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ABSTRACT

Objectives: The objective of this study was to evaluate SOX17, a transcription factor from
the Sry high-mobility group-related box superfamily, as a diagnostic marker to determine

site of origin using both whole-tissue sections and tissue microarrays (TMAs).

Methods: SOX17 immunohistochemistry was performed on gynecologic and
nongynecologic tissues (N = 1004) using whole-tissue sections and both internally con-
structed and commercially available TMAs. SOX17 nuclear reactivity was scored as positive
or negative on the whole-tissue sections and using the semiquantitative H score method on
TMAs.

Results: Using both whole-tissue sections and TMAs, SOX17 was positive in 94% (n =
155) of endometrial tumors and 96% (n = 242) of ovarian tumors. All breast cases (n = 241)
and vulvar/cervical squamous cell carcinomas (n = 150) were negative. Among 1004 tumors

from 20 sites, the only organs with positive tumors were ovary, uterus, and testis.

Conclusions: SOX17is a sensitive and specific marker for gynecologic origin in the
tissues tested and may be a valuable adjunct to PAX8 and other commonly used markers
to confirm endometrial or ovarian origin. SOX17 expression is lower in mucinous tumors,
endocervical adenocarcinoma, high-grade neuroendocrine tumors, and undifferentiated/
dedifferentiated endometrial carcinoma.

INTRODUCTION

Contemporary surgical pathology practice often involves immunohistochemical confirma-
tion of site of origin of tumors in histologic specimens, sometimes with limited tumor tissue
for analysis. A variety of markers are available for breast, gastrointestinal tract, lung, and
other sites. In gynecologic pathology, PAX8 has been a mainstay in the workup to confirm
gynecologic origin for more than a decade. PAXS is a member of the paired-box (PAX) family
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KEY POINTS

e SOX17 was positive in 94%
of endometrial and 96% of
ovarian tumors evaluated; it is
positive in some endocervical
adenocarcinomas but negative in
all vulvar and cervical squamous
cell carcinomas.

SOX17 expression was reduced
in endometrial and ovarian tumors
with mucinous differentiation

and negative in some high-

grade neuroendocrine and
undifferentiated/dedifferentiated
endometrial tumors.

SOX17 was completely negative in
241 breast lesions and in all other
nongynecologic tumors studied,
apart from testicular seminoma.
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of transcription factors that play essential roles in embryogenesis
and tumorigenesis.’> When used in conjunction with a panel of
other immunohistochemical stains, such as estrogen receptors (ER),
progesterone receptors (PR), cytokeratin 7, and cytokeratin 20, gyn-
ecologic origin can be confirmed in a substantial number of cases
because PAX8 is expressed in 85% of endometrial tumors and 72%
of ovarian tumors.> The major limitation of this approach, however,
is lack of specificity, as PAX8 often demonstrates reactivity in neo-
plasms of the thyroid and kidney and occasionally shows reactivity
in breast tumors, particularly high-grade, triple-negative breast
carcinomas.*® This lack of specificity can result in more extensive
clinical workup to rule out other primary sites and can also compli-
cate workup of tumors in which the site of origin is fairly clear but
the tumor has unusual morphology or presentation necessitating
confirmation.

Recently, a few studies have evaluated the utility of SOX17, a
transcription factor from the Sry-related high-mobility group box
superfamily, as a diagnostic marker for tumors of gynecologic tract
origin and have found that SOX17 immunohistochemical stain
demonstrates comparable sensitivity and improved specificity over
PAXS for confirmation of gynecologic tract origin.®*

As with PAX8, SOX17 is a nuclear marker, which is easy to inter-
pret. Because of its reactivity in endothelial cell nuclei, a good in-
ternal control is often present, as well. These characteristics suggest
that SOX17 could be a valuable adjunct to the currently available
panel of stains used to confirm that a tumor originates in the gyn-
ecologic tract.

The aim of this study was to evaluate qualitative and quan-
titative SOX17 immunoreactivity in a variety of gynecologic and
nongynecologic tumors using both whole-tissue sections and tissue

microarrays (TMAs).

