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Abstract
HoxB13 is a transcription factor involved in defining of posterior endodermal derivatives, including prostate and rectum. 
While it is used as a marker of prostatic adenocarcinoma, it has not been studied systematically in neuroendocrine neoplasms. 
Thus, we performed HoxB13 immunohistochemistry in tissue microarrays and the whole sections of 232 neuroendocrine neo-
plasms. These included 34 paragangliomas (PGs), 20 cauda equina neuroendocrine tumors (CENETs), 123 well-differentiated 
neuroendocrine tumors (WDNETs), and 55 neuroendocrine carcinomas (NECs). WDNETs were additionally analyzed with 
SATB2, and colorectal WDNETs with CDX2 and serotonin immunohistochemistry. In total, HoxB13 immunoreactivity 
was observed in 95% (19/20) CENETs, 10.6% (13/123) WDNETs, and 12.9% (7/54) NECs. No PGs were positive. Large 
intestine WDNETs expressed HoxB13 in 68.4% (13/19); five negative tumors originated in cecum and one in rectum. In 
rectum, 92.9% (13/14) WDNETs expressed HoxB13. HoxB13 was 92.9% sensitive and 100% specific, showing 100% posi-
tive predictive value for the rectal origin of WDNET. In NECs, HoxB13 was positive in 15.4% (2/13) GIT tumors and 80% 
(4/5) prostatic NECs, but in none of urinary bladder NECs (0/8). SATB2 was positive in 17.1% (21/123) WDNETs, including 
78.9% (15/19) of colorectal WDNETs, 71.4% (5/7) appendiceal WDNETs, and 2.9% (1/34) small intestine WDNETs. All 4 
SATB2-negative large bowel tumors originated in the cecum. When both markers combined, HoxB13+/SATB2+ immuno-
profile was seen exclusively in rectal WDNETs (positive predictive value 100%), while HoxB13−/SATB2+ immunoprofile 
was highly suggestive of the appendiceal origin (positive predictive value 71.4%). Therefore, HoxB13 can be useful as an 
immunohistochemical marker of rectal WDNETs and prostatic NECs.
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Introduction

Neuroendocrine neoplasms (NENs) encompass a spectrum 
of entities characterized by the presence of neurosecretory 
vesicles and the expression of neurosecretory-related pro-
teins such as synaptophysin and chromogranin A, adhesive 
molecules (CD56, CD57), or transcription factors related 
to neuroendocrine differentiation (ASCL1, INSM1) [1]. 
Entities belonging to NENs include paragangliomas (PGs), 
well-differentiated neuroendocrine tumors (WDNETs), neu-
roendocrine carcinomas (NECs), and cauda equina NETs 
(CENETs). In WDNETs and PGs, biological behavior is 
difficult to predict based on histological features as even 
WDNETs smaller than 10 mm can metastasize [2]. Indeed, 
WDNETs present with metastatic disease in 10–20%, and 
the identification of the primary origin is of therapeutic and 
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prognostic significance [3]. Therefore, multiple immunohis-
tochemical markers of the primary origin have been studied 
in the past, including CDX2 [4], Pitx2 [5], NKX6.1 [6], ISL1 
[7], TTF1 [7], and SATB2 [3, 8].

HoxB13 is a transcription factor of the HOX family that 
contains the homeobox DNA-binding domain, encoded by 
the HOXB13 gene on chromosome 17q21.32. In total, the 
human genome includes 39 paralogous HOX genes, num-
bered 1 to 13 and arranged on 4 chromosomes in clusters 
A–D. On the chromosomes, the genes are arranged sequen-
tially in 3′ to 5′ direction, with low-numbered genes located 
in 3′ regions, followed by higher-numbered HOX genes in 
5′ direction. HOX genes are responsible for anteroposterior 
axis patterning, position information, and the development 
of different organs during embryogenesis [9]. The HOX 
genes located at the 3′ end of the genome are typically 
expressed in the front part of the developing embryo. In con-
trast, the HOX genes at the 5′ end, which include HOXB13, 
play a critical role in determining the identity of the tail end 
and the associated embryonic structures [9, 10]. HoxB13 is 
expressed early in the tail bud of the embryo [10] and helps 
to regulate the proliferation of neuromesodermal progenitors 
that are responsible for building the caudal structures [11]. 
Furthermore, HOXB13 helps to define the posterior endo-
derm derivatives, such as the prostate, colon, and rectum 
[9, 12]. HOXB13 expression persists in the colon, rectum, 
and prostate of adult individuals [13, 14] and is often used 
as a marker for prostatic adenocarcinoma [14, 15]. Addi-
tional studies also identified HOXB13 as a positive marker 
of CENETs [16–18].

