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Abstract. Peripheral primitive neuroectodermal tumors
(pPNETs) are rare, small cell carcinomas with a poor prog-
nosis. The aim of the present study was to describe therapeutic
approaches, outcomes and probable prognostic factors. The
clinical features, treatments, and outcomes of 89 consecutive
patients with pPNET treated at the Peking Union Medical
College Hospital from 1999 to 2018 were retrospectively
reviewed. A total of 43 males and 46 females were included in
the study, with a median age of 25 years (range, 5-73 years). The
predominantly affected regions were the abdomen and pelvis,
followed by the thoracopulmonary region. The mean primary
tumor size was 12.6 cm (range, 1-30 cm). A total of 16 patients
(18%) initially presented with metastasis. A total of 46 patients
received combined therapy, 35 received mono-therapy, and
8 underwent only biopsy with no further treatment. The period
of observation ranged from 1-232 months. The median overall
survival (OS) time was 15 months [95% confidence interval
(CI), 9-21 months], with 3- and 5-year OS rates of 32 and 25%,
respectively. Large tumor size [adjusted hazard ratio (aHR)=3.65;
95% CI, 2.07-6.42; P<0.001), metastasis at initial presenta-
tion (aHR=4.34, 95% CI, 2.23-8.42; P<0.001), and combined
modality treatment (aHR=0.16, 95% CI, 0.06-0.39; P<0.001)
were significantly associated with OS. The prognosis of pPNET
is, overall, poor. Large tumor size and metastasis at initial
presentation are associated with poorer outcomes. This highly
malignant tumor requires an aggressive combination of radical
resection, chemotherapy and radiotherapy, when indicated.
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Introduction

Primitive neuroectodermal tumors (PNET) are a rare, aggres-
sive variant of small round cell carcinomas, primarily arising
from neural crest cells. PNETs can be subdivided into central
or peripheral (pPNET) types (1). pPNETs arise anywhere in
the bone and soft tissues outside the central and sympathetic
nervous system (2). They occur more frequently in adolescents
and young adults with a slight male predominance, accounting
for 4% of childhood and adolescent malignancies (3).

According to the World Health Organization, pPNETs,
classic Ewing's sarcoma, and extraskeletal Ewing's sarcoma
constitute the Ewing's sarcoma family of tumors. These
tumors are defined by specific chromosomal abnormali-
ties, primarily the t(11,22)(q24,12) translocation (4). Ewing's
sarcoma and pPNET represent a spectrum of neuroectodermal
differentiation, ranging from the least differentiated (Ewing's
sarcoma) to the most differentiated (pPNET) (5). pPNETs may
be distinguished from Ewing's sarcoma based on histological
presentation and the expression of neural markers.

Histologically, pPNETs are comprised of small, round,
darkly-stained cells possessing hyperchromatic nuclei,
with a high mitotic rate (6). pPNETs may be confused with
other small, round cell tumors, such as embryonal rhabdo-
myosarcoma, neuroblastoma or lymphoma. The presence
of rosettes, particularly the typical Homer-Wright rosettes,
indicates neural differentiation and aids in the diagnosis of
pPNET (7). Immunohistochemically, 90-100% of patients
with pPNET are positive for CD99, the fusion gene product,
which is a specific marker (4). Additional neural markers
include neuron specific enolase, synaptophysin, chromo-
granin, neurofilament and S-100. In addition, electron
microscopy of neurosecretory granules with microtubules
and microfilaments are also supportive of a neural pheno-
type (7). The positive expression of at least 2 neural markers
and/or Homer-Wright rosette formation is necessary for the
diagnosis of pPNETs (8).

The actual incidence of pPNET is difficult to estimate due
to its rarity. The majority of associated studies are case reports
and clear diagnostic criteria have only recently been estab-
lished (9). The estimated incidence of PNET is 2.9 per million
per year (10). Due to its low incidence, there are presently no
evidence-based guidelines for treatment. Despite the various
treatments available, pPPNETs maintain a poor prognosis.
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The present study comprised a retrospective analysis of
all 89 patients with pPNET that were treated at Peking Union
Medical College Hospital between January 1999 and December
2018, and comprehensively reviewed the literature to investigate
clinical course, therapeutic approaches, and prognostic factors.

