
Table 1 Mean CT values and precision data of rtPCR and BD-Max assays

PCR target Platform Mean CT at each dilution (CFU/mL) Intra-assay Inter-assay

108 106 103 10 0.1 0.01 SD CV SD CV

B. pertussis IS481 rtPCR 12.97 22.62 25.53 33.69 34.51 35.28 1.38 5 3.74 5.04
BD-Max 10.3 18.7 24.2 21.4 29.3 31 1.68 6.91 1.89 6.93

B. holmesii IS481 rtPCR 12.43 17.98 19.9 28.82 30.16 36.62 ND ND ND ND
BD-Max 16.4 29.4 24.9 29.35 36 33.4 ND ND ND ND

B. holmesii hIS1001 rtPCR 11.54 17.66 23.76 36.84 37.87 37.03 0.02 0.1 0.02 0.09
BD-Max 12.6 20.4 23.8 29.7 36.7 0 1.81 7.61 1.8 3.83

B. parapertussis pIS1001 rtPCR 33.23 36.5 37.84 38.29 40 0 1.19 3.07 1.09 2.81
BD-Max 15.8 21.2 25.3 30.5 30.9 0 1.2 4.74 0.25 2.37

B. bronchiseptica IS481 rtPCR 12.07 18.75 22.6 26.92 28.05 35.46 ND ND ND ND
BD-Max 22.3 32.1 32.8 28.6 32.95 36.1 ND ND ND ND

CFU, colony forming units; CV, co-efficient of variation (%); ND, not performed as these assays were not compared given low diagnostic value; SD, standard
deviation.
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This measure was higher than the intra- and inter-assay
variability of the rtPCR.
Our findings demonstrated comparable performance of the

rtPCR and BioGX BD-Max assays for the detection of
B. pertussis, B. holmesii and B. parapertussis. Both assays
were very sensitive in detecting B. pertussis and B. holmesii.
The BioGX BD-Max assay was efficient and easy to use,
however the rtPCR demonstrated higher specificity when
detecting other Bordetella species. Further, the difference in
cost per reportable analysis between the two assays was
$21.30 for the BD-Max and $15.60 for the rtPCR which is an
important consideration. These assays enable differentiation
between relevant pathogenic species of Bordetella and
improve the accuracy of public health notifications for
pertussis.
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Malignant gastrointestinal

neuroectodermal tumour (GNET):
neural mesenchymal tumours of
the gastrointestinal tract with
striking histology and EWSR1 gene
rearrangement
Sir,
Malignant gastrointestinal neuroectodermal tumours (GNET)
are rare primitive mesenchymal neoplasms of the tubular gut
previously considered to be gastrointestinal manifestations of
soft tissue clear cell sarcomas (CCS). While both entities
share a recurrent balanced translocation profile involving the
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Ewing sarcoma breakpoint region 1 (EWSR1) gene on
chromosome 22 and the presence of a clear cell component
on histology, there are distinctive morphological and immu-
nophenotypic features which distinguish the two. In this
report, we present a small bowel GNET case and review the
literature regarding these unusual mesenchymal neoplasms.
A 53-year-old male presented with sudden onset acute

abdominal pain. His background was unremarkable apart
from epilepsy which was well controlled on medication and
mild intermittent periumbilical discomfort of one year dura-
tion, for which he underwent endoscopic evaluation which
detected no abnormality. Imaging by computed tomography
revealed a small bowel mass with significant extramural
heterogeneous inflammation suspicious for abscess forma-
tion, and mild proximal bowel dilatation suggestive of partial
obstruction. His blood and clinical biochemistry results were
within normal limits (including serum tumour markers
CA125, CA19.9 and CEA). He was hospitalised for a short
course of intravenous antibiotics with symptomatic
improvement. The patient was discharged and underwent an
elective laparoscopic exploration with segmental small bowel
resection two months later.
The surgical specimen comprised a segment of small bowel

with a 30 mm partly stenotic annular tumour involving much
of the bowel wall (see Fig. 1). No significant lymphadenopathy
was noted macroscopically. Haematoxylin and eosin (H&E)
sections revealed a tumour composed of ovoid/epithelioid and
spindled cells arranged in geographic sheets with part pushing
and part infiltrating borders. There was transmural involve-
ment including the mucosa, submucosa, muscularis propria
and subserosa. There was patchy intratumoural necrosis with
mitotic activity numbering up to 10/10HPF.
The spindle cells were predominantly arranged in

