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ABSTRACT

Objectives: NK3 homeobox 1 (NKX3.1) has been 
increasingly used to diagnose metastatic prostatic 
carcinoma in histologic samples. However, its utility and 
reliability in cytologic direct smears have not been studied.

Methods: A total of 59 fine-needle aspiration (FNA) 
cases with a definitive diagnosis of metastatic carcinoma 
from the prostate were included. The cases were grouped 
based on different Gleason score in their corresponding 
primary tumors and morphologic variants. For each case, 
tumor cells were immunostained with NKX3.1, prostate-
specific antigen (PSA), and prostatic acid phosphatase 
(PAP) on cell-transferred smears.

Results: NKX3.1 was strongly and diffusely positive in all 
40 metastatic prostatic adenocarcinomas, including those 
with ductal features, but negative for the 19 small cell 
carcinoma (SmCC) cases. NKX3.1 had a better detection 
rate than PSA (13/50, 26%) and PAP (0/47, 0%).

Conclusions: NKX3.1 immunostaining on FNA smears 
is highly reliable for detecting metastatic prostatic 
carcinomas of conventional and ductal types but not for 
SmCC.

Prostatic cancer, the second most common cancer in 
men in the United States and worldwide, is diagnosed in 
one of seven men during their lifetime. The mortality of 
prostatic cancer was closely related to metastatic disease.1,2 
An accurate diagnosis of metastatic carcinoma from pros-
tatic origin is essential for an appropriate therapy and 
prognostic prediction.

Most metastatic prostatic carcinomas metastasize to 
regional lymph nodes and bones. Some tumors with a high 
Gleason score (GS), with a ductal morphology, or with 
small cell features have a propensity to metastasize to vis-
ceral organs such as lung and liver.3,4 Diagnosis of meta-
static prostatic carcinoma can sometimes be challenging, 
not only because some high-grade tumors may cytolog-
ically resemble carcinoma of other primary origins but 
also because the lung and liver are the most common re-
cipient organs for distant metastasis from various primary 
malignancies. For example, metastatic prostatic carcinoma 
with ductal features in lung and liver may cytologically re-
semble some primary carcinomas from these two organs (ie, 
primary lung adenocarcinoma and cholangiocarcinoma, 
respectively). Fine-needle aspiration (FNA) is often used 
for sampling metastatic tumors because this minimally 
invasive procedure allows acquisition of samples from 
virtually any anatomic site at low cost and with fewer 
complications. However, FNA samples have intrinsic limi-
tations such as a small number of tumor cells and the lack 
of reliable histologic architecture of a tumor. Thus, an an-
cillary study is often required to confirm a diagnosis of 
metastatic prostatic carcinoma in cytology practice.

Traditionally used biomarkers to confirm a carci-
noma of prostatic origin are prostate-specific antigen 
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(PSA) and prostatic acid phosphatase (PAP). However, 
these markers are suboptimal in that they are of a cy-
toplasmic staining pattern and are often only focally 
expressed in metastatic prostatic carcinoma with reported 
detection rates of about 80% for PSA and 60% for PAP.5-7

In daily practice, it is not uncommon that cell block 
tissue is not available and direct smear is the only sample 
type that can be considered for immunoperoxidase studies. 
In our experience,8,9 a nuclear staining marker with a 
high detection rate would be superior to a cytoplasmic 
staining marker in such a scenario. NK3 homeobox 1 
(NKX3.1) is a nuclear marker and has been increasingly 
used to help diagnose carcinoma of prostatic origin in 
histologic specimens with a reported sensitivity ranging 
from 90.9% to 100%.5,10,11 Previous studies demonstrated 
that NKX3.1 is generally very specific with regard to 
prostatic origin, although it is reportedly expressed in a 
small subset of breast carcinomas.12,13 The reliability of 
this nuclear marker in detecting metastatic prostatic car-
cinoma in cytologic samples, especially smears, has not 
been studied previously. To date, NKX3.1 expression in 
cytology samples has been reported in only one study by 
using cell block sections instead of smears, and the sensi-
tivity was reported as 68%.14 In this study, we used FNA 
direct smears of 59 cases to evaluate the utility of NKX3.1 
immunostaining in the confirmation of metastatic pros-
tatic carcinoma. For comparison, PSA and PAP staining 
was performed simultaneously.

