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ABSTRACT
We describe 22 examples of a novel, usually paratubal, adnexal tumor associated with Peutz-Jeghers syndrome in nearly 50% of cases that harbored STK11 alterations in all tested (n=21). The patients ranged from 17 to 66 (median 39) years and the tumors from 4.5 to 25.5 (median 11) cm. Most (n=18) were paratubal, with metastases noted in 11/22 (50%) and recurrences in 12/15 (80%). Morphologically, they were characterized by interanastomosing cords and trabeculae of predominantly epithelioid cells, set in a variably prominent myxoid to focally edematous stroma, that often merged to form tubular, cystic, cribriform, and microacinar formations, reminiscent of salivary gland-type tumors. The tumor cells were uniformly atypical, often with prominent nucleoli and a variable mitotic index (median 9 per 10 high-power fields). The tumors were usually positive to variable extent for epithelial (CAM5.2, AE1/AE3, cytokeratin 7), sex cord (calretinin, inhibin, WT1), and mesothelial (calretinin, D2-40) markers, as well as hormone receptors. PAX8, SF1, and GATA-3 were rarely positive while claudin-4, FOXL2, and TTF-1 were consistently negative. All sequenced tumors (n=21) harbored alterations in STK11, often with a loss of heterozygosity event. There were no other recurrently mutated genes. Recurrent copy number alterations included loss of 1p and 11q, and gain of 1q, 15q, and 15p.

Despite an extensive morphological, immunohistochemical, and molecular evaluation, we are unable to determine with certainty the histogenesis of this unique tumor. Wolffian, sex cord stromal, epithelial, and mesothelial origins were considered. We propose the term STK11 adnexal tumor to describe this novel entity and emphasize the importance of genetic counseling in these patients as a significant number of neoplasms occur in association with Peutz-Jeghers syndrome. 
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INTRODUCTION

Ever since Dr. Robert E. Scully’s seminal description of the ovarian sex cord tumor with annular tubules (SCTAT) and its frequent association with Peutz-Jeghers syndrome (PJS) 1()
, there has been increased interest in the relationship of sex cord-stromal tumors to hereditary disease. Subsequently identified associations include Sertoli cell tumor in PJS 2()
, juvenile granulosa cell tumor in Ollier disease and Mafucci’s syndrome 3()
, and Sertoli-Leydig cell tumor in DICER1 syndrome 
 ADDIN EN.CITE 
(4)
. Over the years, there have been rare reports of adnexal/paratubal neoplasms in PJS patients 
 ADDIN EN.CITE 
(5-8)
 variably considered in the sex cord-stromal or Wolffian tumor families. The latter has been considered a possible histogenesis by us for these unusual tumors leading to the inclusion of three of them in a recent study of Wolffian tumors 9()
. These three tumors, all unassociated with PJS, were found to have a similar morphologic appearance and STK11 mutations. Further review of these tumors as well as our expanded experience with new cases has led us to conclude that this neoplasm is distinctive and of uncertain histogenesis. We draw further attention to this tumor here (henceforth designated STK11 adnexal tumor), with a large cohort, elaborate on its clinicopathological and molecular features, and discuss its differential diagnosis and association in a subset with PJS.

MATERIALS AND METHODS
Case Procurement:


After institutional review board approval, a total of 22 cases were retrieved. The first five tumors had been recently reported as part of two different series 
 ADDIN EN.CITE 
(7, 9)
, and subsequent search of institutional archives and consultation files identified ten additional cases. We also performed an extensive PubMed literature search for “Peutz Jeghers ovary”, “sex cord tumor unclassified”, “extraovarian sex cord tumor”, “fallopian tube sex cord”, and “Female Adnexal Tumor of Probable Wolffian Origin (FATWO)”, which resulted in five other cases, four of which had available material for review 
 ADDIN EN.CITE 
(5, 6, 10-12)
. Two tumors were identified from the gynecologic pathology listserve, and one from an abstract at a recent pathology conference. The submitting pathologists considered a wide variety of diagnoses with FATWO and some variant of sex cord-stromal tumor being the most common (n=9 for each). Miscellaneous other diagnoses were suggested for the remaining tumors. 