METHODS

Human Tumor Samples

To validate the use of SOX17 as a marker for tumors of gynecologic
tract origin, SOX17 immunohistochemical staining was performed
on a variety of tissue types using whole sections and both inter-
nally constructed and commercially available TMAs. Whole-tissue
sections of cases from our institutional archive included 15 breast
lesions; 21 ovarian tumors; 28 endometrial tumors; 9 cervical tu-
mors; and a variety of tumors from other sites, including bladder
(7), kidney (8), pancreas (6), gastrointestinal tract (12), and lung (5)
along with 5 cases of mesothelioma. SOX17 nuclear reactivity was
scored as positive or negative on the whole-tissue sections, with
positive defined as any discernible nuclear staining.

Fourteen TMAs were constructed in house, with core diam-
eters of 0.6 mm (cores in triplicate), Imm (cores in duplicate),
and 2 mm (single core per case) on a variety of breast and gyneco-
logic tract tumors, including 210 phenotypically diverse invasive
breast carcinomas, 205 ovarian tumors, 119 cases of endometrioid
endometrial adenocarcinoma, 99 cases of vulvar squamous cell
carcinoma, and 62 cases of invasive carcinoma of the cervix. A com-

mercially available TMA with a core diameter of 1 mm (human TMA
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MC2082D, US Biolab Corporation) was also used to evaluate SOX17
reactivity in 193 tumors, many of which are less readily available at
our institution. For the TMAs, SOX17 nuclear reactivity was scored
using a semiquantitative H score method in which the percentage of
cells staining at an intensity of 0, 1+, 2+, or 3+ is multiplied by 0, 1, 2,
or 3, respectively, to arrive at a score ranging from O (no nuclear re-
activity) to 300 (3+ nuclear reactivity in 100% of the tumor cells).”!°
Immunohistochemical Analysis

SOX17 immunohistochemistry (IHC) was performed on whole-
tissue sections and TMAs, as described earlier, in a BOND-III Fully
Automated IHC Staining System (Leica Biosystems) with a rabbit
monoclonal antibody against human SOX17 (clone EPR20684 from
Abcam). In brief, slides were treated with BOND Epitope Retrieval
Solution 2 (Leica Biosystems) at 100 °C for 20 minutes for antigen
retrieval; then, sections were incubated with primary antibody at
1:1000 dilution for 15 minutes. The bound antibody was visualized
with diaminobenzidine chromogen, and hematoxylin was used as a
counterstain. External controls were examined and stained appro-
priately. Internal controls consisted of vascular endothelial cells and
were identified on all slides.

RESULTS

SOX17 reactivity for cases assessed using whole-tissue sections is
detailed in [[ZX:1X=K). Ovarian tumor types consisted of a variety of
malignant entities along with mucinous borderline tumors and
mucinous cystadenomas. All cases of high-grade serous carcinoma,
clear cell carcinoma, and carcinosarcoma were positive for SOX17;
however, SOX17 reactivity was seen less often in ovarian tumors
with mucinous differentiation and showed weaker expression when
present. Among 4 cases of ovarian mucinous cystadenoma, 1 case
showed diffuse strong reactivity, 2 cases showed only rare positive
cells, and 1 case was negative. Among 3 cases of ovarian mucinous
borderline tumor, 2 cases showed patchy reactivity, and 1 case was
negative. In a case of ovarian adenocarcinoma with endometrioid,
squamous, and intestinal differentiation, the mucinous component
was negative. One case of ovarian high-grade serous carcinoma
showed strong reactivity in approximately 10% of the tumor but
was negative in the remainder.

The 28 endometrial tumors consisted of high-grade serous car-
cinoma (4); clear cell carcinoma (3); dedifferentiated/undifferenti-
ated carcinoma (9); mixed clear cell/high-grade serous carcinoma
(1); mixed clear cell/endometrioid adenocarcinoma (1); poorly dif-
ferentiated endometrial carcinoma, not otherwise specified (NOS)
(1); high-grade neuroendocrine carcinoma (4); and mesonephric-
like adenocarcinoma (5). At least moderate SOX17 reactivity was
noted for all cases of high-grade serous carcinoma and clear cell
carcinoma as well as for the mixed types. Mesonephric-like carci-
noma was positive in all 5 cases but showed weak reactivity in 4
cases and strong reactivity in 1 case. The case of poorly differen-
tiated endometrial carcinoma, NOS, was completely negative, as
were 3 of 4 cases of uterine high-grade neuroendocrine carcinoma.

