharmDx assay (Agilent Technologies,
Carpinteria, CA, USA). Genomic profile testing (Foundation One®
CDx) was used to assess genomic alteration in 324 genes, tumor
mutation burden (TMB), and microsatellite instability (MSI) following
DNA extraction from formalin-fixed, paraffin-embedded (FFPE) tissue
specimens from either the primary tumor or lymph node metastasis.

Results
Patients and disease characteristics

A total of 11 patients with R/M ONB treated with systemic
therapy during the study period were included. Baseline patient
characteristics are shown in Table 1. Among all patients, six patients
received ICI-containing treatment and five patients received other
treatment without ICI. Baseline demographic and disease
characteristics were generally well-balanced between the groups.
Distant metastases tended to be slightly more common in ICI-non-
containing treatment group. In all patients, distant metastatic sites
included liver metastases in three cases, bone metastases and distant
lymph node metastases in two cases each, and pleural
dissemination, adrenal metastases and bone marrow metastases in
one case each. None had central nerve system disease, such as
leptomeningeal lesions. Details of treatment regimens are shown in
Supplementary Table S1, and PD-L1 expression and tumor
molecular profiling data in the ICI-containing treatment group
are shown in Supplementary Table S2.

Antitumor efficacy by ICI
In the ICI-containing treatment group, overall response rate

(ORR) and disease control rate (DCR) by ICI were 33.3% (95%
confidence interval [CI], 4.33-77.8) and 66.7% (95% CI, 22.3-95.7),
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respectively (Table 2). One patient (16.7%) was classified with
complete response, 1 (16.7%) with partial response, 2 (33.3%)
with stable disease, and 1 (16.7%) with progressive disease.

Entire clinical course and prognosis

Figure 1 shows the swimmer plot of all patients after the initiation
of systemic chemotherapy for R/M disease in all cases. None had
received palliative surgery or radiotherapy while anytime receiving
systemic therapy. As of the cut-off date, three patients in the ICI-
containing treatment group had been on nivolumab monotherapy for
up to 48.6 months. The median duration of treatment with anti-PD-1
monotherapy was 13.8 months (range: 3.7-48.3), resulting in a
median and average fraction of the anti-PD-1 monotherapy phase
throughout the entire duration of systemic therapy reaching 100%
and 85.9%, respectively (range: 16.5-100). With a median follow-up
of 15.9 months, median PFS and 3-year PES rate was 7.8 months
(95% CIJ, 1.9-not reached [NR]) and 50.0% (95% CI, 11.1-80.4),
respectively (Supplementary Figure S1). In the ICI-non-containing
treatment group, one patient continued cetuximab-containing
chemotherapy (platinum + 5-fluorouracil + cetuximab followed by
cetuximab monotherapy) for up to 41.8 months, while duration
under systemic therapy in this group was relatively shorter than that
in the ICI-containing treatment group (median, 2.3 months vs. 13.2
months). Supplementary Figure S2 shows representative images of
the patient with CR after nivolumab administration.

With regard to survival, median OS for all patients was not
reached (95% CI, 5.7-NR), and 1-year OS rate was 63.6% (95% ClI,
29.7-84.5) (Figure 2A). On comparison, the ICI-containing
treatment group had a significantly longer OS (median OS: NR
vs. 6.4 months, 1-year OS: 83.3% (95%CI, 27.3-97.5) vs. 40.0% (95%
CI, 5.2-75.3), log-rank p-value: 0.035) (Figure 2B). On univariate
analysis, ECOG PS (hazard ratio [HR], 4.89; 95% CI, 1.14-21.01; p =
0.03) and distant metastasis (HR, not evaluable; p = 0.0004) were
associated with OS (Table 3). The use of ICI, assessed by the Cox
proportional hazards model, also tended to be associated with better
OS (HR, 0.13; 95% CI, 0.01-1.20; p =0.07).

Safety profile by ICI

irAEs caused by anti-PD-1 monotherapy are shown in Table 4.
Four patients (66.7%) experienced adverse events of any grade,
among which pruritus, adrenal insufficiency, liver dysfunction,
fatigue, and hypothyroidism were common. No patient developed
an adverse event of grade 3 or higher or had treatment interrupted
or discontinued due to an irAE.

