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Background: Neuroendocrine carcinoma of the cervix (NECC) is more prone to lymphatic
infiltration, lymph node involvement, local recurrence, and distant metastasis. Using concurrent
chemoradiotherapy (CCRT) with or without adjuvant chemotherapy as the standard treatment for
locally advanced NECCs and CCRT for patients with early lesions confined to the cervix. However,
the prognosis of NECC patients treated with definitive radiotherapy (RT) is unknown. Immune
checkpoint inhibitors are a promising therapeutic strategy for locally advanced cervical cancer. Some
reports suggest that the expression of PD-L1 in solid tumors correlates with prognosis.

Aim: This study investigates prognostic factors for survival in patients with neuroendocrine cervical
carcinoma (NECC) treated with definitive RT and the relationship between PD-L1 expression and
prognosis in these patients.

Methods: This retrospective study included 66 patients with histologically confirmed NECC who
received RT with or without chemotherapy. From January 2015 to December 2020, patients received
routine extended-field irradiation (EFI), and PD-L1 expression was assessed by immunohistochemistry.
The most commonly used chemotherapy agents were etoposide-platinum and paclitaxel-platinum.
Results: PD-L1 expression was positive in 17 of 45 (37.8%) patients. There were 52 cases of pure NECC
and 14 cases of mixed carcinoma. Sixty stage IB-III patients received definitive RT. The 3- and 5-year
progression-free survival (PFS) was 39.8% and 34.1%, and 3- and 5-year overall survival (OS) was 48.0%
and 40.2%, respectively. There was no significant difference in 3 and 5-year PFS and 3 and 5-year OS
between patients with pure and mixed carcinoma. Positive PD-L1 expression was associated with higher
3-year PFS in patients with mixed histology. Univariate analysis showed that lymph node metastasis
(LNM) and the International Federation of Gynecology and Obstetrics stages predicted 3- and 5-year PFS
in patients who received definitive RT. The median OS in patients receiving less than four cycles and at
least four cycles of chemotherapy (CT) was 26.0 and 44.0 months, respectively (P = 0.038); moreover,
3- and 5-year PFS was 34.1% and 25.7% in the former and 46.4% and 40.4% in the latter. There were
no significant differences in OS and PFS between pelvic irradiation and prophylactic EFT in patients
treated with definitive RT. There were no significant differences in para-aortic failure rate after concurrent
chemoradiotherapy between patients who underwent pelvic irradiation or prophylactic EFI (P = 0.147).
Conclusion: In patients with mixed NECC, positive PD-L1 expression is correlated with higher 3-year
PFS. Chemoradiotherapy was effective for NECCs. The LNM and stage predicted PFS. Four or more
cycles of chemotherapy improve prognosis. Prophylactic EFI did not significantly improve PFS and OS.
Relevance for Patients: This study is relevant to patients as it confirms that chemoradiotherapy is effective
for both early and locally advanced NECC and that four or more cycles of chemotherapy improved
prognosis. The regimen should be carefully evaluated to ensure that patients receive the most effective
radiation therapy for the prophylactic of para-aortic LNM. Potential risk factors for the recurrence of
radical radiotherapy should be fully understood to minimize these risks. This study observed that PD-L1
expression positive in patients with mixed NECC types is correlated with higher 3-year PFS.
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1. Introduction

Neuroendocrine carcinoma of the cervix (NECC) is a rare
histologic type of cervical cancer, accounting for 0.9 — 1.5% of
cervical cancer cases [1-3]. Unlike squamous cell carcinoma and
adenocarcinoma, NECC is more prone to lymphatic infiltration, lymph
node involvement, local recurrence, and distant metastasis (DM) [4].

Small-cell NECC (SCNEC) is the most common type of
NECC, accounting for approximately 80% of NECC cases.
Large-cell NECC (LCNEC) and other histological types represent
approximately 12% and 8% of NECC cases, respectively. Common
markers of NECC include chromogranin A (CgA), synaptophysin
(Syn), and CD56.