Materials and Methods

Case Selection

This study was approved by the Institutional Review 
Board of at The University of Texas MD Anderson 
Cancer Center in Houston. We retrospectively searched 
our institution’s cytopathology database for FNA cases 
that had a definitive cytologic diagnosis of metastatic 
prostatic carcinoma. The final definitive diagnoses were 
based on a multidisciplinary approach that included 
clinical history, radiologic findings, and concurrent or 
subsequent core needle biopsy findings. Archived FNA 
slides of each case were retrospectively reviewed; only 
the cases with at least one spare Papanicolaou-stained 
smear containing sufficient tumor cells were selected for 
this study. The Papanicolaou-stained direct smears were 
prepared during routine patient care after the smears had 
been fixed in modified Carnoy’s fixative (a 6:1 ratio of 
70% ethanol to glacial acetic acid).

A total of 59 FNA cases (from different patients) 
were included, and each case had one spared smear used 

in this study. Of these, 36 cases were metastatic prostatic 
carcinoma of conventional type, and their corresponding 
primary prostatic carcinomas showed conventional mor-
phologic features with a GS of 7 in eight cases, GS of 8 
in 12 cases, GS of 9 in 13 cases, and GS of 10 in three 
cases. Four cases of metastatic prostatic carcinoma 
showed ductal morphology; their primary counterparts 
were called prostatic ductal carcinoma in two cases and 
prostatic carcinoma with ductal features in one case. 
For the fourth case, there was no available information 
in our electronic system regarding GS or type of its pri-
mary counterpart. Nineteen metastatic carcinomas were 
diagnosed as metastatic small cell carcinoma (SmCC). 
Based on clinical and radiologic correlation, the 19 cases 
were considered from prostate since none of these patients 
had other malignancies, and 16 of 19 patients received 
castration therapy. The primary counterparts of the 19 
cases were prostatic SmCC in one case and conventional 
prostatic carcinomas in 18 cases (ie, GS of 7 in three cases, 
GS of 8 in three cases, GS of 9 in 10 cases, and GS of 10 
in two cases).

Cell Transferring and Immunostaining

Cell transfer was performed to allow for three 
immunostains performed on the cellular material from 
a single smear of each case. The technique was previ-
ously described.8,15 Briefly, the tissue from each smear 
was peeled, lifted, and then divided into three pieces. 
One piece from each case was transferred to a new slide. 
Each new slide was mounted with 10 to 12 pieces from 
different cases, moistened with wet gauze, and applied 
with pressure to ensure that the pieces firmly adhered 
to the new slides. The three sets of new slides were each 
immunostained with one of the three markers: NKX3.1, 
PSA, and PAP, respectively.

For NKX3.1 staining, antigen retrieval was conducted 
by steaming one set of the new slides for 10 minutes in 
10  mmol/L citrate buffer (pH 6.0). The new slides then 
were incubated for 15 minutes at room temperature with a 
NKX3.1 antibody (EP356, dilution 1:100; Cell Marque). 
For PSA staining, no pretreatment was performed. 
Another set of new slides was incubated for 15 minutes 
at room temperature with a PSA antibody (A0562, dilu-
tion 1:8,000; Dako). For PAP staining, the third set of 
new slides without antigen retrieval was blocked with 
Novocastra Protein Block (Leica) for 15 minutes at 
room temperature and then incubated with a PAP an-
tibody (PASE/4LJ, dilution 1:6,000; Dako). Positive 
and negative controls were included and evaluated. The 
immunostain was developed using 3,3′-diaminobenzidine 
tetrahydrochloride as the chromogen. The slides were 
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counterstained with Mayer hematoxylin. The staining 
of the three markers was scored by two pathologists 
(Q.G. and Y.G.) with use of light microscopic examina-
tion. Positive NKX3.1 staining was defined as more than 
10% tumor cells showing nuclear staining; positive PSA 
and PAP staining was defined as any tumor cells showing 
cytoplasmic staining.10,16-18 The percentages of positive 
cells and staining intensity (weak, moderate, and strong) 
were recorded.

In some cases, for which these markers had been 
stained during the original diagnosis, the original staining 
results were reviewed together with results of the current 
study.