Discussion

In this study, we found that anti-PD-1 monotherapy induced a
tumor response in patients with R/M ONB and provided disease
control, resulting in an objective prolongation of survival compared
with patients who did not receive one of these agents in their clinical
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TABLE 1 Baseline characteristics of patients.
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ICl-containing ICl-non-containing  p-value’
treatment treatment
group (n=6) group (n=5)
Median age, years (range)* 48 (29-66) 50 (29-66) 48 (23-66) 0.783
Gender, n (%) Male 6 (54.5) 4 (66.7) 2 (40.0) 0.782
Female 5 (45.5) 2(33.3) 3 (60.0)
ECOG PS, n (%)* 0/1 9 (81.8) 6 (100) 3 (60.0) 0.354
=2 2 (18.2) 0 (0) 2 (40.0)
Modified Kadish, n (%)** A/B/IC 6 (54.5) 4(66.7) 2 (40.0) 0.782
D 5 (45.5) 2 (33.3) 3 (60.0)
Hyams’ Grade, n (%) /11 6 (54.5) 4 (66.7) 2 (40.0) 0.231
II/IV 3(27.2) 2(33.3) 1 (20.0)
Unknown 2(18.2) 0 (0) 2 (40.0)
Initial curative therapy, n (%) Surgery alone 3(27.2) 2(33.3) 1 (20.0) 0.382
Surgery followed by RT 1(9.1) 0 (0) 1 (20.0)
CRT alone 1(9.1) 1(16.7) 0 (0)
IC followed by RT 1(9.1) 0 (0) 1 (20.0)
IC followed by CRT 4 (36.4) 3 (50.0) 1 (20.0)
None 1(9.1) 0 (0) 1 (20.0)
Salvage surgery for locoregional Yes 2(18.2) 2 (33.3) 0 (0) 0.182
lesion with curative intent before No 9 (81.8) 4 (66.6) 5 (100)
initiating systemic therapy
Time from initial diagnosis to <1 year 5 (45.5) 3 (50.0) 2 (40.0) 1
initiation of systemic therapy, n (%) = > 1 year 6 (54.5) 3 (50.0) 3 (60.0)
Local recurrence or Local recurrence alone 7 (63.6) 5(83.3) 2 (40.0) 0.164
distant metastasis* Distant metastasis alone 2 (18.2) 0 (0) 2 (40.0)
Both 2 (18.2) 1(16.7) 1 (20.0)

*At recurrence or metastatic disease, **At initial diagnosis. "The t-test was used for continuous variables and the chi-squared test for categorical variables. ECOG PS, Eastern Cooperative
Oncology Group Performance Status Scale; RT, radiotherapy; CRT, chemoradiotherapy; IC, induction-chemotherapy; and ICI, immune checkpoint inhibitor.

course. No new safety concerns were identified. To our knowledge,
this is the first case series to assess the clinical efficacy of anti-PD-1
monotherapy and its potential effect on survival in R/M
ONB patients.

Although ONB patients with non-distant disease are treated
curatively, 12% develop distant metastatic disease (19). In addition,
8% of ONB patients present with distant metastasis at initial
diagnosis (20). These R/M ONB patients are generally challenging
to treat radically and usually receive palliative systemic
chemotherapy. However, the significance of platinum-based
cytotoxic chemotherapy for ONB patients with distant metastasis
has not been demonstrated by systemic review or meta-analysis
(19). For molecular targeted therapy, several drugs (e.g., sunitinib,
everolimus, and pazopanib) have shown relatively favorable disease
control in patients harboring a corresponding genetic alteration (21,

TABLE 2 Best overall response by ICI.

22), but most patients do not have these targets and barely benefit
from this treatment. Although peptide receptor radionuclide
therapy (PRRP), which is based on the relatively high positivity of
somatostatin receptor 2 (SSTR2), has been under evaluation (23,
24), therapeutic options for this patient population remain limited.
Against this background, our present findings — an ORR of 33.3%
and long-term disease control for up to 48.6 months in some
patients — may make ICI monotherapy one of the therapeutic
options for R/M ONB. Furthermore, we saw no new safety
concerns regarding irAE in terms of either incidence or severity
(any grade: 66.7%, grade 3/4: 0%) on comparison with reports
obtained from a systematic review of toxicity with ICI monotherapy
(any grade: 54-76%, grade 3/4: 28-72%) (25).