sweeping and variably intersecting fascicles, however a
range of architectural patterns were observed in the ovoid/
epithelioid cell areas, including pseudopapillary, pseu-
doalveolar and microcystic change. Focal clear cell change
(mainly in areas with microcystic change) and abortive
rosette formations were noted. Intra-tumoural multinucleate
giant cells were not identified. A mesenteric lymph node
showed a subcapsular metastatic deposit with identical
histomorphology to the main tumour. The histological fea-
tures are presented in Fig. 2.
On immunohistochemistry, the tumour cells showed strong

diffuse expression of S100 (cytoplasmic only), SOX10 and
CD56. Synaptophysin was patchy and of weak to moderate
Fig. 1 Segmental small bowel resection specimen post formalin fixation. The annular t
extension into mesenteric adipose tissue.
intensity, while chromograninA was negative. HMB45,
melanA, CD34, DOG1, SMA, desmin, CD31 and cytoker-
atins AE1/AE3 and CK8/18 (CAM5.2) were negative.
In view of the striking histology, neural immunophenotype

and absence of melanocytic differentiation, a provisional
diagnosis of GNET was rendered. Our list of diagnostic
differentials included an unusual gastrointestinal stromal
tumour (excluded by the lack of CD117 and DOG1 expres-
sion), metastatic melanoma or soft tissue clear cell sarcoma
(excluded by absence of melanocytic differentiation on
immunohistochemistry), and malignant peripheral nerve
sheath tumour (unlikely given the overall strong diffuse
expression of neural markers and distinctive histology). A
representative tumour block was submitted for interphase
fluorescent in situ hybridisation, where EWSR1 gene rear-
rangement was confirmed in a significant number of tumour
cells (>50%) using the Vysis EWSR1 break-apart probe.
GNETs were previously known as clear cell sarcoma-like

tumour (with osteoclast-like giant cells1) of the gastrointes-
tinal tract given their overlapping histological, immunophe-
notypical and molecular features with soft tissue clear cell
sarcomas. Unlike the soft tissue sarcomas, however, mela-
nocytic differentiation is consistently absent. In their
seminal case series, Stockman and colleagues demonstrated
the presence of dense secretory core granules by electron
microscoscopy, a characteristic neural/neurosecretory
phenotype.2 Melanosome bodies were not identified. The
authors postulated that GNETs arise from neural crest pro-
genitor cells of the gastrointestinal tract autonomic system.
This primitive lineage may explain in large part the spectrum
of histology seen in these tumours, including neural rosette-
like structures.
Rarely, GNET may show patchy oncocytic change, a po-

tential diagnostic pitfall. Boland et al. recently described a
GNET in the stomach of a 49-year-old woman which was
initially misdiagnosed as malignant granular cell tumour on
biopsy due to striking oncocytosis of the neoplastic cells.3

The subsequent resection specimen revealed more conven-
tional GNET areas.
GNETs and CCS share a recurrent balanced translocation

involving EWSR1 on chromosome 22 and one of either
partners: cAMP dependent activating transcription factor 1
(ATF1) on chromosome 12 or less commonly, cAMP
responsive element binding protein 1 (CREB1) located on
chromosome 2.4,5 The resulting chimaeric fusion proteins
are postulated to activate downstream genes such as
umour displayed firm tan cut surfaces and showed transmural involvement with



Fig. 2 Tumour cells involved the mucosa, submucosa and small bowel wall with part pushing and infiltrating borders (A,B). The component cells were spindled (C,D)
and ovoid/epithelioid where a spectrum of growth patterns including pseudoalveolar (E), pseudopapillary (F) features were seen. Abortive rosette-like structures were
noted (G), and focal clear cell change was present (H).
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Microopthalmia transcription factor 1 (MiTF1) which drive
melanocytic phenotypic differentiation and survival. The
absence of a melanocytic immunophenotype in GNETs
(despite sharing these molecular translocations) suggests
additional molecular alterations which may be unique to, and
further define, GNETs. As the EWSR1-ATF1 gene fusion can
also be found in a variety of unrelated soft tissue tumours,
such as hyalinising clear cell sarcoma of the salivary gland6