Results

Of the 59 patients included in this study, the mean 
age at the time of sampling the metastatic prostatic carci-
noma was 65.3 years (range, 52-85 years), and the mean 
interval between diagnosis of the primary prostatic carci-
noma and sampling of the paired metastatic tumors was 
37  months (range, 0-126  months; median, 25  months). 
The 59 cases of metastatic prostatic carcinoma were clas-
sified into six groups according to the GS of their pri-
mary carcinomas and morphologic variant of metastatic 
carcinomas. Groups 1, 2, 3, and 4 included a total of 
36 metastatic carcinomas; their corresponding primary 
prostatic carcinomas showed conventional morphologic 
features and had a GS of 7, 8, 9, and 10, respectively. 
The metastatic prostatic carcinomas of these groups 
showed compatible cytologic features to their primary 
counterparts, and the case numbers in groups 1, 2, 3, and 
4 were 8, 12, 13, and 3, respectively. Group  5 included 
four metastatic prostatic carcinomas with a ductal mor-
phology, and group 6 included 19 metastatic SmCCs from 
prostatic origin ❚Table 1❚.

Aspiration sites were lymph nodes (n = 30, 51%) (27 
regional lymph nodes and three distant lymph nodes, 

including left axilla, subcarinal, and left supraclavicular 
lymph nodes), iliac bone (n  =  1, 2%), pelvic soft tissue 
(n = 8, 14%), liver (n = 19, 32%), and pancreas (n = 1, 
2%). Visceral organ involvement was more often found 
in groups 4 (33%), 5 (50%), and 6 (74%), whereas lymph 
node involvement was more frequently seen in groups 1 
(88%), 2 (75%), and 3 (85%) (Table 1).

NKX3.1 nuclear staining was strongly and dif-
fusely positive in all (100%) of the 36 metastatic pros-
tatic carcinomas in groups 1 to 4 and in all (100%) of 
the four metastatic prostatic carcinomas with a ductal 
morphology in group 5 ❚Table 2❚ and ❚Image 1❚. In these 
cases, positive staining was found diffusely in more than 
50% of tumor cells with strong intensity. For the 19 met-
astatic SmCCs in group 6, however, none was positive for 
NKX3.1 staining (Table 2 and Image 1). Of note, 13 of 
the 36 metastatic carcinomas in groups 1 through 4 had 
been previously stained for NKX3.1 at the time of diag-
nostic workup using formalin-fixed, paraffin-embedded 
(FFPE) samples (ie, cell block sections in six tumors and 
concurrent or subsequent core needle biopsy samples in 
seven tumors), and all 13 cases were reported to be pos-
itive for NKX3.1. This marker had not been previously 
performed in any case in group 5 and group 6.

Of the 59 cases, 50 had available cell-transferred ma-
terial for PSA immunostaining, and positive cytoplasmic 
staining was found in 13 (26%) cases with a cytoplasmic 
(mostly focal) staining pattern ❚Table 3❚. Positive staining 
for PSA was found in group 1 (2/3, 67%), group 2 (5/11, 
46%), and group 3 (6/13, 46%) but not in groups 4, 5, 
and 6. Of the 59 cases, 47 had available cell-transferred 
material for PAP immunostaining. However, no case 
demonstrated positive PAP cytoplasmic staining.

Discussion

Accurately diagnosing metastatic prostatic carci-
noma can be challenging in some circumstances but is 

❚Table 1❚ 
Organs Involved by Metastatic Prostatic Cancer in Different Study Groups

Group No.
Gleason Score/Morphology in  
Primary Tumor (No.)

Metastatic Sites, No. (%)

Lymph Node Visceral Organs Bone Pelvic Soft Tissue

1 GS7 (8) 7 (88) 0 (0) 0 (0) 1 (13)
2 GS8 (12) 9 (75) 2 (17) 0 (0) 1 (8)
3 GS9 (13) 11 (85) 1 (8) 0 (0) 1 (8)
4 GS10 (3) 1 (33) 1 (33) 0 (0) 1 (33)
5 Ductal features (4) 0 (0) 2 (50) 1 (25) 1 (25)
6 SmCC (19) 2 (11) 14 (74) 0 (0) 3 (16)
Total 59 30 (51) 20 (34) 1 (<2) 8 (14)