The positive case showed reactivity in less than 1% of the tumor
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TABLE 1 SOX17 Immunoreactivity in Whole-Tissue Sections

Organ/site Tumor/lesion type Result Total No. of cases
Positive, No. Negative, No.
Ovary Mucinous cystadenoma 3 1 42
Mucinous borderline tumor 2 1 3
Mucinous adenocarcinoma 2 1 32
High-grade serous carcinoma 3 0 3
Clear cell carcinoma 3 0 3
Adenocarcinoma with endometrioid, squamous, and intestinal differentiation 1 0 10
Adenocarcinoma, not otherwise specified 1 0 1
Adenocarcinoma with intestinal phenotype 0 1 1
Carcinosarcoma 1 0 1
Metastatic squamous cell carcinoma of cervical origin 0 1 1
Uterus High-grade serous carcinoma 4 0 4
Poorly differentiated carcinoma, not otherwise specified 0 1 1
Clear cell carcinoma 3 0 3
Dedifferentiated/undifferentiated carcinoma 9 0 9
Mixed clear cell/endometrioid carcinoma 1 0 1
Mixed clear cell/high-grade serous carcinoma 1 0 1
Mesonephric-like adenocarcinoma 5 0 5
Neuroendocrine carcinoma 1 3 4
Cervix Benign endocervix 0 1 1
Squamous cell carcinoma 0 5 5
Mesonephric-like adenocarcinoma 1 0 1
Neuroendocrine carcinoma 0 2 2
Breast Fibroadenoma 0 1 1
Atypical ductal hyperplasia 0 2 2
Ductal carcinoma in situ 0 6 6
Invasive ductal carcinoma 0 4 4
Invasive lobular carcinoma 0 1 1
Invasive papillary carcinoma 0 1 1
Lung Adenocarcinoma 0 5 5
Colon Adenocarcinoma 0 6 6
Pleura/peritoneum/pericardium Mesothelioma 0 5 5
Gastroesophageal junction Adenocarcinoma 0 2 2
Stomach Adenocarcinoma 0 4 4
Kidney Clear cell carcinoma 0 6 6
Papillary renal cell carcinoma 0 1 1
Urothelial carcinoma 0 1 1
Bladder High-grade urothelial carcinoma 0 7 7
Pancreas Ductal adenocarcinoma 0 6 6
Total 41 75 116

2Among 4 cases of ovarian mucinous cystadenoma, 1 case showed diffuse, strong reactivity; 2 cases showed only rare positive cells; and 1 case was negative. Among 3 cases of ovarian

mucinous borderline tumor, 2 cases showed patchy reactivity, and 1 case was negative.

®In the case of ovarian adenocarcinoma with endometrioid, squamous, and intestinal differentiation, the mucinous component was negative.

cells. In cases of undifferentiated/dedifferentiated endometrial
carcinoma, the well-differentiated component was positive in 6 of
6 (100%) cases in which it was present, and the undifferentiated/
dedifferentiated component was positive in 5 of 9 (56%) cases.
Benign endometrium present adjacent to the tumor in 6 cases
was also noted to be strongly positive for SOX17. A case of focal

© American Saciety for Clinical Pathology
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cervical squamous cell carcinoma had 1 section that showed only
benign endocervix with no residual carcinoma, and the benign
endocervical glandular epithelium was positive for SOX17. Five
cases of cervical squamous cell carcinoma were negative, 2 cases of
cervical high-grade neuroendocrine carcinoma were negative, and 1

case of cervical mesonephric adenocarcinoma was strongly positive
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for SOX17. Patterns of reactivity in gynecologic tumors evaluated
on whole-tissue sections are shown in [FIEVZ ke, and patterns
of reactivity in non-neoplastic tissue are shown in [FIEVE=. No re-
activity for SOX17 was seen in 43 tumors evaluated from the breast,
colon, lung, esophagus, stomach, kidney, or bladder or in 5 cases of
mesothelioma.