Adjuvant chemoradiotherapy after radical hysterectomy
is feasible for early-stage cervical cancer, and concurrent
chemoradiotherapy (CCRT) or chemotherapy alone is feasible
for locally advanced and metastatic disease [5-7]. The first-line
chemotherapy for NECC is etoposide or paclitaxel combined
with a platinum agent (cisplatin or carboplatin). The National
Comprehensive Cancer Network (2022) recommends using CCRT
with or without adjuvant chemotherapy as the standard treatment
for stage IB3-IVA NECC and CCRT for patients with early lesions
confined to the cervix. Prognostic factors for cervical cancer
include race, age, tumor stage and grade, histological type, tumor
volume, lymph node involvement and location, performance
status, and type of treatment [8]. However, the prognosis of NECC
patients treated with radical radiotherapy (RT) is unknown.

Immune checkpoint inhibitors are a promising therapeutic
strategy for locally advanced cervical cancer (LACC) [9].
A clinical trial found that ipilimumab combined with nivolumab
achieved satisfactory results in three patients with recurrent
NECC, including two with positive PD-L1 expression [10]. PD-
L1 expression in solid tumors correlates with prognosis. For
instance, PD-L1 expression is a good prognostic biomarker in
human papillomavirus (HPV)-associated head and neck cancer.
Conversely, PD-L1 expression is associated with poor prognosis
in patients with renal cancer [11-13].

This study assessed the efficacy of radiation therapy for NECC,
prognostic factors for NECC, and the relationship between PD-L1
expression and patient survival.

2. Methods
2.1. Patients

The study included patients with histologically confirmed
NECC who received RT with or without chemotherapy at our
cancer center between January 2009 and December 2020. Patients
gave written informed consent before therapy. The diagnosis
was based on the morphological and immunohistochemical
characteristics of tumors. The inclusion criteria were patients with
no history of previous treatment or malignancies, patients who
completed a treatment course, patients with a follow-up of at least
3 months, and patients whose imaging data allowed tumor staging
based on the 2018 International Federation of Gynecology and
Obstetrics (FIGO) cervical cancer staging system.

2.2. Immunohistochemistry

Immunohistochemistry was performed on 3-5-um-thick
sections. The sections were incubated with antibodies against
CgA, Syn, CD56, Ki-67, and PD-L1. PD-L1 immunostaining
was performed using clone 28-8 as an anti-PD-L1 antibody
(Dako, Carpentaria, CA, USA). PD-L1 expression was scored
by counting the total number of PD-L1-positive cells, including
tumor cells, lymphocytes, and macrophages, and dividing by the
total number of living tumor cells x100 [14]. PD-L1 expression
in tissues (or assays) with a score of >1 was considered positive.

2.3. Treatment
2.3.1. RT

The standard protocol included external beam RT (EBRT) and
high-dose-rate brachytherapy (HDR-BT). From January 2009 to
December 2014, EFI was performed in the pelvis and para-aortic
lymph nodes (PALNs) if PALN metastasis was detected at the
initial diagnosis. From January 2015 to December 2020, patients
received EFI routinely. The patients were planned using 3D
conformal RT or intensity-modulated RT. EBRT was performed
using either 40.0 — 46.0 Gy in 20 — 23 fractions or 45.0 — 50.4 Gy
in 1.8 Gy fractions. HDR-BT was performed during or after EBRT
at a dose of 6.0 — 7.0 Gy for each fraction once or twice a week,
with a median total dose of 28.0 Gy (range, 21.0 — 35.0 Gy).
Palliative RT included EBRT with or without brachytherapy.

2.3.2. Chemotherapy

Patients with no contraindications to platinum received
chemotherapy. Therapies included CCRT with etoposide-
platinum (EP) or paclitaxel-platinum (TP), followed by adjuvant
chemotherapy with EP or TP. In addition, a few patients were
treated with chemoradiotherapy involving a single platinum
agent concurrent radiotherapy (CRT) followed by adjuvant
chemotherapy with EP or TP.