GS, Gleason score; SmCC, small cell carcinoma.
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essential for an effective therapy. In the current study, 
using FNA direct smear of  59 cases, we evaluated the 
reliability of  NKX3.1 staining in the detection of  met-
astatic prostatic carcinomas. We found that NKX3.1 is 
a highly sensitive marker for confirming a metastatic 
carcinoma to be of  prostatic origin except for SmCC 
of  prostatic origin. All of  the 36 metastatic prostatic 
carcinomas of  conventional type (regardless of  the GS 
of  their primary counterparts) and the four metastatic 
prostatic carcinomas with a ductal morphology were 
positive for NKX3.1 with strong staining intensity and 
a diffuse pattern, indicating that NKX3.1 is a reliable 

marker to detect metastatic prostatic carcinoma on 
smears in the majority of  occasions. This finding is sim-
ilar to previously published studies in which NKX3.1 
was stained in primary as well as metastatic prostatic 
carcinoma on histology sections, and the sensitivity was 
reported to be up to 100%.5,10,11 However, the previous 
studies did not stratify cases based on tumor grade and 
did not have information about prostatic carcinoma 
with ductal morphology or prostatic SmCC. In a cy-
tology study, Jia et al14 reported sensitivity of  68% for 
NKX3.1 based on staining on cell block materials from 
metastatic prostatic carcinoma.

❚Image 1❚ Representative pictures of Papanicolaou-stained smears and NK3 homeobox 1 (NKX3.1) immunostaining 
for study groups 1, 4, 5, and 6. Papanicolaou-stained smears, ×100; NKX3.1 immunoperoxidase stains, ×100; NKX3.1 
immunoperoxidase stains, ×400. GS, Gleason score; SmCC, small cell carcinoma.

❚Table 2❚ 
NKX3.1 Immunostaining on Cell-Transferred Smear Slides in Different Study Groups

Group No.
No. of Cases in Each Group for 
NKX3.1 Staining

No. (%) of Cases With Positive 
NKX3.1 Staining

% of Cells With Positive 
NKX3.1 Staining

Intensity of NKX3.1 
Staining 

1 8 8 (100) 80-99 Strong
2 12 12 (100) 50-95 Strong
3 13 13 (100) 55-95 Strong
4 3 3 (100) 95 Strong
5 4 4 (100) 80-90 Strong
6 19 0 (0) NA NA

NA, not applicable; NKX3.1, NK3 homeobox 1.
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In addition, our study showed a complete concord-
ance of NKX3.1 staining results between smear slides 
used in this study and FFPE samples used in the original 
diagnostic workup in 13 metastatic prostatic carcinomas 
of conventional morphologic type. This finding indicates 
that direct FNA smear and FFPE section are equally reli-
able for NKX3.1 staining. The finding has practical value 
because, in daily cytology practice, aspirate smear may be 
the only sample type available for immunostaining since 
cell block or core needle biopsy specimen is often not avail-
able or contains insufficient tumor cells. The feasibility 
of NKX3.1 stain on smear tissue would avoid a repeat 
biopsy solely for immunostaining on FFPE samples. In 
an appropriate clinical setting, a single NKX3.1 staining 
could serve as a reliable adjunct and would be sufficient 
to confirm prostatic origin of a metastatic carcinoma if  
the stain is positive.

Previous studies indicated that NKX3.1 expression 
is highly restricted in prostate-originated cells. Gurel 
and colleagues10 examined specificity of NKX3.1 in 349 
nonprostatic tumors, including those from the urinary 
bladder, breast, colon, salivary gland, stomach, pancreas, 
thyroid, central nervous system, adrenal cortex, kidney, 
liver, lung, and testis. Using a criterion that any nuclear 
staining for NKX3.1 was considered positive, they found 
that only one case of invasive lobular carcinoma of the 
breast showed positive staining. Subsequently, Asch-
Kendrick and coworkers12 reported positive expression 
of NKX3.1 in two (2%) of 86 breast invasive ductal 
carcinomas and 10 (27%) of 37 invasive lobular carci-
noma cases with a generally weak staining intensity. Of 
note, positive NKX3.1 staining appeared to be signifi-
cantly associated with invasive lobular carcinoma of the 
breast and was seen only in estrogen receptor– and an-
drogen receptor–positive carcinomas. In light of the rarity 
of male breast carcinoma and the fact that nearly all male 
breast carcinomas are ductal type,19,20 a possibility of 
misdiagnosis caused by male breast carcinoma is essen-
tially very low. Therefore, NKX3.1 is a reliable marker to 
confirm prostatic primary of metastatic tumors that are 
not SmCCs.