Patients and methods

Patients. A total of 89 patients with histologically diagnosed
pPNET, hospitalized in Peking Union Medical College Hospital
from January 1999 to December 2018, were retrospectively
analyzed. The diagnoses of all cases were made by an experienced
pathologist based on specimens obtained by surgery or biopsy,
with the characteristic histology of a small, round cell tumor
with formation of Homer-Wright rosettes, CD99 positivity, and
markers of neuroepithelial differentiation. Cytogenetic evalu-
ation for translocation t(11,22) (q24,12) was rarely performed
(1/89) in this cohort. The date of diagnosis recorded for each
patient was the date of the earliest tumor biopsy from which the
diagnosis was confirmed by local pathology review. Follow-up
ended in March 2019. The study was approved by the Ethics
Committee of Peking Union Medical College Hospital. Due to
the retrospective nature of the study, the requirement for written
informed consent was waived.

Clinical review. The primary site and size of the tumor, lymph
node metastasis, distant metastasis, treatment details, and sex
and age of the patient were evaluated by reviewing clinical
records, imaging studies and surgical reports. Patients with
insufficient data and those lost to follow-up were excluded
from the review. Disease control intervals, survival and sites
of relapse or metastasis were also assessed.

Statistical analysis. A database of all patients in the review
was compiled and analyzed using SPSS v.21 software (IBM
Corp.). Overall survival (OS) and progression-free survival
(PFS) were calculated using the Kaplan-Meier method and
compared using the log-rank test. OS was calculated from the
date of diagnosis until the date of mortality or last follow-up.
PFS was defined as the interval from diagnosis to disease
progression, relapse, mortality, or last follow-up. A univariate
Cox regression hazard model analysis assessed any predictors
of outcome. Factors with significance (P<0.1) were taken into a
stepwise multivariate Cox regression analysis, and the hazard
ratios (HRs) and relevant 95% confidence intervals (CIs) were
adjusted for age, sex, tumor size, tumor location, lymph nodes
metastasis, distant metastasis and treatment strategies. P<0.05
was considered to indicate a statistically significant difference.

Literature review. A comprehensive review of pPNET literature
was undertaken using the PubMed (https:/www.ncbi.nlm.nih.
gov/pubmed) database for articles published in any year prior
to December 2018, using the MeSH terms ‘Neuroectodermal
Tumors’, ‘Primitive’ and ‘Peripheral’. Additionally, the refer-
ence lists of associated articles were also screened to identify
any potentially relevant studies. All relevant English language
were retrieved and analyzed. Only studies with at least
10 patients were included and additional papers were identified
from the citations in the retrieved articles. A total of 17 studies
were selected for inclusion.
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Table I. Demographic and clinical characteristics of the
89 patients with peripheral primary neuroectodermal tumors.

Characteristics No. of patients %
Age, years

Range (median) 5-73 (25)

<20 32 360

=20 57 64.0
Sex

Female 46 51.7

Male 43 48.3
Anatomical location

Thoracopulmonary 25 28.1

Abdomen/pelvic 41 46.1

Paravertebral 7 79

Head and neck 7 79

Extremities 9 100
Size of primary tumor, cm

Range (mean) 1-30 (12.6)

<10 44 494

>10 45 50.6
Lymph node metastasis

No 72 80.9

Yes 17 19.1
Distant metastasis

No 73 82.0

Yes 16 18.0
Site of metastasis

Lung 4 45

Bone 2 23

Liver 2 23

Adrenal gland 1 1.1

Central nervous system 1 1.1

Multiple site 6 6.7
Therapy

No 8 90

Mono-therapy 35 393

Combined 46 51.7
Results

Clinical presentation. From 1999 to 2018, 89 patients with
pPNET were treated at Peking Union Medical Hospital. All
patient characteristics are summarized in Table I. There were
43 males and 46 females, with a male: Female ratio of 0.93.
A wide range of ages were affected. The median age at diag-
nosis was 25 years (range, 5-73 years). The mean tumor size
at diagnosis was 12.6 cm (range, 1-30 cm) and the abdominal
and pelvic region (46%) was the predominant primary tumor
location, followed by the thoracopulmonary area (28%).
Lymph node and distant metastases occurred in 17 (19%) and
16 patients (18%), respectively. Bone and lung tissues were the
most common sites of distant metastasis.
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Table II. Univariate and multivariate risk factors for mortality among patients with peripheral primary neuroectodermal tumors.