Allowing that the number of enrolled patients was small, we
attempted to evaluate both clinical factors as well as biomarkers to

CR PR SD PD NE ORR* DCR** CBR*
Nivolumab (n=4) 1 1 0 1 1 50.0% 50.0% 50.0%
Pembrolizumab (n=2) 0 0 2 0 0 0% 100% 0%
Total (n=6) 1 1 2 1 1 33.3% 66.7% 33.3%

*Proportion of CR + PR. **Proportion of CR + PR + SD. "Proportion of CR + PR + SD at 6 months.
ICI, immune checkpoint inhibitor; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NE, not evaluable; ORR, objective response rate; DCR, disease control

rate; and CBR, clinical benefit rate.
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FIGURE 1
Swimmer plot of R/M ONB patients in the ICl-containing treatment group

therapy, but does not include cetuximab. BOR, best overall response; CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; BSC, best supportive care; ICl, immune checkpoint inhibitor.

A B
1.0 4 1.0
mOS (95%Cl), months
mOS (95%Cl). months NR (9.1NR)
g 0.8 .11
08 NR (5.7-NR)
6.4 (0.4-NR)
4 Log-rank p-value: 0.035
E 0.6 - g 0.6 g p-
8 3
[ ] i ~— ICl-containing treatment group (n=6)
@ 04+ E 0.4
~ ICI-non-containing treatment group (n=5)
0.2 0.2 + -
0.0 - 0.0 -
T T T T T T T T T T T T
0 10 20 30 40 50 (Months) 0 10 20 30 40 50 (Months)
Number at risk Number at risk
1 7 4 3 2 0 ICl-containing 6 5 3 2 1 0
ICl-non-containing 5 2 1 1 1 0

FIGURE 2

Kaplan-Meier curves of overall survival for (A) all patients and (B) the ICI-containing treatment group and other treatment group. mOS, median
overall survival; ICl, immune checkpoint inhibitor; Cl, confidence interval; NR, not reached.

identify patient populations more likely to benefit from ICI
monotherapy. With regard to clinical factors, general reports in
cancer patients, including those with ONB (26, 27), indicate that the
maintenance of ECOG PS (PS 0/1) and absence of distant
metastasis were associated with favorable prognosis in the current
study (Table 3). Patients meeting these criteria might be suitable
candidates for therapy. With regard to biomarkers, although we

TABLE 3 Univariate analysis for overall survival.

and other treatment group. *cytotoxic chemotherapy is a systemic

cannot exclude the possibility of temporal and spatial variation in
PD-LI expression, no apparent association with ICI efficacy was
observed in the current study (two responders both had PD-L1-
negative disease; Supplementary Table S2), despite a generally
positive correlation between PD-L1 expression and response to
ICI as well as survival prognosis in other types of cancer (13, 28, 29).
Further, TMB and MSI status also appeared not to correlate with

Variable Category Number of patients (%) HR (95% Cl) p-value
Age, years <65 9 (81.8) Reference 0.60
> 65 2(18.2) 1.84 (0.19-17.99)
Gender Male 6 (54.5) Reference 0.81
Female 5 (45.5) 0.80 (0.13-4.81)
ECOG PS 0/1 9 (81.8) Reference 0.03
>2 2(182) 4.89 (1.14-21.01)
(Continued)
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TABLE 3 Continued

Variable Category Number of patients (%) HR (95% Cl) p-value

Modified Kadish A/B/C 6 (54.5) Reference 0.87
D 5 (45.5) 0.87 (0.14-5.22)

Hyams’ Grade /11 6 (54.5) Reference 0.83

I/1V 3(27.2) 0.77 (0.08-7.49)

Distant metastasis No 7 (63.6) Reference 0.0004*
Yes 4 (36.4) NE

Use of ICI No 5 (45.5) Reference 0.07
Yes 6 (54.5) 0.13 (0.01-1.20)

*The log-rank test was used instead of the Cox proportional hazards model because no events occurred in one of the groups. ECOG PS, Eastern Cooperative Oncology Group Performance Status

Scale; ICI, immune checkpoint inhibitor; CI, confidence interval; and NE, not evaluable.

the clinical efficacy of ICI (one evaluated responder had 0/mb TMB;
Supplementary Table S2). Again, although the small number of
evaluable subjects hampers the reaching of conclusive results, these
markers would not be definitive in eliminating the clinical
application of ICI monotherapy in R/M ONB. At the same time,
further exploration to identify additional biomarkers is warranted.