In our previous study focused on CENETs, we observed 
a consistent immunoreactivity of HoxB13 in a limited sub-
group of large intestine WDNETs [17]. As there are no 
available data on HoxB13 expression in NENs of other 
locations, we performed an immunohistochemical study on 
tissue microarrays (TMAs) and whole sections (WS) of dif-
ferent NENs to assess its diagnostic utility. Furthermore, we 
compared the results with immunohistochemistry of SATB2, 
a well-established marker of large intestine WDNETs, and 
assessed coexpression of enterochromaffin markers CDX2 
and serotonin in colorectal WDNETs.

Materials and Methods

The cases of PGs, WDNETs, CENETs, and NECs diagnosed 
between 2005 and 2021 were collected from the archives of 
the pathology departments of the authors, and the original 
diagnosis was reviewed prior to case inclusion. The study 
was conducted in accordance with the Declaration of Hel-
sinki, and the ethical committee of the first author’s institu-
tion approved the study (Ethical committee of University 
Hospital Hradec Kralove, reference no. 202101P06 and 

202109P01). The formalin-fixed paraffin-embedded blocks 
of tumors were used to construct tissue microarrays (TMAs). 
In the study, 8 TMAs were constructed using the TMA Mas-
ter II system (3DHISTECH Ltd., Budapest, Hungary). For 
each case, two representative tissue cores (1.5 mm in diam-
eter) were transferred from a donor block into the recipi-
ent block. Additional cases were studied as whole sections 
(WS). The TMAs have been used in other studies [5, 17], 
and the selection of WS cases was mostly consistent with 
WS cases in a previous study [5].

In total, 232 unique tumors were analyzed for HoxB13. The 
composition of the cohort is summarized in Table 1. SATB2 
was analyzed only in PGs, CENETs, and WDNETs. CDX2 and 
serotonin were analyzed only in large bowel WDNETs.

Tissue blocks, including TMAs, were cut into 2-µm-thick 
sections for routine H&E staining and additional studies. 
HoxB13 immunohistochemistry was performed after heat-
induced epitope retrieval (24 min, Ventana CC1 solution, Ven-
tana/Roche, Tucson, AZ, USA) with clone F-9 (1:100, SCBT 
Inc., Dallas, TX, USA), with a section of a normal prostate 
included on slide as a positive control (Fig. 1A). For SATB2 
(EP281, 1:50, Zeta Corp. Arcadia, CA, USA), different pre-
treatment was chosen (32 min, Ventana CC1 solution, Ventana/
Roche, Tucson, AZ, USA) with an appendix as an on-slide posi-
tive control. The procedure was carried out on a Benchmark 
Ultra stainer manufactured by Ventana/Roche, using Ventana 
OptiView DAB IHC Detection Kit. CDX2 (DAK-CDX2, 1:50, 
Dako, Glostrup, Denmark) and serotonin (5HT-H209, 1:40, 
Dako, Glostrup, Denmark) detection was performed in large 
bowel WDNETs, using Dako OMNIS platform and Dako EnVi-
sion Flex visualization system. Both methods use avidin–biotin 
complex method, horseradish peroxidase as enzyme, and DAB 
(3,3ʹ-diaminobenzidine) as chromogen. The slides were evalu-
ated by two pathologists independently (M.M. and V.S. or J.S.), 
using the H-score, as published previously [19], along with the 
overall percentage of positive cells. Cases with H-score ≥ 1 were 
considered positive. Only the TMA cases with the tumor consti-
tuting at least one tissue core were included. Cases with positive 
versus negative result discrepancies between two observers were 
discussed during a joint session at a multiheaded microscope, 
and the consensus was reached. The average values of two 
observers of both H-score and the overall positive cell percent-
age in each case were used for analysis.