Univariate analysis (n=89)

Multivariate analysis (n=89)

Characteristics HR (95% CI) P-value aHR (95% CI) P-value
Age, years

<20 1.00 - -

>20 1.90 (1.08-3.32) 0.025 - -
Sex

Female 1.00 - - -

Male 1.39 (0.84-2.31) 0.200 - -
Tumor size, cm

<10 1.00 - 1.00 -

>10 2.54 (1.50-4.30) 0.001 3.65 (2.07-6.42) <0.001
Location

Thoracopulmonary 1.19 (0.47-2.98) 0.714 - -

Abdomen/pelvis 1.11 (0.46-2.67) 0.825 - -

Paravertebral 1.25 (0.38-4.11) 0.712 - -

Head and neck 0.29 (0.06-1.45) 0.133 - -

Extremities 1.00 - - -
Lymph nodes

No 1.00 - - -

Yes 1.37 (0.75-2.50) 0314 - -
Metastasis

No 1.00 - 1.00 -

Yes 3.98 (2.16-7.32) <0.001 434 (2.23-8.42) <0.001
Therapy

No 1.00 - 1.00 -

Mono-therapy 0.38 (0.17-0.86) 0.019 0.67 (0.28-1.59) 0.358

Combined 0.12 (0.05-0.29) <0.001 0.16 (0.06-0.39) <0.001

CI, confidence interval; HR, hazard ratio; aHR, adjusted hazard ratio.

Treatment. Various treatment strategies were adopted.
Combined therapy was administered in 46 patients (52%),
35 received mono-therapy and 8 received biopsy only, with
no further treatment. A total of 52 patients received combi-
nation chemotherapy in their primary treatment plan. The
most commonly used chemotherapy strategy was cincristine,
actinomycine, cyclophosphamide and doxorubicin, with
ifosfamide and etoposide. Chemotherapy was administered
on a 21-day schedule with a planned total of 17 courses.
Surgery/radiotherapy was adopted for local control. A total
of 70 patients (79%) received surgery, among which 45
achieved wide resection with negative surgical margins. A
total of 38/70 patients also underwent lymph node dissection
at the same time, and 13 were positive for lymph node metas-
tases. An additional 3 patients who were diagnosed with
lymph nodes metastases based on imaging studies received
chemotherapy, biopsy only, and subtotal resection without
lymph node dissection, respectively. A total of 19 patients
(21%) received radiotherapy, including 3 with lymph node
metastases and 1 with prostate pPNET with lung metas-
tasis. A total of 10/19 patients obtained negative margins,
6 patients underwent subtotal resection, 1 patient received

chemoradiotherapy following biopsy, and the remaining
2 patients were treated with radiotherapy alone. The doses
ranged from 15.4-60 Gy, delivered 5 times per week in a
1.8-2.0 Gy/fraction.

Survival and prognostic factors. The follow-up time ranged
from 1-232 months with a mean of 30 months (median,
13 months). All mortalities were caused by the disease and no
secondary tumors occurred. The median OS duration of the
entire group was 15 months (95% CI, 9-21 months) and the
median PFS was 10 months (95% CI, 7-13 months). The esti-
mated 3-year OS rate was 32% and the 3-year PFS was 23%.
Patients with tumor size <10 cm exhibited an improved
OS compared with those whose tumor was >10 cm (P<0.001).
All patients with distant metastasis succumbed to the disease,
corresponding to a 1-year survival rate of 25%, compared with
62% for patients with localized disease. Treatment strategy
was strongly associated with outcome. The median OS for
patients with combined therapy was 38 months (95% CI,
19-57 months), compared with 9 months for mono-therapy
(95% CI, 5-13 months), and 4 months for patients with no
therapy (95% CI, 1-7 months). Younger patients (<20 years)



GAO et al: PERIPHERAL PRIMITIVE NEUROECTODERMAL TUMORS

6888

"TBAIAINS 931 ASBISIP ‘S [BAIAINS [[BIOAO ‘SO {Po110da1jou ‘YN (sIeak ‘A {Syjuow ‘w <SIse)seiowt ‘A ssopou ydwA] ‘N ‘o[ewia] ¢ oreut ‘]