Clinicopathologic Evaluation:


Clinical information and follow-up were retrieved from the medical records or referring pathologist. Macroscopic features including tumor size and location were obtained from the original pathology reports or consultation letters. The number of hematoxylin and eosin stained slides available ranged from 1 to 42 (mean 9, median 8) and were reviewed for a variety of morphological features (see results).
Immunohistochemical Evaluation: 
If not previously performed and material was available, immunohistochemical stains for CAM5.2, inhibin, calretinin, SF1, FOXL2, ER, PR, AR, PAX8, GATA-3, and CD10 (Supplemental File 1) were applied to a representative 5-μm thick section of formalin-fixed, paraffin-embedded tumor. Appropriate controls were run in tandem. Antibodies were considered positive if nuclear (SF1, FOXL2, ER, PR, AR, PAX8, GATA-3), cytoplasmic (CAM5.2, inhibin), nuclear +/- cytoplasmic (calretinin), or cytoplasmic/membranous (CD10) staining was present. Stains were scored for both extent (percentage of positive cells) and intensity (1+ weak, 2+ moderate, 3+ strong). If the stained slide was not available for review, results were obtained from the original pathology report. If stains were previously performed for EMA, CK7, WT1, TTF1, D2-40, and p63, these results were also recorded. 
Targeted Massively Parallel Sequencing:
For tumors for which sequencing had not been previously performed (n=15), genomic DNA was extracted from representative macro-dissected formalin-fixed paraffin-embedded (FFPE) sections using the QIAamp DNA FFPE Tissue Kit (Qiagen, Valencia, CA) according to manufacturer’s instructions. Massively parallel sequencing was performed using the targeted, hybrid capture 1,213-gene OncoPlus panel at the University of Chicago, as previously described 
 ADDIN EN.CITE 
(9, 13)
. Somatic mutation calling was performed across all 1,213 genes with a variant allele frequency (VAF) of at least 10% using a custom in-house bioinformatics pipeline as previously described 
 ADDIN EN.CITE 
(13)
. Variant review was performed by a molecular pathologist (LR) and included filters based on population variant frequencies (Exome Aggregation Consortium, http://exac.broadinstitute.org/, with germline variants filtered out at a frequency above 0.001), variant frequencies in cancer databases (COSMIC: catalogue of somatic mutations in cancer https://cancer.sanger.ac.uk/cosmic and cBioPortal https://www.cbioportal.org/), and coding effects. Somatic variant calls were inspected using Integrated Genomics Viewer (IGV; Broad Institute, MIT Harvard, Cambridge, MA). STK11 mutations were assessed for loss of heterozygosity (LOH) by evaluating the following parameters: estimated tumor cell purity, STK11 mutation VAF, local copy number status, and adjacent single nucleotide polymorphism VAF. The five-tier pathogenicity classification described by Plon and colleagues was used to categorize variants 
 ADDIN EN.CITE 
(14)
.

Four of the five tumors that failed quality control measures by OncoPlus were subjected to DNA extraction using the DNeasy Blood & Tissue Kit (Qiagen) and to MSK-IMPACT, a massively parallel sequencing assay targeting all exons and selected introns of 468-505 cancer-related genes 
 ADDIN EN.CITE 
(15)
, at Memorial Sloan Kettering Cancer Center’s Integrated Genomics Operation using validated protocols 
 ADDIN EN.CITE 
(16, 17)
. Sequencing data were analyzed and mutations identified using validated bioinformatics methods
 
(16, 17)
. Copy number alterations and LOH were defined using FACETS 18()
 as described 
 ADDIN EN.CITE 
(16, 17)
. Mutations affecting hotspot codons were annotated according to Chang et al 
 ADDIN EN.CITE 
(19)
.
RESULTS
Clinicopathologic Features:


The patients ranged from 17 to 66 (mean 40, median 39) years and eight (47%; no information in five) had PJS. Presentations included abdominopelvic pain or mass, abdominal distension, urinary tract symptoms, and abnormal uterine bleeding; three tumors were incidentally identified during Cesarean section or hysterectomy for benign conditions. Most were paratubal (n=18) with five showing direct extension into the ovary and/or fallopian tube wall/lumen (Figure 1). Two tumors appeared to originate in the ovary, while another was attached to the uterine serosa. One tumor was characterized by multiple nodules throughout the pelvis and abdomen with no dominant mass. Metastatic disease at time of diagnosis was present in 11 patients with omentum and uterine serosa being the most frequent sites. The tumors ranged from 4.5 to 25.5 (mean 12.4, median 11; unknown in four) cm and were either solid (n=11), solid and cystic (n=7), or cystic (n=1), and variable in color (tan, white, gray, pink, yellow) (Figure 2); details of gross features are not known to us in three cases. Hemorrhage and necrosis were often present. Clinical features are summarized in Table 1.
The tumors had a diverse histologic spectrum; however, most were densely cellular with an assortment of epithelial patterns present in variable amounts. Interanastomosing cords and trabeculae were most common and often merged with tubular, cystic, cribriform, and microacinar formations (Figure 3). Solid growth, large nests, or broad columns frequently punctuated by acini that became dilated and formed cysts (Figure 4) were seen in seven cases. A focal whorled arrangement of cells was noted in eight tumors, which in one superficially resembled glomeruli, while another had a prominent nodular growth set in an edematous stroma (Figure 5). A focal macrofollicular pattern, pseudofollicular or pseudopapillary growth likely secondary to degeneration, and scattered macrocysts were each seen in two tumors (Figure 6A). A true papillary architecture, sometimes with a villoglandular configuration, was noted in three tumors. (Figure 6B-6D). Five tumors showed uniform tiny acini and cords that in one case mimicked metanephric adenoma (Figure 7A). One tumor had a focally striking biphasic growth of glands, some elongated with a vague phyllodes-type architecture, surrounded by spindle cells in a prominent loose edematous stroma (Figure 7B). Basophilic and less commonly eosinophilic secretions were seen within acini, cysts, and follicles. The stroma ranged from scant to abundant being either myxoid, edematous, or loosely collagenous and in one tumor was extensively hyalinized. A myxoid matrix that enveloped the tumor cells was especially striking in tumors with a dominant corded or trabecular growth. 
Most tumors were primarily composed columnar to cuboidal cells, but a spindled morphology (Figure 8A) was seen in 40% and predominated in two. Nuclei were round to ovoid with irregular, often angulated contours and vesicular chromatin but lacked overt pleomorphism; giant cells were absent. Most nuclei had prominent nucleoli (n=18) and nuclear grooves were not infrequent but were typically inconspicuous (n=17) (Figure 8B). The cytoplasm ranged from eosinophilic, to finely vacuolated, to clear (Figure 8C-8D). In three tumors, two types of cells were apparent (Figure 9A). One population had a rhabdoid appearance, while the second was composed of small cuboidal cells with round nuclei and scant cytoplasm. A vaguely squamoid appearance was minimally present in nine tumors (Figure 9B). Vacuolated cells with eccentric nuclei (signet ring-like) were noted in two tumors (Figure 9C). Mitoses ranged from 2 to 20 (mean 10, median 9) per 10 high-power fields. Tumor cell necrosis was infrequent (n=4) as was infarct-type necrosis (n=2). Bland appearing mucinous epithelium seen as strips and focally forming glands was intimately admixed with the neoplastic cells in one PJS case (Figure 10A-10C). No apparent morphologic differences were observed between PJS-associated and sporadic tumors.
Microscopic SCTATs (Figure 10D) were noted in either the ipsilateral and/or contralateral ovaries of six patients. Mesonephric remnants were present next to one tumor, while another neoplasm exhibited foci of peripheral luteinization of the ovarian stroma. Recurrences available for review (n=6) were morphologically similar to the primary tumor except in one case which had large cribriform nests with a salivary gland-like appearance in contrast to a solid and spindled morphology seen in the original specimen.
Immunohistochemistry:

Immunohistochemical results are summarized in Table 2. All tumors evaluated were positive for cytokeratins including CAM5.2 in 16/17 (94%) or AE1/AE3 in 13/14 (93%). Staining was typically strong, but variable in extent for both markers. EMA showed weak to moderate staining in < 10% of cells in 5/17 (29%) tumors, while claudin-4 was consistently negative (n=6). Cytokeratin 7 was positive, often focally, in 9/15 (60%). Inhibin was expressed in 19/21 (90%) tumors and calretinin in 100% (n=21), with calretinin typically being stronger and more diffuse than inhibin. Only 6/20 (30%) neoplasms were SF1 positive, with staining confined to < 20% of the cells, while all tumors (n=16) were negative for FOXL2. All neoplasms (n=16) were positive for WT1 with most showing moderate to strong, diffuse (> 50%) expression. Hormone receptors were frequently positive and included AR in 13/14 (93%), ER in 16/20 (80%), and PR in 13/17 (76%). ER and PR staining was typically moderate to strong while AR was weak to moderate. ER staining was often diffuse, whereas PR and AR varied in extent. Strong PAX8 expression was noted in 5/20 (25%) and staining was usually limited (< 25%) but was diffuse (65%) in the tumor lacking a dominant mass (case 14). Weak and very focal (5%) GATA-3 staining was observed in one tumor, while TTF-1 was consistently negative (n=9). CD10 was positive, usually focally, in 17/21 (81%) neoplasms, while D2-40 was variably expressed in 9/12 (75%). Moderate, but rare (< 1%) p63 staining was noted in one tumor. No obvious immunohistochemical differences were noted between PJS-associated and independent tumors.
STK11 Alterations:
Sequencing was successful in 14/15 (93%) tumors. Altogether alterations in STK11 were identified in 21 neoplasms and included pathogenic mutations in 15 (71%) tumors, variants of uncertain significance in three (14%), and STK11 deletions in three (14%) STK11-wildtype neoplasms (Table 3). Of the 15 tumors with pathogenic STK11 mutations, there was evidence of a LOH event in 11/12 (92%, data unavailable in three), the majority of which appeared to have a deletion of the wild-type allele (n=10; 91%). Of the seven patients with PJS, four had pathogenic variants detected in STK11, two had variants of uncertain significance, and one had a deletion. However, only sequencing of the tumor and not normal tissue was performed; therefore, germline status could not be confirmed. Very few additional pathogenic mutations were identified and are listed in Table 3, while all variants are summarized in Supplemental File 2 (data available only for cases sequenced in the current or prior FATWO 9()
 studies). Arm-level copy number variations were identified in all neoplasms for which data was available (n=19) (Supplemental File 3). Recurrent copy number alterations included loss of 1p (15; 79%), gain of 1q (14; 74%), gain of 15q (6; 32%), loss of 11q (5; 26%), and gain of 15p (3; 16%).
Follow-Up:

Nine of 19 (47%; unknown in three) patients received adjuvant therapy including chemotherapy (n=8) or pelvic radiation (n=1). Follow-up was available for 15 (68%; four recent) patients and ranged from 8 to 132 (mean 47, median 36) months with four (27%) alive and well, six (40%) alive with disease, three (20%) dead of disease, and two (13%) dead of other causes. Recurrences occurred in 12 (80%) at 3 to 79 (mean 29, median 17) months after initial diagnosis, most commonly in the omentum, abdominal wall, peritoneum, or pelvis. One recurrence (case 15) was associated with elevated serum testosterone, which became undetectable upon excision.
DISCUSSION
We have described a histologically diverse adnexal tumor with a variety of unusual aspects. Our experience with this entity is two-fold. First, throughout the last 20 or so years, two of us (RHY and EO) have sporadically seen in consultation an unusual neoplastic proliferation in the adnexa of patients with PJS that did not fit into any specific diagnosis, although we considered a Wolffian origin as a possibility in part because of the paratubal location. Recently, however, this entity was brought to the forefront in our study on Wolffian tumors in which we highlighted three unusual tumors with a characteristic morphology and STK11 mutations 9()
. Further literature review identified several morphologically similar tumors, diagnosed as various entities 
 ADDIN EN.CITE 
(5-7, 10-12, 20)
. Their exact nature has proved perplexing and at this time, we still cannot be certain of their histogenesis. Below we summarize the cardinal features of STK11 adnexal tumors and discuss their differential diagnosis.
These tumors occur over a broad age range (17 to 66 years) and except for a diagnosis of PJS in approximately 50% of patients, lack any distinctive clinical features. Although many are initially presumed to be tubal or ovarian primaries, careful pathologic examination usually reveals a paratubal origin (82%). Endocrine or paraendocrine manifestations are rare with only one recurrence (case 15) associated with elevated serum testosterone 11()
. Grossly the tumors do not have any unique features and are typically solid with a cystic component in approximately one-third. On basic architectural and cytological features principles the neoplasms are clearly malignant with a locally infiltrative growth. This is borne out by an aggressive clinical course in 80% of the patients.
Overall, the most striking aspect is the diversity of histologic patterns within individual tumors with most being seen in each one but to varying degrees. The histologic features can basically be divided into corded, trabecular, salivary gland-like, solid, and papillary, with variations in these fundamental patterns resulting in mimicry of a variety of tumors detailed in the differential diagnosis below. While all of these patterns may be seen in many ovarian 21()
 and extraovarian female genital tract tumors, their aggregate presence enriched by the striking myxoid matrix, imparts a distinct appearance to these tumors. Immunohistochemically, they often express cytokeratins, and although most sex cord markers are positive (inhibin, calretinin, WT1), SF1 is typically negative or only focally positive, while FOXL2 is consistently negative. They all harbor STK11 alterations, often with LOH, and many show arm-level copy number variations in 1p and 1q. Very few additional alterations are noted, and those present are non-recurring. Notably, three tumors (cases 7, 12, 15) were haploinsufficient for STK11. Whether STK11 haploinsufficiency is enough to initiate tumor development in humans is unknown, but has been demonstrated in mouse models, and may possibly be related to a heterozygous tumor suppressor gene microenvironment 
 ADDIN EN.CITE 
(22-24)
.
 
The differential diagnosis is broad, as evidenced by the variety of diagnoses rendered both in the literature and the cases presented here. The most frequent diagnosis was FATWO, which is fitting as they are usually paratubal, show a variety of histological patterns, and have a nonspecific immunoprofile. However, a myxoid matrix is not typical of FATWOs, which also tend to show characteristic architectural patterns including a sieve-like growth, low-grade cytologic features, rare mitoses, and lack recurring molecular alterations 
 ADDIN EN.CITE 
(7, 9)
. Even though FATWOs are presumed to derive from mesonephric remnants, they do not share most immunohistochemical (positive GATA3 and TTF1, negative ER) or molecular features (KRAS, NRAS, ARID1A/B mutations or loss of 1p and gain of 1q) with mesonephric carcinomas of the lower genital tract, another mesonephric-derived neoplasm 
 ADDIN EN.CITE 
(7, 9, 25)
. In contrast, STK11 adnexal tumors often show 1p loss (79%) and 1p gain (74%) as seen in mesonephric carcinomas, but are typically ER positive and GATA3 and TTF1 negative unlike the latter 26()
. Two tumors (cases 14 and 17) arose in the peritoneum/parametria and uterine serosa; as mesonephric remnants may persist in these areas, a wolffian origin may explain these locations.