Several limitations of our study should be mentioned. First, the
study was conducted under a retrospective case series with a small
number of patients, as mentioned above. We cannot exclude the
possibility of selection bias in survival prognosis on comparison
with the ICI-non-containing treatment group; for example, distant
metastasis was more frequent in the latter group (16.7% vs. 80.0%,
p=0.391, Table 1). Prospective evaluation in a larger number of
patients is required to confirm our findings. Second, consistent with
general discussion in this field, we have no plausible insight into the
validity of continuing ICI monotherapy in patients who achieve a
long-term tumor response or stabilization. Three subjects are still
under ICI monotherapy as their treatment-related AEs are
manageable (limited to hormone replacement therapy for
immune-related hypothyroidism and adrenal insufficiency). A

TABLE 4 Immune-related adverse events by ICI.

Number of patients (n = 6) (%)

‘ Any Grade > Grade 3
Pruritus 4 (66.7) 0 (0)
Adrenal insufficiency 2(33.3) 0 (0)
ALT increased 2 (33.3) 0 (0)
AST increased 2(33.3) 0 (0)
Fatigue 2(333) 0(0)
Hypothyroidism 2 (33.3) 0 (0)
Anorexia 1(16.7) 0 (0)
Diarrhea 1(16.7) 0 (0)
Rash 1(16.7) 0 (0)
Total 4(66.7) 0(0)

Graded according to Common Toxicity Criteria for Adverse Events version 5.0.
ALT, alanine aminotransferase; AST, aspartate transaminase.

Frontiers in Oncology

previous clinical trial reported that non-small-cell lung cancer
(NSCLC) patients exhibited a positive tumor response to one year
of nivolumab monotherapy, and found that subjects who continued
nivolumab monotherapy showed significant improvements in both
PES and OS compared to those who discontinued this monotherapy
(30). Other recent retrospective studies have reported that NSCLC
patients who continued for more than two years had no difference
in time to treatment failure compared with those who discontinued
after two years and an increase in irAE in the continued ICI group 5
(31). Given these past and present findings, and the currently
limited alternative treatment options, we consider that
continuation of ICI monotherapy for R/M ONB responders is
reasonable. On the other hand, discontinuation of ICI is also an
option, especially in the subject with the stabilized disease for a long
time or with intolerable irAE.”

Conclusion

We demonstrated that anti-PD-1 monotherapy is a safe and
effective treatment for R/M ONB. The treatment may be a
therapeutic option for this patient population, whose treatment
strategies remain limited and not standardized.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

Ethics statement

The studies involving humans were approved by the
Institutional Ethical Committee of the National Cancer Center
Hospital East. The studies were conducted in accordance with the
local legislation and institutional requirements. The participants
provided their written informed consent to participate in
this study.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1379013
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Hoshi et al.

Author contributions

YH: Writing - original draft, Data curation, Conceptualization. TE:
Writing - review & editing. ST: Writing - review & editing,
Data curation. TN: Writing - review & editing. SO: Writing - review
& editing. TF: Writing - review & editing. MS: Writing - review &
editing. AW: Writing - review & editing. HT: Writing - review & editing.
NaT: Writing - review & editing. NoT: Writing — review & editing. RO:
Writing - review & editing. TK: Writing - review & editing. HU: Writing
- review & editing. SS: Writing - review & editing. TA: Writing — review
& editing, Supervision. MT: Writing — review & editing, Supervision.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

MT reports grants and personal fees from Ono Pharmaceutical
and Bayer; personal fees from MSD, BMS, Merck Biopharma,
Pfizer, Rakuten Medical, Lilly, Boehringer Ingelheim, Eisai,
Chugai Pharmaceutical, Daiichi-Sankyo, Janssen Pharmaceutical,

References

1. Broich G, Pagliari A, Ottaviani F. Esthesioneuroblastoma: a general review of the cases
published since the discovery of the tumour in 1924. Anticancer Res. (1997) 17:2683-706.