%TE=SO Teak-¢ 8/SE/9% 91 Ll 6/L/ILITY/ST 97l 14 17494 68  Apmsjudsald

(4] BE €€=SO Teah-] 1Z40%3 AN AN 0/0//0/81/0 L 9¢ €/S1 81 LT0T
(29} %TS=SO 18Ak-1 AN 0 € CL/9/v/19/8 I'8 0¢ -ueaN 11/5¢T 9¢ ¥10¢
(€2) %T8=SA( 1edk-G 0/0/€¢ 0 % /0/0/0/0/€¢ UN g6c 6/71 194 €1oc
(4] %6 LE=S0 Tedk-g 0/LT/LS LC AN 0/0/0/0/¥8 6 ‘UBIPIN Sl §e/6S 78 €1oc
(1) %96=S0 183Ak-¢ 0/€/C¢ AN AN 0/0/0/0/5C (44! CLT -UesN or/st 14 600C
(00) %09=S0 183k-¢ AN ¥ [4 /0/0/0/91/0 0! LT 9/01 91 800C
(61) %89=S0 1834-¢ 0/1/C1 I AN 0/0/9/¢/S AN Sl S/8 ¢l 100¢
(81) %Tr=S0O AN ¥ AN <9vIv/01 AN I SI/TI 9¢ 8661
Ln W g 0r=SO UBIPIN 0/0/L1 9 I S/elC/9N UN 8'CI 6/8 LT 9661
oD %S9=S0 Teak-g AN 8 AN AN € YO 0/T1/4/0/8 AN 8 6=UBN [4%4! 9¢ co61
(9] %12=(0N) SO Tea4-g AN I AN AN T *1/5/0/2T/ST (Ire) < L1 [ AZARS 12 1661
® %9E=SA( 1edLk-¢ AN IT°0/1/4C AN AN AN T *8/1/0/6/L1 urejraoup) ¢Sl el/ec 9¢ 1661
((20) W [Z=SO UeIpa]N 0/¢/ve 91 AN S/0/0/v1/L AN 4! L1/ST 9¢ 6861
(€1 %YE=S0 18A-¢ 0/1/6 € AN 6/1/0/0/0 88 9ce [ 01 6861
@D %9S=(0) SAQ Tek-¢ (0D 0/€/6T 0T AN 8/v/0/9/¥C AN Sl v1/8¢ (44 8861
an w L1=S0O UeIp3a]N AN ¥ 0/1/C1 9 AN €/¢/0/T/TT AN 01 8/6 L1 c86l
(on %9€=SO 184-T AN S AN 6//1/1/C 8’8 Ic 01/8 Sl €861
('syy) [BATAINS (oujouow/paurquiod) N N1 (sonruanxa/yoau pue W “Ueall ‘9ZI§ K ‘uerpowr ‘a3y A/ sjuoned  woneorqnd
JuouIILAL], peay/[eigalaaered/siaad pue ‘x9S Jo 'ON JO TeOX

uawopqe/Areuowrndooeioyy)

UoneO0|

*$9sED Jown) [eurropojodoinou Arewnid reroydriad ] 3se9[ Je Jo Sunsisuod sorres paysiiqnd Jo mo1AdYy ‘[] 9[qBL



ONCOLOGY LETTERS 18: 6885-6890, 2019

exhibited an improved prognosis (P=0.025), but neither sex nor
lymph node metastasis had any significant effect on survival.
The univariate and multivariate Cox regression analyses of
the effect of possible prognostic factors on OS for all patients
is summarized in Table II. Large tumor size [adjusted HR
(@aHR)=3.65; 95% CI 2.07-6.42; P<0.001), distant metastasis
at presentation (aHR=4.34; 95% CI, 2.23-8.42; P<0.001) and
combined modality treatment (aHR=0.16; 95% CI, 0.06-0.39;
P<0.001) were significantly associated with overall survival.

Discussion

Our review of the literature revealed 17 pPNET report series.
The clinical features, treatments and outcomes of the reported
patients, as well as the 89 in the present study, are summarized
in Table III (8,11-26).