Statistical analysis was performed using the SigmaPlot 14 
software. The Shapiro–Wilk test was used to assess the dis-
tribution of the data. Parametric values were described with 
mean and standard deviation (SD); nonparametric values 
were described with median and interquartile range (IQR). 
Two-tailed variants of the Student t-test, analysis of vari-
ance (ANOVA), and their respective nonparametric versions, 
the Mann–Whitney test (MW) and the Kruskal–Wallis test 
(KW), were used to analyze the data. p-values < 0.025 (Bon-
ferroni correction) were considered significant.
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Results

HoxB13 in WDNETs

HoxB13 immunoreactivity was observed in 95% (19/20) 
CENETs, 10.6% (13/123) WDNETs, and 12.9% (7/54) 
NECs. No PGs were positive. Detailed results of 
immunohistochemistry are shown in Table 2. All the 
HoxB13 + WDNETs (Figs. 2 and 3) were localized in the 
large intestine, while no WDNETs from other locations 
showed HoxB13 positivity. Large intestine WDNETs 
(rectum n = 14, cecum n = 5) expressed HoxB13 in 68.4% 
(13/19); five of the negative tumors originated in cecum 

(four primaries and one liver metastasis) and one in rec-
tum. Thus, 92.9% (13/14) of rectal WDNETs expressed 
HoxB13. One rectal WDNET was included as both WS 
and TMA; the samples showed concordant immunore-
activity. In the group of WDNETs, HoxB13 was 92.9% 
sensitive and 100% specific for the rectal origin, show-
ing 100% positive predictive value for the rectal origin 
of WDNET. HoxB13 + NECs included 2 GI tract NECs 
(H-scores 2.5 and 7.5) and 5 lower urinary tract NECs 
(H-score range 7.5 to 300). When HoxB13 H-score of 
positive cases was compared, we observed no signifi-
cant differences between CENETs, WDNETs, and NECs 
(p = 0.4, ANOVA).

Table 1  Composition of the cohort

CENET cauda equina neuroendocrine tumor, PG paraganglioma, WDNET well-differentiated neuroendocrine tumor, NEC neuroendocrine carci-
noma

TMA cases WS cases Cases included in both 
TMAs and WS

Unique cases

CENETs CENETs 20 0 0 20
PGLs Adrenal 17 0 0 17

Abdominal 2 0 0 2
Head and neck 15 0 0 15
Total 34

WDNETs Stomach 1 9 0 10
Duodenum 2 5 1 6
Pancreas 14 6 4 16
Small intestine 14 7 3 18
Appendix 3 4 0 7
Large intestine 4 16 2 18
Lung 18 7 7 18
Parathyroid 4 2 2 4
Meckel diverticulum 0 1 0 1
Total 98

NECs Lung—small cell 2 4 0 6
Lung—large cell 6 1 0 7
GIT 4 9 0 13
Goblet cell adenocarcinoma 4 2 2 4
Merkel cell carcinoma 3 1 0 4
Medullary thyroid carcinoma 5 3 1 7
Urinary bladder 6 6 4 8
Prostate 1 5 1 5
Lower urinary tract 0 1 0 1
Total 55

Metastatic WDNETs 
(primary origin)

Small intestine 1 14 0 15
Pancreas 1 3 0 4
Lung 0 1 0 1
Cecum 0 1 0 1
Unknown origin 4 0 0 4
Total 25
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Fig. 1  HoxB13 immunoreactiv-
ity in normal tissues. A Normal 
tissue of the prostate used as 
a positive on-slide control 
(× 200). B Positivity of normal 
rectal intestinal epithelium 
(× 200). C HoxB13 was occa-
sionally observed in metaplastic 
intestinal epithelium of the 
stomach but not in normal gas-
tric epithelium (× 300). D Rare 
focus of low-grade dysplasia 
in gastric intestinal metaplasia 
also showed HoxB13 positivity 
(× 400)

Table 2  HoxB13 
immunoreactivity in tumor 
subsets (only positive cases 
analyzed)

Boldface highlights values representative of the cohort, based on either parametric or nonparametric distri-
bution of the data (Shapiro–Wilk test, p < 0.05)
SD standard deviation, IQR interquartile range

CENETs NETs NECs

Positivity rate 95% (19/20) 10.6% (13/123) 12.9% (7/54)
Mean H-score (± SD) 115.7 ± 81.4 139.8 ± 101.7 80 ± 109.9
Median H-score (IQR) 102 (55–141) 175.5 (16.5–232.8) 10 (7.5–117.5)
H-score range 8.5–277.5 6.5–257.5 2.5–300
Mean percentage (± SD) 65.2 ± 29.7 62.3 ± 38.9 43.2 ± 45.6
Median percentage (IQR) 80 (42.5–85) 87.5 (12.8–96.5) 10 (7.5–90)
Percentage range 6.5–100 6.5–100 2.5–100