PSA and PAP immunomarkers are traditionally 
used to confirm that a carcinoma is of prostatic origin. 
In this study, we evaluated these two markers in parallel 
with NKX3.1 on cell-transferred smears to compare their 
performance and found that positive rates of PSA ex-
pression in groups 1 to 4, 5, and 6 were 46%, 0%, and 
0%, respectively, which are much lower than the posi-
tive rates of NKX3.1 detection in these groups (Table 
2). In addition, PSA expression seems more in low-grade 
tumors and tends to be negative in higher grade tumors 
(ie, groups 4-6). The latter observation is consistent with 
those in previous studies showing that PSA and PAP ex-
pression in tumor cells decreases with increasing Gleason 
grade.6,7 PAP immunostaining was negative in all of the 
cases included in the current study. The superior perfor-
mance of NKX3.1 staining over PSA or PAP staining in 
the detection of metastatic prostatic carcinoma has been 
previously reported in studies using FFPE tissue sections. 
Kristiansen et al5 reported that the sensitivity was 100% 
for NKX3.1, 81% for PSA, and 66% for PAP by using 64 
metastatic prostatic carcinomas (mostly in lymph nodes). 
The low positive rate of PSA and the lack of PAP de-
tection in our study could be multifactorial. First, PSA 
and PAP expressions are of a cytoplasmic pattern, and 
thus interpretation of staining on cytologic smears can 
be challenging due to the cell distortion and disruption 
associated with the smearing procedure. Second, PSA 
and PAP stains are often focal and weak, even on FFPE 
sections.18,21 The transfer technique, which divides one 
smear into multiple smaller pieces, each containing a 
small amount of tumor cells, is no doubt prone to false-
negative staining results. Finally, the differences in fixa-
tion and processing between smear samples and FFPE 
sections may also be a contributory factor.

Prostatic carcinoma with a ductal morphology is a rare 
morphologic variant of prostatic carcinoma and accounts 
for less than 1% of primary prostatic carcinomas. It is 
characterized by columnar cells forming various histologic 
patterns (such as glandular, cribriform, or papillary), rem-
iniscent of adenocarcinoma of other origins,22 which is a 
potential diagnostic pitfall and causes diagnostic difficulty 

❚Table 3❚ 
PSA Immunostaining on Cell-Transferred Smear Slides in Different Study Groups

Group No.
No. of Cases in Each  
Group for PSA Staining

No. (%) of Cases With Positive  
PSA Staining

% of Cells With Positive  
PSA Staining

Intensity of PSA 
Staining

1 3 2/3 (67) 2-20 Weak-strong
2 11 5/11 (46) 5-50 Weak-strong
3 13 6/13 (46) 5-50 Weak-strong
4 1 0/1 (0) NA NA
5 3 0/3 (0) NA NA
6 19 0/19 (0) NA NA

NA, not applicable; PSA, prostate-specific antigen.
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if  an immunoperoxidase study is not performed. NKX3.1 
expression in this morphologic variant has not been re-
ported in the literature. Our study included four such cases 
and demonstrated that NKX3.1 staining performed on 
smear can reliably confirm prostatic origin of metastatic 
prostatic carcinoma with a ductal morphology.