Of 210 cases of breast carcinoma evaluated using TMAs con-
structed in house, 100 were of the triple negative (ER negative, pro-
gesterone receptor negative, and ERBB2 [HER2] negative) phenotype,
50 cases were ERBB2 positive, and 60 cases were ER positive/ERBB2
negative. All cases were negative for SOX17, with H scores below 1. All
99 cases of vulvar squamous cell carcinoma were also negative, with
H scores below 1. Of 119 cases of endometrioid endometrial adeno-
carcinoma, 114 were positive (96%), with mean H scores of 240 and
median H scores of 270. The H score range in positive cases was 6 to
300, and 79% of cases had an H score above 200. SOX17 reactivity in
ovarian tumors using in-house TMAs is reported in [ENEE]. All 205
ovarian tumors were positive for SOX17, including endometrioid ade-
nocarcinoma (5); high-grade serous carcinoma (55); low-grade serous
carcinoma (21); clear cell carcinoma (25); serous borderline tumor
(96); and carcinoma, NOS (3). Immunoreactivity for SOX17 was lower
in endocervical adenocarcinoma (8/20 cases [40%]), with mean H
scores of 171 and median H scores of 208 in positive cases. The H score
range in positive cases of endocervical adenocarcinoma was 20 to
300, and 50% of cases had an H score above 200. SOX17 was negative
(H score <1) in 4 cases of cervical adenosquamous carcinoma and 38
cases of cervical squamous cell carcinoma.

Using the commercially available TMA, SOX17 positivity (H score
>1) was noted in 25 0f 193 (13.0%) tumors. The only organs showing
positive tumors using this TMA were the ovary, uterine corpus, and
testis [QEIME]. Positive tumors included dysgerminoma (3/4 [75%]),
endometrioid adenocarcinoma (8/8 [100%]), high-grade serous
carcinoma (6/6 [100%]), low-grade serous papillary carcinoma (1/1
[100%]), mucinous carcinoma (1/1 [100%]), and seminoma (6/8
[75%]). Tumors from the following organs were negative: adrenal
gland, bladder, breast, brain, cervix, colon, esophagus, head and
neck, kidney, liver, lung, lymph node, pancreas, prostate, rectum,
skin, spleen, stomach, and thyroid gland. Details can be found in
Supplementary Table 1 (all supplementary material is available at
American Journal of Clinical Pathology online).

DISCUSSION

The SOX family consists of 20 proteins organized into 8 groups re-
lated to proper development, adult maintenance, and adaptability."
SOX17 belongs to the SoxF group, which also includes SOX8 and
SOX18. Genes in this group are involved in endoderm development,
cardiogenesis, angiogenesis, and hair development. SOX17 has been
specifically linked to endoderm formation and angiogenesis, and
variations have been associated with pulmonary arterial hyperten-
sion and congenital heart disease.'>"1¢

In this study, we investigated SOX17 IHC as a diagnostic marker in
a variety of tumor types using both whole-tissue sections and TMAs

and quantified expression of SOX17 using the H score method. SOX17
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showed high sensitivity and moderate to strong staining intensity in a
wide variety of gynecologic tumors from the endometrium and ovary;
however, reduced expression was noted in a few tumor types. Tumors
with mucinous differentiation, such as mucinous ovarian tumors
and the mucinous component of endometrioid adenocarcinoma
with mucinous differentiation, showed reduced expression. One
case of ovarian high-grade serous carcinoma showed strong nuclear
reactivity in 10% of the tumor, but the remainder of the tumor was
negative. Undifferentiated endometrial carcinomas showed retained
reactivity in the well-differentiated component, but the undifferen-
tiated component was negative in most cases. Cases of uterine and
cervical high-grade neuroendocrine carcinoma were mostly negative,
as well. Despite these caveats, the preponderance of ovarian and en-
dometrial tumors evaluated was positive for SOX17, with generally
diffuse, strong reactivity.