Fig. 2  Strong HoxB13 immunoreactivity in rectal WDNET and sur-
rounding mucosa (× 100)

Fig. 3  Weak HoxB13 immunoreactivity in rectal WDNET (× 400)
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HoxB13 in NECs of Lower Genitourinary Tract

Since the HoxB13 expression is well characterized in pros-
tate acinar cell adenocarcinomas, we were interested, if 
HoxB13 immunohistochemistry might be helpful in diag-
nosis of lower urinary tract NEC (n = 14; Figs. 4 and 5). 
These included 8 bladder NECs (7 primaries, 1 metasta-
sis), 5 prostate NECs (4 tumors with small cell morphology 
and one Gleason 10 adenocarcinoma with neuroendocrine 

differentiation), and one NEC of undetermined primary site 
(bladder versus prostate). We observed HoxB13 in 80% 
(4/5) of prostatic NECs (H-scores 10, 115, 117.5, and 300) 
while no expression was seen in the bladder NECs (n = 8). 
In the NEC of undetermined site, HoxB13 was also positive 
(H-score 7.5), suggestive of the prostatic origin. Interest-
ingly, NEC with H-score 300 also showed strong and diffuse 
NKX3.1 positivity in archive slides (Fig. 4A–C).

Fig. 4  HoxB13 immunoreactiv-
ity in NECs of lower urinary 
tract. A Carcinoma of the 
prostate showing high-grade 
neuroendocrine morphology 
(× 200, H&E). B The same 
tumor maintained high expres-
sion of NKX3.1 (× 200) and C 
HoxB13 H-score 300 (× 200). 
D Another neuroendocrine car-
cinoma of the prostate showing 
only weak and patchy HoxB13 
positivity (× 400)

Fig. 5  HoxB13 immunoreactiv-
ity in NECs of lower urinary 
tract. A Areas of prostatic 
adenocarcinoma (× 200, H&E) 
and B areas of neuroendocrine 
carcinoma in the same biopsy 
sample (× 200). C Prostatic 
adenocarcinoma from A show-
ing HoxB13 immunoreactivity 
(× 200). D The same focus of 
NEC from B, showing HoxB13 
positivity (x 200). E In contrast, 
all urinary bladder NECs were 
HoxB13-negative (× 200). F 
Complete loss of HoxB13 was 
also observed in one prostatic 
NEC and this contrasted with 
maintained immunoreactivity 
of adenocarcinoma component 
(× 100)
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Comparison of SATB2 and HoxB13 Immunoreactivity 
in WDNETs

To assess the diagnostic utility of HoxB13, we analyzed 
the expression of SATB2 in the study group of WDNETs. 
In WDNETs, SATB2 was positive in 17.1% (21/123) 
WDNETs, including 78.9% (15/19) of colorectal WDNETs 
(Fig.  6), 71.4% (5/7) appendiceal WDNETs, and 2.9% 
(1/34–nodal metastasis) small intestine WDNETs. In the 
colorectal subset, all 4 SATB2-negative tumors originated 
in the cecum (three primary tumors and one liver metasta-
sis), while only one cecal tumor was SATB2 + , compared 
to SATB2 positivity in all (14/14) rectal cases. Therefore, 
SATB2 was 100% sensitive and 93.6% specific for the diag-
nosis of rectal WDNET, and it showed 66.7% positive pre-
dictive value for the rectal origin of WDNET. We observed 
no difference in H-scores between WDNETs of different 
locations (p = 0.16, ANOVA). Four cecal tumors were nega-
tive for both HoxB13 and SATB2, while the only HoxB13-
negative rectal WDNET was SATB2-positive. When both 
markers combined, HoxB13 + /SATB2 + immunoprofile 
was seen exclusively in rectal WDNETs (positive predictive 
value 100%), while HoxB13 − /SATB2 + immunoprofile was 
highly suggestive of appendiceal origin (positive predictive 
value 71.4%). We observed no immunoreactivity of PGs or 
CENETs for SATB2.

Enterochromaffin Features of Colorectal WDNETs

To assess the relationship between SATB2/HoxB13 immuno-
reactivity and enterochromaffin phenotype, we analyzed the 
expression of CDX2 and serotonin in whole sections or TMAs 
of large bowel tumors. CDX2 immunoreactivity was seen in 
all 5 cecal tumors (H-scores range 90 to 275), while none of 

the rectal tumors was positive. In contrast, serotonin immu-
noreactivity was seen in 9 colorectal WDNETs, including 4 
cecal tumors (H-score ranges 110 to 276.5) and 5 rectal tumors 
(H-scores 2.5, 7.5, 11, 179.5, and 297.5). The only HoxB13-
negative rectal tumor showed weak serotonin immunoreactiv-
ity (H-score 7.5). The comprehensive data about coexpression 
of all the markers are included in Supplementary Table 1.