Prostatic SmCC is very rare, found in only 0.5% to 
2% of primary prostatic cancers. It may occur in men with 
conventional prostatic carcinoma after treatment with an-
drogen deprivation therapy and has an aggressive clinical 
course with a high frequency of visceral metastases, in-
cluding bone and brain.23-25 In our study, 74% of the met-
astatic SmCC cases involved visceral organs (Table 1). The 
treatment for SmCC of prostatic origin is chemotherapy 
and/or radiotherapy for local palliation of symptoms, es-
sentially similar to treatment for SmCC of other primary 
origins. However, if a prostatic origin of a SmCC can 
be defined based on a prostatic marker, clinical puzzling 
about its primary origin and possible imaging or labora-
tory workup can be minimized. Possible clinical puzzling 
stems from the fact that metastatic SmCC from prostatic 
origin not only cytologically resembles SmCC of other 
origins but also frequently involves visceral organs in-
stead of locoregional lymph nodes. Furthermore, the cor-
responding primary prostatic carcinoma may not show 
a SmCC component. Of the 19 patients with metastatic 
SmCC in our study, 18 had a primary prostatic carcinoma 
showing conventional morphologic features, and only 
one had primary prostatic SmCC. Even in primary pros-
tatic SmCC, a coexisting conventional acinar component 
in the same tumor is not uncommon, and needle biopsy 
tissue may sample only the non–small cell component of 
the tumor. Lotan et al17 reported that 27% (6/22) of the pri-
mary prostatic SmCC cases contained a focal conventional 
morphologic component. Effort has been made in pre-
vious studies to detect prostatic origin by biomarkers. PSA 
and PAP were evaluated for this purpose; however, nega-
tive staining in SmCC of the prostate was reported in up 
to 80% of cases.25,26 A similar detection rate was observed 
with NKX3.1 staining by Lotan and colleagues17 by using 
FFPE sections in which positive NKX3.1 expression was 
found only in 18% (4/22) of primary prostatic SmCCs. Our 
study with direct smear tissues found that none of the 19 
metastatic prostatic SmCCs demonstrated positive staining 
for NKX3.1, PSA, or PAP, indicating that diagnosing 
a SmCC from prostatic origin has to rely largely on the 
correlation of pathologic features with clinical and radio-
logic findings. The possible explanation for the presence of 
NKX3.1 expression in a subset of SmCCs in the literature 
but lack of NKX3.1 expression in all SmCC cases in our 
study could be due to differences in preanalytical factors 
such as sample fixation and processing.

In conclusion, in this cytology study using smear to 
evaluate NKX3.1, PSA, and PAP expressions in different 
grades and variants of metastatic prostatic carcinoma, we 
found that NKX3.1 staining in FNA smears is highly reli-
able for detecting metastatic prostatic carcinoma, including 
both conventional and ductal types, but not for SmCC. The 
detection rate and staining pattern of NKX3.1 are better 
than those of PSA or PAP. A Papanicolaou-stained smear 
is equally reliable to FFPE for NKX3.1 staining. Caution 
should be taken in metastatic malignancy showing features 
of SmCC because NKX3.1 immunostaining on smears in 
this type of tumor is essentially nonreactive. In such cases, 
correlation of cytologic features with clinical and radio-
logic findings is the key to reaching an accurate diagnosis.

Corresponding author: Yun Gong, MD; ygong@mdanderson.org.
Acknowledgments: We thank Tamara K. Locke in the 

Department of Scientific Publications at The University of Texas 
MD Anderson Cancer Center for editing the manuscript.

The study was supported by the faculty research fund of 
The University of Texas MD Anderson Cancer Center (to 
Y.G. and X.S.).

References
 1. Heidenreich A, Abrahamsson PA, Artibani W, et al; European 

Association of Urology. Early detection of prostate cancer: 
European Association of Urology recommendation. Eur Urol. 
2013;64:347-354.

 2. Omlin A, Pezaro C, Mukherji D, et al. Improved survival in a 
cohort of trial participants with metastatic castration-resistant 
prostate cancer demonstrates the need for updated prognostic 
nomograms. Eur Urol. 2013;64:300-306.

 3. Alumkal JJ, Chowdhury S, Loriot Y, et al. Effect of visceral 
disease site on outcomes in patients with metastatic castration-
resistant prostate cancer treated with enzalutamide in the 
PREVAIL trial. Clin Genitourin Cancer. 2017;15:610-617.e3.

 4. Loriot Y, Fizazi K, de Bono JS, et al. Enzalutamide in 
castration-resistant prostate cancer patients with vis-
ceral disease in the liver and/or lung: outcomes from the 
randomized controlled phase 3 AFFIRM trial. Cancer. 
2017;123:253-262.

 5. Kristiansen I, Stephan C, Jung K, et al. Sensitivity of HOXB13 
as a diagnostic immunohistochemical marker of prostatic 
origin in prostate cancer metastases: comparison to PSA, 
prostein, androgen receptor, ERG, NKX3.1, PSAP, and PSMA. 
Int J Mol Sci. 2017;18:E1151.

 6. Steffens J, Friedmann W, Lobeck H. Immunohistochemical 
diagnosis of the metastasizing prostatic carcinoma. Eur Urol. 
1985;11:91-94.

 7. Renshaw AA, Granter SR. Metastatic, sarcomatoid, and PSA- 
and PAP-negative prostatic carcinoma: diagnosis by fine-needle 
aspiration. Diagn Cytopathol. 2000;23:199-201.