2.3.3. Observation and follow-up

The patients were followed up every 3 months for the first
2 years, every 6 months for the next 3 years, and every 12 months
after the 5" year. A physical examination, Papanicolaou smear,
and routine blood tests were performed during the follow-up.
Radiographic examinations were performed if disease recurrence
was suspected. Patient survival with or without recurrence or
metastasis was measured.

2.4. Statistical analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences (SPSS) version 20.0 (SPSS Inc., Chicago,
IL). Median overall survival (OS) and median progression-free
survival (PFS) were estimated using the Kaplan—-Meier method
and compared between groups using the log-rank test. Prognostic
factors were analyzed by Cox regression analysis. P < 0.05 were
considered statistically significant.
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2.5. Ethnical statements
2.5.1. Ethical approval

This study was performed in accordance with the principles of the
Declaration of Helsinki and was approved by the Ethics Committee
of Clinical Oncology School of Fujian Medical University, Fujian
Cancer Hospital (Review Number K2022-208-01).

2.5.2. Consent to participate

Informed consent was obtained from all individual participants
included in the study.

2.5.3. Consent to publish

The authors affirm that human research participants provided
informed consent for the publication of the images in Figures 1
and 2, Tables 1-6.

3. Results
3.1. Patients and tumor characteristics

A total of 188 patients with newly diagnosed NECCs were
treated at our center. Of these, 66 patients treated with RT were
included in the study (age: 31 — 86 years; median: 50 years).
Fifty-two (78.8%) patients presented pure NECCs, including 50
with SCNEC, one with LCNEC, and one with SCNEC + LCNEC.
Fourteen cases (21.2%) of NECCs were associated with other
malignancies, including adenocarcinoma (11 cases), squamous
cell carcinoma (two cases), and adenosquamous carcinoma (one
case). Sixty patients with stage IB-III received definitive RT, and
six patients with stage IVB received palliative RT. Treatments
included RT alone (four patients), CRT (four patients), and CCRT
(58 patients).

Disease stages and the respective number of cases were as
follows: IB (1), IIA (7), IIB (14), IIIA (2), IIIB (5), LIIC1 (22),
IC2 (9), and IVB (6). The clinicopathologic features and
treatment modalities are summarized in Table 1.
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Figure 1. Overall survival by International Federation of Gynecology
and Obstetrics stage.

3.2. Immunohistochemistry

Ki-67 protein expression levels were measured in 59 patients.
The number of Ki-67-positive cells in each patient ranged from
20% to 100%, with a median of 75%. Immunohistochemistry
showed that 92.2% (59/64), 41.9% (26/62), and 67.2% (41/61)
patients were positive for Syn, CgA, and CDS56, respectively.PD-
L1 expression was positive in 17 (37.8%) patients.

3.3.08

The follow-up period ranged from 13 to 156 months, with a
median of 33 months. The 3- and 5-year OS was 41.7% and 35.2%,
and 3- and 5-year PFS was 35.6% and 30.6%, respectively. The
S-year OS and PFS were 60.0% and 56.3% in patients with stage
I-TIA and 42.3% and 32.7% in patients with stage 1I1B-IIIc.

The 3-year OS in patients with true and mixed carcinoma was
50.7% and 37.3%, respectively (P = 0.633). Five-year OS in these
groups was 40.0% and 24.9%, respectively (P = 0.400); 3-year
PFS was 42.8% and 27.7% (P = 0.248), and 5-year PFS was
35.3% and 13.8% (P =0.178).

3.4. PD-L1 expression and patient survival

For patients with mixed histology, positive PD-L1 expression
was associated with higher 3-year PFS compared with negative
PD-L1 expression (66.7% vs. 16.7%, P = 0.042). There were no
significant differences in survival between the two pathological
types (Table 2).