HoxB13 in Adjacent Normal Tissues

HoxB13 immunoreactivity was only rarely observed in 
normal tissues; large bowel epithelium stained in 14 cases, 
with 4, 3, and 7 samples showing strong, moderate, and 
weak patchy reactivity respectively (Fig. 1B). An equivocal 
weak positivity was observed in the bronchiolar epithelium 
in the 2 cases and in gland necks of the gastric mucosa in 
one sample. Interestingly, HoxB13 was weakly positive in 
40% (4/10) cases of gastric intestinal metaplasia (Fig. 1C). 
Of these, two positive metaplastic cases showed low-grade 
dysplasia (Fig. 1D). Consistent positivity was observed in 
normal prostatic glands and prostatic adenocarcinomas.

Discussion

To our best knowledge, this is the first systematic study of 
HoxB13 immunohistochemistry in neuroendocrine neo-
plasms of different primary sites. WDNETs in the large 
intestine occur most commonly in the appendix, followed by 
the rectum and the colon [20]. Prostate specific acidic phos-
phatase (PSAP) and Special AT-rich sequence-binding pro-
tein 2 (SATB2) can be used as a marker of rectal WDNETs 
[3, 7], although PSAP can be observed also in some midgut 

Fig. 6  SATB2 immunoreac-
tivity in rectal WDNETs. A 
Strong immunoreactivity in 
rectal WDNET (× 400). B Weak 
immunoreactivity in rectal 
WDNET (× 400)
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WDNETs [3] and SATB2 was also detected in WDNETs of 
the appendix and other parts of the GI tract [3, 21]. The major-
ity of colonic and appendiceal tumors shows enterochromaffin 
differentiation, while most rectal lesions show L-cell origin 
[22]. Enterochromaffin tumors may also occur in the rectum 
and tend to show poorer prognosis compared to L-cell type 
WDNETs [22]. Both rectal subtypes may be differentiated 
using serotonin antibody, as the L-cell type is usually negative, 
while showing PSAP positivity in almost 70% of the cases 
[20]. There are also clinical differences among WDNETs of 
different sites as the colic tumors show significantly higher 
lymph node metastatic rate compared to rectal lesions [2], 
and almost 30–40% of colic WDNETs present initially with 
metastatic disease [20]. Although rectal WDNETs are usu-
ally considered indolent, metastatic involvement of regional 
lymph nodes was observed in 33.9% (85/251) tumors, includ-
ing 9.2% (9/98) of WDNETs smaller than 10 mm [2]. Thus, 
immunohistochemical confirmation of primary rectal origin 
in metastatic WDNET can be of practical importance.

Transcription factor SATB2 has been studied extensively 
in rectal WDNETs, with varying positivity rates (81–96% 
[3, 7, 21]). Appendiceal WDNETs are also known to be 
SATB2-positive [3, 7], although the intensity is reportedly 
lower [3]. Among other NENs, SATB2 was reported in 
various NECs and a subset of extraadrenal paragangliomas 
[3]. In our study, we observed 100% positivity rate of rectal 
WDNETs. In contrast, only 20% (1/5) cecal tumors were 
SATB2-positive, showing exactly the same positivity rate 
(20%, 1/5) like in previous report [21]. The positivity rate of 
appendiceal tumors was similar to the previously published 
study [3], and we observed no differences in the percent-
ages or H-scores of the tumors. No expression was seen in 
extraadrenal PGs [17], and this might be due to the use of 
TMAs, as the immunoreactivity in PGs was reportedly lim-
ited to rare cells [3]. The only other SATB2+ WDNET in 
the study was a lymph node metastasis of small intestinal 
WDNET, showing only weak immunoreactivity in 10% of 
cells. While HoxB13 showed lower sensitivity, missing out 
one SATB2+ rectal tumor, it showed 100% specificity, com-
pared to 93.6% specificity of SATB2.