2. Thompson LDR, Franchi A. New tumor entities in the 4th edition of the World Health
Organization classification of head and neck tumors: Nasal cavity, paranasal sinuses and skull
base. Virchows Arch. (2018) 472:315-30. doi: 10.1007/s00428-017-2116-0

3. Befari G, Fusconi M, Ciofalo A, Gallo A, Altissimi G, Celani T, et al. Radiotherapy
alone for local tumour control in esthesioneuroblastoma. Atca Otorhinolaryngol Ital.
(2008) 28:292-7.

4. De Bonnecaze G, Lepage B, Rimmer J, Al Hawat A, Vairel B, Serrano E, et al.
Long-term carcinologic results of advanced esthesioneuroblastoma: a systematic
review. Eur Arch Otorhinolaryngol. (2016) 273:21-6. doi: 10.1007/500405-014-3320-z

5. Fitzek MM, Thornton AF, Varvares M, Ancukiewicz M, McIntyre J, Adams J,
et al. Neuroendocrine tumors of the sinonasal tract. Results of a prospective study
incorporating chemotherapy, surgery, and combined proton-photon radiotherapy.
Cancer. (2002) 94:2623-34. doi: 10.1002/cncr.10537

6. Kiyota N, Tahara M, Fujii S, Kawashima M, Ogino T, Minami H, et al.
Nonplatinum-based chemotherapy with irinotecan plus docetaxel for advanced or
metastatic olfactory neuroblastoma: a retrospective analysis of 12 cases. Cancer. (2008)
112:885-91. doi: 10.1002/cncr.23246

7. Yoh K, Tahara M, Kawada K, Mukai H, Nakata M, Itoh K, et al. Chemotherapy in
the treatment of advanced or recurrent olfactory neuroblastoma. Asia-Pacific J Clin
Oncol. (2006) 2:180-4. doi: 10.1111/§.1743-7563.2006.00064.x

8. Ferris RL, Blumenschein G Jr., Fayette J, Guigay J, Colevas AD, Licitra L, et al.
Nivolumab for recurrent squamous-cell carcinoma of the head and neck. N Engl ] Med.
(2016) 375:1856-67. doi: 10.1056/NEJMoal602252

9. Cohen EEW, Soulieres D, Le Tourneau C, Dinis J, Licitra L, Ahn MJ, et al.
Pembrolizumab versus methotrexate, docetaxel, or cetuximab for recurrent or metastatic
head-and-neck squamous cell carcinoma (KEYNOTE-040): a randomised, open-label, phase
3 study. Lancet. (2019) 393:156-67. doi: 10.1016/S0140-6736(18)31999-8

10. Burtness B, Harrington KJ, Greil R, Soulieres D, Tahara M, de Castro G, et al.
Pembrolizumab alone or with chemotherapy versus cetuximab with chemotherapy for
recurrent or metastatic squamous cell carcinoma of the head and neck (KEYNOTE-
048): a randomised, open-label, phase 3 study. Lancet. (2019) 394:1915-28.
doi: 10.1016/S0140-6736(18)32409-7

11. National Comprehensive Cancer Network. Head and Neck Cancers. (2023).
Available at: https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1437

Frontiers in Oncology

10.3389/fonc.2024.1379013

Genmab, Astra Zeneca, Abbvie and Astellas, outside the submitted
work. SO reports personal fees from Ono Pharmaceutical, MSD,
BMS, Merck Biopharma. TE reports personal fees from Ono
Pharmaceutical, Bayer, MSD, and Merck Biopharma outside the
submitted work.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1379013/
full#supplementary-material

12. Ueda Y, Okano S, Enokida T, Fujisawa T, Ito K, Sato M, et al. Nivolumab for
recurrent or metastatic head and neck cancer patients with non-squamous cell
carcinoma and/or a primary subsite excluded from CheckMatel41, a retrospective
study. Oral Oncol. (2022) 130:105932. doi: 10.1016/j.oraloncology.2022.105932