Among the 60 patients who received definitive EBRT, whole
pelvis irradiation, EFI, and prophylactic EFI were performed
in 27, 9, and 24 patients, respectively. Thirty-six (54.55%)
patients experienced tumor persistence, recurrence, metastasis,
or progression. Distal metastases were more common in
supraclavicular, mediastinum, and hilum lymph nodes. The most
common hematogenous metastasis was pulmonary in 16 cases
(16/30), hepatic in 10 cases (10/30), bone in 12 cases (12/30),
and pancreatic in four cases (4/30). Brain metastasis occurred in
one case. The survival status of patients is shown in Table 3. The
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Figure 2. Progression-free survival by International Federation of
Gynecology and Obstetrics stage.
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Table 1. Patients, tumor characteristics, and treatment modalities.
Characteristics Number of patients Percentage
Age (years)

<60 50 75.8 (50/66)

>60 16 24.2 (16/66)
Histology

Pure 52

Small-cell neuroendocrine carcinoma 50 75.8 (50/66)

Large-cell neuroendocrine adenocarcinoma 1 1.5 (1/66)

Small-cell+large-cell 1 1.5 (1/66)
Mixed 14

Small-cell neuroendocrine carcinoma and adenocarcinoma 11 16.7 (11/66)

Small-cell neuroendocrine carcinoma and squamous cell carcinoma 1 3.0 (1/66)

Small-cell neuroendocrine carcinoma and adenosquamous carcinoma 2 3.0 (2/66)
FIGO stage

1B 1 1.5 (1/66)

JIVN 7 10.6 (7/66)

1B 14 21.2 (14/66)

IIA 2 3.0 (2/66)

11IB 5 7.6 (5/66)

1IC1 22 33.3 (22/66)

1Ic2 9 13.6 (9/66)

IVB 9.1 (6/66)
Immunohistochemistry

Syn-positive 59 92.2 (59/64)

CgA-positive 26 41.9 (26/62)

CD56-positive 41 67.2 (41/61)
Tumor size (cm)

<4 10 15.2 (10/66)

>4 56 84.9 (56/66)
Lymph node involvement

Pelvic 22 33.3 (22/66)

Pelvic and para-aortic 9 13.6 (9/66)
Radiotherapy

3DCRT 21 31.8 (21/66)

IMRT 45 68.2 (45/66)

Definitive 60 90.9 (60/66)

Palliative 6 16.7% (6/66)
Chemotherapy

TP 28 42.4 (28/66)

EP 31 46.9 (31/66)
Treatment

CCRT 58 45.5 (58/66)

Radiotherapy 6.1 (4/66)

Platinum + radiotherapy 6.1 (4/66)
Number of chemotherapy cycles (EP or TP)

1-3 23 34.9 (23/66)

4-7 36 57.6 (36/66)
Definitive external beam radiotherapy

Pelvic irradiation 27 45.0 (27/60)

Extended-field irradiation 33 55.0 (33/60)
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Table 1. (Continued)

Characteristics Number of patients Percentage

PD-L1-positive

>1 17 37.8 (17/45)

<1 20 44.4 (20/45)

0 8 17.8 (8/45)
Ki-67-positive

<75 14 23.7 (14/59)

>75 45 76.3 (45/59)

3DCRT: 3D conformal radiotherapy; IMRT: Intensity-modulated radiotherapy; CCRT: Concurrent chemo radiotherapy; EP: Etoposide-platinum; TP: Paclitaxel-platinum; CgA: Chromogranin
A, Syn: Synaptophysin

Table 2. Progression-free survival and overall survival based on PD-L1 expression in 45 patients with neuroendocrine cervical carcinoma.