We were interested if the lack of HoxB13 might reflect 
the enterochromaffin phenotype. All cecal tumors were 
CDX2-positive, and majority (80%) produced serotonin. 
In contrast, although serotonin could be detected in 35.7% 
(5/14) rectal WDNETs, we observed consistent negativity 
of CDX2 in rectal tumors. The only HoxB13-negative rectal 
tumor showed scarce serotonin producing cells, compared to 
another two rectal WDNETs with strong serotonin immuno-
reactivity and maintained HoxB13. This is in line with a pre-
vious study that was unable to demonstrate CDX2 in a large 
cohort (n = 56) of rectal WDNETs, while serotonin could be 
identified in 16% of the tumors [23]. Similar consistent lack 

of CDX2 was also demonstrated in two additional cohorts 
including in total 30 rectal WDNETs [24, 30]. Thus, the 
results suggest that both CDX2 and HoxB13 are related to 
the respective midgut and hindgut site of primary origin 
rather than enterochromaffin differentiation.

High specificity of HoxB13 for rectal WDNETs is not 
surprising, given the role of HoxB13 in embryonal devel-
opment of caudal endoderm [9, 12]. In fact, immunohisto-
chemical positivity of HoxB13 in normal prostatic tissue 
and colorectal epithelium has been observed in the past [14], 
similar to our study. Weak HoxB13 positivity in other nor-
mal tissues, including the stomach, thyroid, and small intes-
tine, has been also reported [14]; however, this contradicts 
both publicly available data on HOXB13 mRNA and pro-
tein expression in Human Protein Atlas (HPA) [13] and our 
results. Indeed, we only observed equivocal staining in rare 
gland neck cells from one stomach sample but no immuno-
reactivity of the other structures of normal stomach mucosa, 
thyroid, or small intestine adjacent to the analyzed tumors.

Due to the well-established expression of HoxB13 in 
prostate and prostatic adenocarcinoma [9, 14, 15, 25], we 
were interested in whether HoxB13 immunohistochemistry 
could be helpful in distinguishing neuroendocrine carcino-
mas of the prostate and lower urinary tract. In both locations, 
NECs usually occur as a component of conventional high-
grade prostatic adenocarcinomas [26, 27] or urothelial car-
cinomas [28, 29], sometimes after previous treatment [26], 
although primary NECs unrelated to treatment or without 
identifiable component of conventional carcinoma have been 
described as well [27, 29]. Without appropriate clinical his-
tory and radiological findings, the distinction may be impos-
sible, as both NECs tend to lose normal urothelial and pro-
static markers [27, 29]. In our study, we observed HoxB13 
positivity in 80% (4/5) of prostatic NECs, compared to the 
lack of HoxB13 in any of the 8 urinary bladder NECs. In 
contrast, only 25% (1/4 cases, positive case showing strong 
positivity) prostatic NECs were positive in the previous 
report [14], and another study demonstrated even lower 
positivity rate (11.1%, 1/9 cases, positive case with H-score 
2) [25]. Furthermore, loss of HoxB13 mRNA expression and 
the signature of the HOX gene was a hallmark of neuroen-
docrine transdifferentiation of prostatic adenocarcinomas 
[25]. However, neuroendocrine transdifferentiation in pro-
static adenocarcinoma represents a continuum, and tumors 
with both neuroendocrine and androgen-dependent luminal 
phenotype do exist [27]. Of the 4 HoxB13-positive neuroen-
docrine carcinomas in our study, one tumor morphologically 
corresponded to Gleason 10 adenocarcinoma with neuroen-
docrine differentiation (H-score 117.5), and another case 
(H-score 300) was a de novo carcinoma with intact NKX3.1 
expression (Fig. 4A-C). Two remaining cases (H-scores 10 
and 115) showed standard neuroendocrine morphology and 
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immunoprofile. However, we cannot exclude that neuroen-
docrine reprogramming was incomplete, and tumors retained 
some degree of luminal differentiation.

Conclusions

Our study demonstrated excellent sensitivity and specific-
ity of HoxB13 immunohistochemistry for the diagnosis of 
rectal WDNETs. SATB2 showed higher sensitivity but lower 
specificity for rectal origin. However, coexpression of both 
markers was seen exclusively in rectal WDNETs indicating 
its diagnostic potential. Interestingly, our study observed 
higher positivity rate of HoxB13 in prostatic NECs com-
pared to the literature. While this suggests that HoxB13 may 
be useful for identifying a subset of prostatic NEC, the small 
number of prostatic tumors in our study and the previous 
contradictory results require further validation of its utility 
as a marker of prostatic NECs.
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