 8. Clevenger J, Joseph C, Dawlett M, et al. Reliability of 
immunostaining using pan-melanoma cocktail, SOX10, and 
microphthalmia transcription factor in confirming a diag-
nosis of melanoma on fine-needle aspiration smears. Cancer 
Cytopathol. 2014;122:779-785.

12_AJCPAT_aqz063.indd   500 09-Sep-19   19:44:53



501© American Society for Clinical Pathology

AJCP / Original article

Am J Clin Pathol 2019;152:495-501
DOI: 10.1093/ajcp/aqz063

 9. Zhang YH, Liu J, Dawlett M, et al. The role of SOX11 
immunostaining in confirming the diagnosis of mantle 
cell lymphoma on fine-needle aspiration samples. Cancer 
Cytopathol. 2014;122:892-897.

 10. Gurel B, Ali TZ, Montgomery EA, et al. NKX3.1 as a marker 
of prostatic origin in metastatic tumors. Am J Surg Pathol. 
2010;34:1097-1105.

 11. Yu C, Tacha D, Bremer R, et al. PSA and NKX3.1: a compara-
tive IHC study of sensitivity and specificity in prostate cancer. 
Mod Pathol. 2012;25:254A.

 12. Asch-Kendrick RJ, Samols MA, Lilo MT, et al. NKX3.1 is 
expressed in ER-positive and AR-positive primary breast 
carcinomas. J Clin Pathol. 2014;67:768-771.

 13. Gelmann EP, Bowen C, Bubendorf L. Expression of NKX3.1 
in normal and malignant tissues. Prostate. 2003;55:111-117.

 14. Jia L, Jiang Y, Michael CW. Performance of different 
prostate specific antibodies in the cytological diagnosis 
of metastatic prostate adenocarcinoma. Diagn Cytopathol. 
2017;45:998-1004.

 15. Gong Y, Joseph T, Sneige N. Validation of commonly used 
immunostains on cell-transferred cytologic specimens. Cancer. 
2005;105:158-164.

 16. Genega EM, Hutchinson B, Reuter VE, et al. 
Immunophenotype of high-grade prostatic adenocarcinoma 
and urothelial carcinoma. Mod Pathol. 2000;13:1186-1191.

 17. Lotan TL, Gupta NS, Wang W, et al. ERG gene 
rearrangements are common in prostatic small cell 
carcinomas. Mod Pathol. 2011;24:820-828.

 18. Sheridan T, Herawi M, Epstein JI, et al. The role of P501S 
and PSA in the diagnosis of metastatic adenocarcinoma of the 
prostate. Am J Surg Pathol. 2007;31:1351-1355.

 19. Javidiparsijani S, Rosen LE, Gattuso P. Male breast carci-
noma: a clinical and pathological review. Int J Surg Pathol. 
2017;25:200-205.

 20. Patten DK, Sharifi LK, Fazel M. New approaches in the 
management of male breast cancer. Clin Breast Cancer. 
2013;13:309-314.

 21. Birtle AJ, Freeman A, Masters JR, et al; BAUS Section 
of Oncology Cancer Registry. Tumour markers for man-
aging men who present with metastatic prostate cancer and 
serum prostate-specific antigen levels of <10 ng/ml. BJU Int. 
2005;96:303-307.

 22. Gong Y, Caraway N, Stewart J, et al. Metastatic ductal ade-
nocarcinoma of the prostate: cytologic features and clinical 
findings. Am J Clin Pathol. 2006;126:302-309.

 23. Nadal R, Schweizer M, Kryvenko ON, et al. Small cell carci-
noma of the prostate. Nat Rev Urol. 2014;11:213-219.

 24. Wang L, Davidson DD, Montironi R, et al. Small cell 
carcinoma of the prostate: molecular basis and clinical 
implications. Histol Histopathol. 2015;30:413-424.

 25. Wang W, Epstein JI. Small cell carcinoma of the prostate: a 
morphologic and immunohistochemical study of 95 cases. Am 
J Surg Pathol. 2008;32:65-71.

 26. Yao JL, Madeb R, Bourne P, et al. Small cell carcinoma of the 
prostate: an immunohistochemical study. Am J Surg Pathol. 
2006;30:705-712.

12_AJCPAT_aqz063.indd   501 09-Sep-19   19:44:53