and angiomatoid fibrous histiocytoma7 (where EWSR1-
CREB1 gene fusion is also detected), molecular testing
should always be performed in the context of anatomical
pathology considerations.
The published literature on GNET remains sparse. In the
case series by Stockman et al., six of twelve patients were dead
with disease two-and-a-half years after initial diagnosis, with
the remainder alive with metastatic disease. A recent descrip-
tion of a clinically indolent rectal GNET (after 10 years of
follow-up post-curative resection) exists, although the authors
note that only w2% of neoplastic cells showed EWSR1 gene
rearrangement.8 Our patient is being managed expectantly and
remains alive without radiological evidence of disease recur-
rence at the time of writing six months after surgery.
In summary, we describe a rare case of GNET of the small

bowel in an adult male presenting with an acute abdomen due
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to tumoural obstructive symptoms. His clinical history was
unremarkable for malignancy. GNETs occur in young to
middle aged adults without a gender predilection. They are
composed of varying proportions of spindled and ovoid/
epithelioid cells which can show a spectrum of histological
architectural features in the epithelioid component. Multi-
nucleate giant cells are variably present, clear cell change
may be focal, and oncocytosis may rarely be seen. The
immunophenotype is neural, melanocytic differentiation is
absent, and there is consistent detection of EWSR1 gene
rearrangement with fusion partners ATF1 or CREB1 by in situ
hybridisation. GNETs are postulated to arise from primitive
neural crest progenitor cells of the gastrointestinal tract
autonomic nervous system. The prognosis appears poor,
although published data with follow-up information is scant,
given the rarity of this disease.
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Androgen receptor

immunoexpression in
triple-negative breast cancers: is it
a prognostic factor?
Sir,
Breast cancer is a heterogenous group of carcinomas with
distinct clinical outcomes and therapeutic paradigms
depending on their specific molecular profiles. Triple nega-
tive breast cancers (TNBCs) exhibit aggressive behaviour
and are defined by the absence of oestrogen receptor, pro-
gesterone receptor and human epidermal growth factor 2
(HER2) overexpression. TNBCs display diverse molecular
phenotypes with differing clinical characteristics and have
recently been refined into four molecular subtypes: basal-like
1, basal-like 2, mesenchymal, and luminal androgen receptor-
like (LAR).1 Because TNBCs have less favourable outcomes
and lack specific targeted therapy, there have been increasing
efforts to identify potential prognostic and predictive markers
in TNBCs.
Many breast cancers express androgen receptor (AR) and

there has been recent interest in the role of AR as a potential
biomarker in TNBCs. Approximately 10e35% of TNBCs
express AR2,3 when using a threshold of 10% nuclear stain-
ing by immunohistochemistry (IHC). AR expression has
been demonstrated to confer an improved outcome in ER
positive breast cancers and has been shown to be associated
with smaller tumour size, lower clinical stage and lower
mitotic score.2,4e6 However, the role of AR in TNBCs is less
clear. Some studies have suggested AR expression is asso-
ciated with a favourable outcome in TNBCs3,5,6 including
response to anti-androgen therapy such as enzalutamide.7

However, other studies have found no difference8 or even a
negative prognostic impact of AR expression, with increased
mortality and poorer outcomes in ER negative breast can-
cers.9 Therefore, we sought to investigate the clinical and
pathological associations of AR expression in a large unse-
lected cohort of Australian patients with TNBC.
A tissue microarray (TMA) of consecutive primary triple

negative breast carcinoma cases reported at Department of
Anatomical Pathology, Royal North Shore Hospital, Sydney,
was used. These cases had undergone resection between 2005
and 2015. Metastases, core biopsy specimens and cases
occurring in males were excluded. The TMA contained two 1
mm cores from each tumour. Androgen receptor immuno-
histochemistry was performed using a commercially avail-
able rabbit polyclonal antibody (clone SP107; dilution 1/50,
after heat induced antigen retrieval in an alkaline retrieval
solution; Cell Marque, USA).
Greater than or equal to 10% nuclear staining was classi-

fied as positive (Fig. 1). The TMAs were scored by two in-
dependent observers and AR IHC was repeated on whole
tissue sections in cases which demonstrated equivocal
staining or when there was discordance between the two
observers. Statistical analysis was performed using SPSS
version 24.0 (Statistical Package for Social Sciences, USA).
AR expression was correlated with other prognostic factors,
using paired t-test and Pearson’s Chi-square test.
AR expression was also correlated with disease free sur-

vival (DFS) and overall survival (OS). OS was measured
from the date of surgery to the date of death or last available
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