According to the review conducted in the present study,
pPNET affects all age groups, particularly adolescents and
young adults, although certain studies restricted inclusion
to young patients (12,15,17,19). The median age ranged from
1 (19) to 36 (25) years. A male preponderance was described in
14 studies (8,12-17,20-26). Nevertheless, there were a compa-
rable 43 males and 46 females in the present study.

Diagnosis of pPNETSs requires positive expression of at
least 2 neural markers and/or Homer-Wright rosettes (8). In the
patient cohort in the present study, all patients were positive
for at least 2 neural markers, with a CD99 positivity of 93%.

Thoracopulmonary tumors were more frequently observed
in previously published studies, while the predominant location
of pPNETs in the present study was the abdominal/pelvic region.

Peripheral PNETSs are generally large, soft tissue masses
with a reported mean diameter >5 cm, as confirmed by
the reviewed studies that investigated primary tumor
size (11,14,16,21,22,25,26). Tumor bulk was the single most
important prognostic factor, with 80% survival among patients
with smaller primary tumors (<100 ml), compared with only
40% survival among those with larger tumors (>100 ml) (27).
The present study confirmed that the prognosis of patients with
a tumor size >10 cm was significantly poorer compared with
those with a tumor size <10 cm (aHR=3.65; 95% CI,2.07-6.42;
P<0.001). The 3-year OS rates for the two groups were 45 and
20%, respectively.

A substantial proportion of patients presented with distant
metastasis at diagnosis (11,12,14,15,17,18,23). In the present
study, all patients (n=16; 18%) with metastasis succumbed to
the disease during the follow-up period, corresponding to a
1-year survival of 25%, compared with 62% for patients with
localized disease. In the analysis of the present study, the loca-
tion of metastasis at diagnosis was primarily the lungs and
bones, which is consistent with previous studies (13,14,17,25).

The rarity of pPNET makes it difficult to ascertain optimal
management for these patients. However, improved outcomes
are associated with more aggressive, combined modality treat-
ments. In the present study, the median OS for patients with
combined therapy was 38 months (95% CI, 19-57 months)
compared with only 9 months (95% CI, 5-13 months) for
mono-therapy and 4 months (95% CI, 1-7 months) for patients
with no therapy. Notably, the multivariate Cox regression
analysis indicated that the outcome of patients with single
modality treatment was not statistically different compared
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with that of patients receiving no treatment, indicating that
single modality treatment is insufficient for the control of
aggressive tumors like pPNET.

Surgical tumor resection with negative margins is an impor-
tant priority for localized control and has been demonstrated
to result in improved OS (2). Further, additional postoperative
radiotherapy may control local disease for incomplete excisions
and close tumor margins (28). However, the role of radiotherapy
alone as a primary local treatment remains controversial. Even
if the disease is controlled by complete resection, the meta-
static spread may have already occurred. Aggressive treatment
strategies, like combining systemic chemotherapy with
surgery/radiotherapy, offer the best results. Since the 1980s,
preliminary studies have suggested that the chemotherapeutic
agents vincristine, ifosfamide, cyclophosphamide and doxo-
rubicin are optimal for the treatment of metastatic Ewing's
sarcoma. Likewise, identical chemotherapeutic strategies were
performed on pPNETs to achieve improved survival rates (29).
Generally, chemotherapy is administered as a neo-adjuvant or
adjuvant therapy. Preoperative chemotherapy downstages the
tumor in a majority of patients, thereby increasing the prob-
ability of achieving complete resection with microscopically
negative margins, thereby decreasing the risk of intraoperative
tumor cell dissemination (20,30). Adjuvant chemotherapy,
with or without radiotherapy, is recommended, regardless of
surgical margins, following local treatment.

While previous studies have described similar results, the
sample sizes of these previous studies were relatively small and
the information was usually not sufficiently comprehensive.
To the best of our knowledge, the present study included the
largest sample size at present. Even though the present study
was retrospective, increasing sample size may further decrease
the statistical deviation, providing more reliable results.

In conclusion, pPNET is a highly aggressive tumor with a
poor prognosis. Large tumor size and metastasis at primary
presentation are associated with poorer outcomes. Combined
treatment strategies, consisting of surgery, chemotherapy
and radiation, remain controversial. The best combination
of chemotherapy remains to be explored. Larger studies are
required to confirm the results of the present study.
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