Factors Cases 3-year PFS 5-year PFS 3-year OS 5-year OS
PD-L1 PD-L1 P PD-L1 PD-L1 P PD-L1 PD-L1 P PD-L1 PD-L1 P
Positive  Negative Positive ~ Negative Positive  Negative Positive  Negative
Total 45 454 34 0.559 15.1 34 0.897 39.8 413 0.685 39.8 26.6 0.733
Age (years)
<50 22 37.5 36.9 0.933 0 36.9 0.594 338 423 0.402 338 31.7 0.386
>50 23 57.1 315 0.428 57.1 315 0.428 514 40.4 0.721 51.4 20.2 0.721
Histology
Pure 36 41.7 38.4 0.897 20.8 38.4 0.689 37.3 40.9 0.553 37.7 30.7 0.407
Mixed 9 66.7 16.7 0.042 0 16.7 0.194 50 41.7 0.735 50 0 0.441
FIGO stage
I+11 15 83.3 48.6 0.349 41.7 48.6 0.663 0 51.9 0.405 83.3 34.6 0.708
111 26 333 26.5 0.705 0 26.5 0.902 333 40.1 0.395 333 30.1 0.527
v 4 0 0 0.808 0 0 0.808 0 0 0.695 0 0 0.695
Lymph node involvement
No 17 71.4 52.5 0.624 35.7 52.5 0.927 64.3 52.1 0.867 64.3 34.7 0.875
Pelvic or PALN 28 37.5 19 0.421 0 19 0.601 375 38.1 0.72 37.5 28.6 0.881
Number of chemotherapy cycles
<3 18 333 34.1 0.892 0 34.1 0.515 333 35.1 0.703 333 0 0.368
4-6 27 51.3 36.3 0.741 25.6 36.3 0.890 45.7 62.9 0.332 45.7 252 0.636

PALN: Para-aortic lymph nodes; PFS: Progression-free survival; OS: Overall survival

median PFS and OS were 22.0 and 35.0 months, respectively. In Univariate analysis showed that LNM and FIGO stages
addition, 3- and 5-year PFS was 39.8% and 34.1%, and 3- and predicted 3- and 5-year PFS in patients who received definitive RT
5-year OS was 48.0% and 40.2%, respectively. (Table 4). Multivariate Cox regression analysis demonstrated that
The 3-year OS in patients with stages I+1I, [IIA+B, IIIC1, and FIGO stages were independent factors affecting PFS (Table 5).
IIC2 was 60.5%, 57.1%, 26.5%, and 11.1%,respectively; 5-year There were no significant differences in OS and PFS between
OS in these groups was 53.0%, 57.1%, 17.7%, and 10.3%. The pelvic irradiation and EFI. Furthermore, there was no significant
disease stage increased as survival rates decreased (Figure 1). difference in the incidence of para-aortic failure after CCRT or CRT

Advanced-stage NECC (P = 0.011), lymph node metastasis between patients treated with pelvic irradiation or prophylactic
(LNM), and the number of chemotherapy cycles predicted PFS. EFI (P = 0.147) (Table 6).

The 3- and 5-year PFS was 60.5% and 53.0% in stage I+11I, 57.1%
and 57.1% in stage IIIA+B, 26.5% and 17.7% in stage IIIC1, and
11.1% and 11.1% in stage IT1IC2 (Figure 2). The 3- and 5-year PFS NECC is strongly associated with HPV infections [15],
was 39.7% and 27.6% in patients with LNM and 48.7% and 30.1% providing a rationale for studying the molecular characteristics
in patients without LNM, respectively (P = 0.029). The median of NECC. Since the efficacy of CRT for advanced diseases
OS in patients receiving less than four cycles and at least four is low, it is critical to identify biomarkers associated with
cycles of CT was 26.0 and 44.0 months, respectively (P = 0.038); survival, local control, and DM. PD-L1 is highly expressed
moreover, 3-year and 5-year PFS was 34.1% and 25.7% in the in NECC [16,17] and is thus a potential therapeutic target.
former and 46.4% and 40.4% in the latter (Table 3). PD-L1 expression was positive in more than 50% of patients