13. Bai R, Lv Z, Xu D, Cui J. Predictive biomarkers for cancer immunotherapy with
immune checkpoint inhibitors. biomark Res. (2020) 8:34. doi: 10.1186/540364-020-00209-0

14. Burtness B, Rischin D, Greil R, Soulieres D, Tahara M, de Castro G]Jr., et al.
Pembrolizumab alone or with chemotherapy for recurrent/metastatic head and neck
squamous cell carcinoma in KEYNOTE-048: subgroup analysis by programmed death
ligand-1 combined positive score. J Clin Oncol. (2022) 40:2321-32. doi: 10.1200/
JCO.21.02198

15. London NR Jr., Rooper LM, Bishop JA, Xu H, Bernhardt LJ, Ishii M, et al.
Expression of programmed cell death ligand 1 and associated lymphocyte infiltration in
olfactory neuroblastoma. World Neurosurg. (2020) 135:e187-e93. doi: 10.1016/
jwneu.2019.11.112

16. Topcagic J, Feldman R, Ghazalpour A, Swensen ], Gatalica Z, Vranic S.
Comprehensive molecular profiling of advanced/metastatic olfactory neuroblastomas.
PLoS One. (2018) 13:e0191244. doi: 10.1371/journal.pone.0191244

17. Wang L, Ding Y, Wei L, Zhao D, Wang R, Zhang Y, et al. Recurrent olfactory

neuroblastoma treated with cetuximab and sunitinib: A case report. Med (Baltimore).
(2016) 95:€3536. doi: 10.1097/MD.0000000000003536

18. Kondo N, Takahashi H, Nii Y. Olfactory neuroblastoma: 15 years of experience.
Anticancer Res. (2012) 32:1697-703.

19. Marinelli JP, Janus JR, Van Gompel JJ, Link MJ, Foote RL, Lohse CM, et al.
Esthesioneuroblastoma with distant metastases: Systematic review & meta-analysis.
Head Neck. (2018) 40:2295-303. doi: 10.1002/hed.25209

20. Konuthula N, Iloreta AM, Miles B, Rhome R, Ozbek U, Genden EM, et al.
Prognostic significance of Kadish staging in esthesioneuroblastoma: An analysis of the
National Cancer Database. Head Neck. (2017) 39:1962-8. doi: 10.1002/hed.v39.10

21. Gay LM, Kim S, Fedorchak K, Kundranda M, Odia Y, Nangia C, et al.
Comprehensive genomic profiling of esthesioneuroblastoma reveals additional
treatment options. Oncologist. (2017) 22:834-42. doi: 10.1634/theoncologist.2016-0287

22. Spengler M, Wheelden M, Mackley HB, Drabick JJ. Durable major response with
pazopanib in recurrent, heavily pretreated metastatic esthesioneuroblastoma harboring
a fumarate hydratase mutation. JCO Precis Oncol. (2021) 5. doi: 10.1200/P0O.20.00486

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1379013/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1379013/full#supplementary-material
https://doi.org/10.1007/s00428-017-2116-0
https://doi.org/10.1007/s00405-014-3320-z
https://doi.org/10.1002/cncr.10537
https://doi.org/10.1002/cncr.23246
https://doi.org/10.1111/j.1743-7563.2006.00064.x
https://doi.org/10.1056/NEJMoa1602252
https://doi.org/10.1016/S0140-6736(18)31999-8
https://doi.org/10.1016/S0140-6736(18)32409-7
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1437
https://doi.org/10.1016/j.oraloncology.2022.105932
https://doi.org/10.1186/s40364-020-00209-0
https://doi.org/10.1200/JCO.21.02198
https://doi.org/10.1200/JCO.21.02198
https://doi.org/10.1016/j.wneu.2019.11.112
https://doi.org/10.1016/j.wneu.2019.11.112
https://doi.org/10.1371/journal.pone.0191244
https://doi.org/10.1097/MD.0000000000003536
https://doi.org/10.1002/hed.25209
https://doi.org/10.1002/hed.v39.10
https://doi.org/10.1634/theoncologist.2016-0287
https://doi.org/10.1200/PO.20.00486
https://doi.org/10.3389/fonc.2024.1379013
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Hoshi et al.