The specificity of SOX17 for gynecologic tumors in this study rep-
resents a significant advantage over PAX8 in determination of site of
origin. Using whole-tissue sections, SOX17 was negative in all tested
breast, colon, lung, esophagus, stomach, kidney, and bladder lesions
and in 5 cases of mesothelioma. Using the commercially available
TMA, only seminoma showed reactivity for SOX17 outside of uterine
and ovarian tumors. The staining was generally weak to moderate
in seminomas. SOX17, in combination with SOX2, was previously re-
ported to be a useful marker in the classification of testicular germ cell
tumors."” In addition, in-house TMAs with a variety of phenotypically
diverse breast tumors were completely negative for SOX17. SOX17 also
shows potential as a marker to distinguish endometrial cases from
cervical adenocarcinoma cases because only 8 of 24 (33%) cervical
primary tumors with glandular differentiation were SOX17 positive
compared with 96% of endometrial endometrioid adenocarcinoma
cases. In a prior study of SOX17 in human papillomavirus—associ-
ated in situ and invasive cervical lesions, SOX17 was positive in 7 of 11
(64%) adenocarcinoma in situ cases but only 3 of 9 (33%) invasive ad-
enocarcinoma cases, and this downregulation correlated with SOX17
promoter CpG island hypermethylation.’® SOX17 is also expressed
in normal endocervical glandular epithelium and reserve cells but is
negative in normal cervical squamous epithelium and most cervical
low-grade and high-grade squamous intraepithelial lesions, while
SOX2 shows the inverse pattern.””

Only a few other studies have evaluated SOX17 as a diagnostic
marker for tumors of gynecologic tract origin, and they have shown
similar findings. Using commercially available TMAs and whole-
tissue sections, Shaker et al’ studied the utility of SOX17 in a variety
of gynecologic and nongynecologic tumors and reported high levels
of SOX17 expression in ovarian and endometrial tumors, with the
exception of mucinous tumors, and some reactivity in adenocarci-
noma of cervical origin (40%). SOX17 was negative in tumors from
kidney, thyroid, breast, adrenal gland, pancreas, brain, and lung but
was reported to be positive in 2% of liver tumors and 1% of bladder
tumors. Zhang et al® compared SOX17 and PAX8 expression in
ovarian and endometrial tumors and evaluated SOX17 in a variety
of other tumors using TMAs; they reported that SOX17 was positive
in 97.5% of the ovarian tumors studied, while PAX8 was positive

in 97%, although PAX8 showed increased sensitivity in mucinous
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FIGURE 1 Whole-tissue sections (A, C, and E, H&E,100x) and SOX17 immunohistochemical stain (B, D, and F, 100x) of gynecologic tumors with strong
SOX17 reactivity: uterine papillary serous carcinoma (A), mixed endometrial papillary serous and clear cell carcinoma (B), and ovarian clear cell carcinoma (C).
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FIGURE 2 Whole-tissue sections (A, C, and E, H&E, 100x) and SOX17 immunohistochemical stain (B, D, and F, 100x) of gynecologic tumors with
heterogeneous SOX17 reactivity: tubo-ovarian high-grade serous carcinoma with only scattered positive cells (A), strong nuclear reactivity in the
endometrioid component but negative in the dedifferentiated component of an endometrial tumor (B), and reduced reactivity in squamous differentiation in
an endometrioid adenocarcinoma (C).
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FIGURE 3 SOX17 reactivity in whole-tissue sections (A, C, and E, H&E,100x) and SOX17 immunohistochemical stain (B, D, and F, 100x) of gynecologic
tumors with mucinous differentiation: strong, diffuse reactivity in ovarian mucinous adenocarcinoma (A); strong, diffuse reactivity in endometrioid
adenocarcinoma but negative in foci with mucinous differentiation (B); and negative in a mucinous borderline tumor associated with Brenner tumor (C).
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FIGURE 4 SOX17 reactivity in non-neoplastic tissues (A, C, and E, H&E, 100x) and SOX17 immunohistochemical stain (B, D, and F, 100x). Strong
nuclear reactivity in benign endometrial glands and in vascular endothelial cells (A), strong nuclear reactivity in benign endocervical glands and in vascular
endothelial cells (B), and strong nuclear reactivity in vascular endothelial cells providing reliable internal positive control in a case of invasive breast
carcinoma (C).
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TABLE 2 SOX17 Immunoreactivity of Ovarian Tumors Using In-House Tissue Microarrays