4. Discussion
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Table 4. Univariate analysis of progression-free survival and overall survival.
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Factors 3-year PFS 5-year PFS 3-year OS 5-year OS
HR (95%CTI) P-value HR (95%CI) P-value HR (95%CTI) P-value HR (95%CTI) P-value

Median age (years)

<50 1 1 1 1

>50 0.860 (0.438 - 1.689)  0.662 0.797 (0.412 - 1.542)  0.501 1.024 (0.487 —2.153)  0.950 1.047 (0.526 —2.083)  0.896
Histology

Pure 1 1 1 1

Mixed 1.567 (0.730-3.363)  0.249 1.699 (0.817-3.530)  0.156 1.361 (0.578 —3.206)  0.480 1.406 (0.632 -3.128)  0.404
FIGO stage

I+ 1 1 1 1

IA+B 1.530 (0.395-5.982)  0.538 1.401 (0.371 -5.295)  0.619 1.340 (0.346 —-5.195)  0.672 1.077 (0.294 -3.940) 0911

HIC1 2.263 (0.929-5.511)  0.072 2.191(0.942-5.094)  0.069 1.419 (0.558 —=3.607)  0.462 1.180 (0.515-2.702)  0.696

1Ic2 4.769 (1.714 - 13.275) ~ 0.003 4.330(1.609 — 11.649)  0.004 1.915 (0.643 —5.702)  0.243 1.832 (0.691 —4.858)  0.224
Lymph node metastasis

No 1 1 1 1

Pelvic or PALN 2447 (1.168 - 5.129)  0.018 2.389 (1.172-4.871)  0.017 1.435 (0.662 - 3.110)  0.360 1.323 (0.656 —2.669)  0.434
Tumor size (cm)

<4 1 1 1 1

>4 1.740 (0.877 —3.450)  0.113 1.873 (0.956 -3.668)  0.067 1.421 (0.672-3.007)  0.358 1.227 (0.618 —2.439)  0.559
Number of chemotherapy cycles

1-3 1 1 1 1

4-6 0.688 (0.331 -1.434)  0.391 0.694 (0.341 - 1.412) 0.314 0.616 (0.267 — 1.422)  0.256 0.687 (0.322 - 1.463)  0.330
PD-L1 expression

Positive 1 1 1 1

Negative 1.519 (0.624 -3.696)  0.357 1.201 (0.530-2.722)  0.661 0.895(0.351-2.281)  0.816 0.926 (0.387 -2.215)  0.863
Ki-67

<75% 1 1 1 1

>75% 0.985(0.453 -2.144) 0971 0.931 (0.442-1.960)  0.851 1.173 (0.492-2.794)  0.718 1.082 (0.497 —2.353)  0.843

PALN: Para-aortic lymph nodes

with SCNEC [18,19]. In turn, Carroll et al. [20] examined
40 specimens from patients with NECC, including SCNEC
(23 cases), LCNEC (five cases), undifferentiated NECC (three
cases), and mixed NECC (nine cases), and showed that only
two (8%) of 25 patients with pure NECC and three (50%) of
six patients with mixed NECC were PD-L1-positive, and all
28 (100%) samples were microsatellite stable. Another study
found that PD-L1 expression was positive in 10% of patients
with NECC [21]. In our cohort, PD-L1 expression was positive
in 37.8% (17/45) of the patients.

The prognostic value of PD-L1 for cervical cancer is
debatable [22,23]. Kim et al. [24] observed that PD-L1
positivity was associated with lower OS in patients with
gastroenteropancreatic neuroendocrine tumors. Chen et al. [18]
evaluated 46 patients with SCNEC and found that recurrence and
mortality in PD-L1-positive patients were lower than in PD-L1-
negative patients (P = 0.048 and 0.033, respectively). Another
study involving 48 cases of SCNEC showed that PD-L1 positivity
was correlated with high survival in SCNEC (P = 0.039) [19].
In patients with mixed histology, we found that positive PD-L1
expression was associated with higher 3-year PFS compared with
negative PD-L1 expression (66.7% vs. 16.7% , P = 0.042).
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Although NECC patients treated with chemoradiotherapy had
satisfactory outcomes, few studies assessed the efficacy of this
type of therapy in NECC patients. NECC has a worse prognosis
than other types of cervical cancer because of the high rates of
early LNM and DM [25,26]. Moreover, prognostic factors of
definitive RT and chemotherapy in locally advanced NECC
patients with stage IB3, ITA2, or IIB-IIIC have not been identified.