23. Lechner M, Takahashi Y, Turri-Zanoni M, Liu J, Counsell N, Hermsen M, et al.
Clinical outcomes, Kadish-INSICA staging and therapeutic targeting of somatostatin
receptor 2 in olfactory neuroblastoma. Eur J Cancer. (2022) 162:221-36. doi: 10.1016/
j.€jca.2021.09.046

24. Czapiewski P, Kunc M, Gorczynski A, Haybaeck J, Okon K, Reszec J, et al. Frequent
expression of somatostatin receptor 2a in olfactory neuroblastomas: a new and distinctive
feature. Hum Pathol. (2018) 79:144-50. doi: 10.1016/j.humpath.2018.05.013

25. Xu C, Chen YP, Du X]J, Liu JQ, Huang CL, Chen L, et al. Comparative safety of
immune checkpoint inhibitors in cancer: systematic review and network meta-analysis.
BM]J. (2018) 363:k4226. doi: 10.1136/bmj.k4226

26. Banuchi VE, Dooley L, Lee NY, Pfister DG, McBride S, Riaz N, et al. Patterns of
regional and distant metastasis in esthesioneuroblastoma. Laryngoscope. (2016)
126:1556-61. doi: 10.1002/lary.25862

27. Jang RW, Caraiscos VB, Swami N, Banerjee S, Mak E, Kaya E, et al. Simple
prognostic model for patients with advanced cancer based on performance status.
] Oncol Pract. (2014) 10:e335-41. doi: 10.1200/JOP.2014.001457

Frontiers in Oncology

08

10.3389/fonc.2024.1379013

28. Mok TSK, Wu YL, Kudaba I, Kowalski DM, Cho BC, Turna HZ, et al.
Pembrolizumab versus chemotherapy for previously untreated, PD-L1-expressing,
locally advanced or metastatic non-small-cell lung cancer (KEYNOTE-042): a
randomised, open-label, controlled, phase 3 trial. Lancet. (2019) 393:1819-30.
doi: 10.1016/S0140-6736(18)32409-7

29. Kojima T, Shah MA, Muro K, Francois E, Adenis A, Hsu CH, et al. Randomized
phase III KEYNOTE-181 study of pembrolizumab versus chemotherapy in advanced
esophageal cancer. J Clin Oncol. (2020) 38:4138-48. doi: 10.1200/JC0.20.01888

30. Waterhouse DM, Garon EB, Chandler J, McCleod M, Hussein M, Jotte R, et al.
Continuous versus 1-year fixed-duration nivolumab in previously treated advanced
non-small-cell lung cancer: checkMate 153. J Clin Oncol. (2020) 38:3863-73.
doi: 10.1200/JC0O.20.00131

31. Kobayashi H, Wakuda K, Naito T, Mamesaya N, Ko R, Ono A, et al. Continuous
vs. Fixed 2-year duration immune checkpoint inhibitor treatment of patients with non-
small cell lung cancer: A single institution database analysis. Clin Lung Cancer. (2023)
24:498-506 e3. doi: 10.1016/j.cllc.2023.06.005

frontiersin.org


https://doi.org/10.1016/j.ejca.2021.09.046
https://doi.org/10.1016/j.ejca.2021.09.046
https://doi.org/10.1016/j.humpath.2018.05.013
https://doi.org/10.1136/bmj.k4226
https://doi.org/10.1002/lary.25862
https://doi.org/10.1200/JOP.2014.001457
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1200/JCO.20.01888
https://doi.org/10.1200/JCO.20.00131
https://doi.org/10.1016/j.cllc.2023.06.005
https://doi.org/10.3389/fonc.2024.1379013
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Efficacy of anti-PD-1 monotherapy for recurrent or metastatic olfactory neuroblastoma
	Introduction
	Materials and methods
	Patients
	Treatment
	Evaluation of efficacy and safety
	Statistical analysis
	PD-L1 expression and next-generation sequencing

	Results
	Patients and disease characteristics
	Antitumor efficacy by ICI
	Entire clinical course and prognosis
	Safety profile by ICI

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