Pathology diagnosis Positive cases (H score >1), % Median; range
High-grade serous carcinoma 55 (100) 300; 110-300
Low-grade serous carcinoma 21 (100) 300; 110-300
Serous borderline tumor 96 (100) 300; 100-300
Endometrioid adenocarcinoma 5(100) 240; 30-300
Clear cell carcinoma 25 (100) 220; 20-300
Carcinoma, not otherwise specified 3(100) 110; 80-270
Total 205 (100) 300; 20-300

TABLE 3 Quantitative SOX17 Immunoreactivity in Tumor Types With Any Positive Cases (H Score >1) on Commercially Available Tissue Microarrays

Pathology diagnosis Positive, No. Negative, No. Total, No. (%) H score on positive cases, median, range
Dysgerminoma 3 1 4 (75) 20, 20-230

Endometrioid adenocarcinoma 8 0 8 (100) 180, 50-300

High-grade serous carcinoma 6 0 6 (100) 285, 160-300

Low-grade serous carcinoma 1 0 1(100) 300, NA

Mucinous carcinoma 1 0 1(100) 10, NA

Seminoma 6 2 8 (75) 170, 50-230

Total 25 3 28 (89) —

NA, not applicable.

ovarian carcinoma (0% vs 27%). SOX17 and PAX8 showed similar
high expression in the endometrial tumors studied. SOX17 was
negative in thyroid and renal cell carcinomas, as well as in cervical
squamous cell carcinomas, mesothelioma, and carcinomas from
breast, lung, pancreas, colon, stomach, liver, bladder, and salivary
gland. In a study of the utility of SOX17 in identifying tumors of gyn-
ecologic origin in cytology specimens, Satturwar et al® performed
SOX17 IHC on cell block material in 84 cases and found that 29 of
29 (100%) metastatic gynecologic tumors were positive, while 54 of
55 (98%) metastatic nongynecologic tract tumors were negative. Of
note, the positive nongynecologic tumor was a case of metastatic
papillary thyroid carcinoma, which showed low positivity.

This study adds to the current body of knowledge regarding the
diagnostic utility of SOX17 IHC and has several strengths. We evaluated
many gynecologic and nongynecologic tumor types, including a variety
of breast tumors, and have validated prior TMA findings of negative
SOX17 using whole-tissue sections for nongynecologic tract tumors.
Using the semiquantitative H score method on the TMA cases, we have
shown that most ovarian and endometrial tumors show moderate
to strong SOX17 expression while also confirming prior findings that
mucinous tumors and cervical adenocarcinoma cases show reduced
expression.”® In addition, we evaluated some tumors that were not
represented in prior studies, including 9 undifferentiated/dedifferenti-
ated endometrial tumors, and showed that loss of SOX17 is common in
the undifferentiated/dedifferentiated component. Uterine high-grade
neuroendocrine tumors were mostly negative, and mesonephric-like
adenocarcinoma cases were positive, but several showed only weak
staining intensity. This study was limited by small numbers of some
uncommon tumors, and further investigation of SOX17 IHC is needed
to substantiate the findings in these lesions.
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Although some studies have suggested that decreased expression
of SOX17 may be associated with higher stage and worse prognosis,
larger studies with uniform criteria for quantitation of SOX17 expres-
sion are needed.?*> Based on the available literature and the findings
of this study, however, SOX17 is a useful diagnostic marker, with excel-
lent sensitivity and specificity for ovarian and endometrial epithelial
tumors. Used in conjunction with a panel of immunohistochemical
stains, SOX17 can reliably distinguish between breast and gynecologic

tumors, with improved specificity compared with PAXS8.
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