There is controversy regarding the effectiveness of radiation
therapy in early-stage NECC [7,27]. Chen et al. [28] reported that
the curative effect of radical surgery was slightly better than that
of RT for stage I-1I patients. However, Ruiz et al. [29] and Hou
et al. [26] observed that RT was as effective as surgery for patients
with early-stage NECC. Patients with late-stage NECC are
successfully treated with RT and chemotherapy [30,31]. A study
based on the SEER database showed that 5-year OS for AJCC
stage III was 28% [25]. In our cohort, 5-year OS was 35.2%,
higher than previously reported (30%) [32]. In addition, 5-year
OS in patients with stage I-ITA and stage IIB-I1Ic2 (LACC) was
56.3% and 42.3%.

LNM is a prognostic factor for carcinoma of the uterine cervix.
Chen ef al. have reported that initial LNM is a poor prognostic
factor for LACC [33]. Yamashita et al. [34] found that PLN and
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Table 5. Multivariate analysis of progression-free survival and overall survival.
Factors 3-year PFS 5-year PFS 3-year OS 5-year OS
HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value

Median age (years)

<50 1 1 1 1

>50 1.479 (0.497 —4.405)  0.482 1.389 (0.490 — 3.938) 0.537 1.173 (0.360 —3.822)  0.792 1.368 (0.438 —4.275)  0.590
Histology

Pure 1 1 1 1

Mixed 1.342 (0.400 — 4.501)  0.633 2.250 (0.733 - 6.907) 0.156 0.495 (0.102 —2.405)  0.383 0.612 (0.163 —2.295)  0.467
FIGO stage

I+11 1 1 1 1

MIA+B 1.386 (0.227 — 8.462)  0.724 1.212 (0.211 — 6.948) 0.829  1.826(0.252-13.240) 0.551  1.713(0.259-11.340) 0.577

IC1 3.948 (1.103 — 14.130)  0.035 3.412(1.044 - 11.152) ~ 0.042  3.446 (0.814 —14.589) 0.093 2.265 (0.635-8.079)  0.208

1c2 6.427 (1.116 —36.997)  0.037 5.231(1.044-26.218)  0.044  2.832(0.323-24.837) 0.347  2.400 (0.384 —14.989)  0.349
Tumor size (cm)

<4 1 1 1 1

>4 0.927 (0.287-2.997)  0.899 1.162 (0.382 —3.532) 0.792 0.739 (0.206 —2.653)  0.643 0.573 (0.173 - 1.901)  0.363
Number of chemotherapy cycles

1-3 1 1 1 1

4-6 0.639 (0.205-1.994)  0.441 0.614 (0.198 — 1.902) 0.398 0.258 (0.057-1.172)  0.079 0.376 (0.093 - 1.526)  0.171
PD-L1 expression

Positive 1 1 1 1

Negative 1.061 (0.344-3.268)  0.918 0.878 (0.299 — 2.578) 0.813 0.430 (0.121 - 1.532)  0.193 0.453 (0.136 - 1.501)  0.195
Ki-67

<75% 1 1 1 1

>75% 1.131 (0.323 -3.968)  0.847 0.819 (0.253 —2.653) 0.740 0.897 (0.208 —3.876)  0.938 1.330 (0.241 —3.653)  0.926
HR: Hazard ratio; CI: Confidence interval
Table 6. Para-aortic failure after pelvic irradiation and prophylactic extended-field irradiation.
Pelvic lymph node Pelvic irradiation Prophylactic extended-field irradiation P-value

Cases Para-aortic failure Failure rate Cases Para-aortic failure Failure rate

Yes 14 6 22.2% (6/27) 10 1 4.2% (1/24) 0.172
No 13 1 3.7% (1/27) 14 1 4.2% (1/24) 1.000
Total 27 7 25.9% (7/27) 24 2 8.3% (2/24) 0.147

PALN status significantly affected survival, and PALN metastasis
was the most important prognostic factor for LACC. Similarly,
for neuroendocrine tumors of the uterine cervix, PALN metastasis
was associated with poor survival [35]. In our cohort, univariate
analysis showed that LNM and FIGO stages predicted 3-and 5-year
PFS, and multivariate Cox regression analysis demonstrated that
FIGO stages predicted 3-and 5-year PFS in patients treated with
definitive RT.

Pelvic RT combined with prophylactic EFI can reduce the
incidence of para-aortic failure in patients without positive PALN
on imaging. However, whether prophylactic EFI can reduce para-
aortic failure in patients with cervical cancer is unknown [36].
Hoskins et al. [30] analyzed 31 cases of SCNEC, including
17 patients treated with CCRT and EBRT (PLN plus or minus
PALN) and 14 treated with CCRT combined with the routine
irradiation of PALNSs. The outcomes of the two irradiation methods
were similar: 3-year OS and failure-free survival were 60% and

57%, respectively. In our cohort, metastasis to PALNs alone
after treatment occurred in one case, and metastasis to PALNs
associated with LN metastasis in other sites or hematogenous
metastasis occurred in nine cases. Prophylactic EFI did not
significantly improve PFS and OS, irrespective of PLN metastasis.
Nonetheless, larger clinical trials are needed to assess the efficacy
of prophylactic EFT in NECC.

Zivanovic et al. [37] support the use of chemotherapy for distant
control and radiation therapy for the local control of SCNEC. In
chemoradiotherapy for patients with stage 1IB-IVB SCNEC, at
least five cycles of primary chemotherapy with etoposide and
platinum were associated with significantly higher 5-year disease-
free survival (42.9% vs. 11.8%, P = 0.041) and OS (45.6% vs.
17.1%, P = 0.035) than fewer cycles. In addition, more than five
cycles of CCRT and EP therapy were associated with higher
S-year disease-free survival (62.5% vs. 13.1%, P = 0.025) and
OS (75.0% vs. 16.9%, P =0.016) [38]. Ishikawa et al. [35] found
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that less than four cycles of chemotherapy were associated with
lower OS in patients with cervical neuroendocrine tumors. In our
cohort, compared with less than four cycles of chemotherapy, four
or more cycles were associated with significantly higher 3-year
PFS (46.4% vs. 34.1%) and 5-year PFS (40.4% vs. 25.7%) and
significantly higher 3-year OS (57.6% vs. 31.6%) and 5-year OS
(48.6% vs. 25.2%).

This study has limitations. First, the small number of cases
with a complete follow-up, the single-center design, and changes
in the treatment plan and FIGO staging during the study period
(2009 — 2020) may have caused bias in selection, implementation,
and measurements. Second, the retrospective design did not allow
assessing the clinical effects of anti-PD-L1 therapies in NECC.
Third, immunohistochemistry has a limited ability to detect PD-
L1 because of the heterogeneity of PD-L1 expression in tumor
specimens.

5. Conclusion

Positive PD-L1 expression was associated with higher 3-year
PFS in patients with mixed histology. RT for patients with early
NECC has the same effect as surgery and is effective for treating
locally advanced disease. Four or more cycles of chemotherapy
are more effective than a smaller number of courses. Prophylactic
EFI did not significantly improve PFS and OS. Nonetheless, the
effects of prophylactic EFI should be further studied.
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