Other common diagnoses for STK11 adnexal tumors included those in the sex cord-stromal tumor family, which is justified as the former often have sex cord-like growth, nuclear grooves, positivity for sex cord markers, and are generally EMA negative. However, their morphology is not typical of any known sex cord-stromal tumor, and they lack FOXL2 expression and associated FOXL2 mutations as well as DICER1 mutations. Only two of our tumors were favored to have an ovarian origin, but as extraovarian sex cord-stromal tumors occur 
 ADDIN EN.CITE 
(5, 11)
, it is plausible to consider that diagnosis in these cases given their overall features. The tumor in the uterine serosa (case 17), as well as one presenting as a pelvic mass behind the uterus (case 22), were initially diagnosed as a uterine tumor resembling ovarian sex cord tumor. Immunohistochemically, all evaluated STK11 adnexal tumors were strongly and diffusely positive for calretinin and WT1, markers sensitive, but not specific for sex cord differentiation 27()
. More specific markers, such as inhibin 28()
, SF1 29()
, and FOXL2 
 ADDIN EN.CITE 
(30)
 showed variable results. Inhibin was usually positive, although generally in < 50% of the tumor, SF1 was at most focally positive, while FOXL2 was consistently negative. Interestingly, LOH at 19p13.3, the chromosomal location of STK11, has been described in 12/29 (41%) sex cord-stromal tumors, with the highest frequency at chromosome marker D19S894, located 3 mb centromeric to STK11 31()
. However, none of these tumors harbored a STK11 mutation or promoter methylation.
Several tumors were previously classified as Mullerian adenocarcinomas presumably due to their gland-like/tubular formation, squamoid-like foci, and broad-spectrum cytokeratin, WT1, and calretinin 32()
 expression, as may be seen in endometrioid carcinomas. However, the latter are typically claudin-4, PAX8, and EMA positive, and only rarely exhibit inhibin positivity 
 ADDIN EN.CITE 
(29)
. Furthermore, none of our STK11 adnexal tumors harbored mutations characteristic of endometrioid carcinomas (i.e. ARID1A, PTEN, PIK3CA, KRAS, CTNNB1), and also did not have morphologic or immunohistochemical (ER positive, GATA-3 and TTF-1 negative) characteristics of those referred to as mesonephric-like carcinomas 
 ADDIN EN.CITE 
(26, 33, 34)
. Although STK11 mutations are well-recognized in non-Mullerian adenocarcinomas including those of the lung, pancreas, breast, and thyroid, they are virtually non-existent in Mullerian adenocarcinomas with the exception of gastric-type adenocarcinoma and invasive stratified mucin producing carcinoma, both occurring in the endocervix 
 ADDIN EN.CITE 
(35, 36)
. Of note, endometrioid carcinomas of the fallopian tube that resemble FATWO have been reported, but share immunohistochemical and molecular profiles with endometrioid carcinomas rather than FATWOs 37()
.  

As the pelvic peritoneum is lined by mesothelium it is appropriate to consider mesothelioma in the differential diagnosis. This is further supported by the fact that mesotheliomas can have various architectural patterns, express WT1, calretinin, and D2-40, and are negative for claudin-4, all features characteristic of the tumors described here. However, despite the histologic diversity of peritoneal mesothelioma 38()
, the routine morphology of the tumors described herein would be distinctively unusual in mesothelioma. Also, STK11 adnexal tumors usually form a discrete mass in contrast to the more diffuse or plaque-like growth of mesotheliomas, although localized examples do occur 
 ADDIN EN.CITE 
(39)
. We did not specifically test for immunohistochemical expression of newer markers helpful in the diagnosis of mesothelioma (i.e. BAP1 and MTAP), but neither BAP1 mutations nor homozygous deletions of MTAP were identified by sequencing. Rarely, malignant mesotheliomas, in particular those in the pleura, may harbor STK11 mutations, but these occur in association with other alterations (i.e. BAP1 mutations and/or CDKN2A/B deletions) 
 ADDIN EN.CITE 
(40-42)
. Electron microscopic findings were available for three tumors, and findings suggestive of mesothelioma (long, thin apical microvilli lacking a glycocalyx, perinuclear tonofilament bundles, and long desmosomes) 
 ADDIN EN.CITE 
(43)
 were lacking. Moreover, hormone receptors are only rarely expressed in mesotheliomas 
 ADDIN EN.CITE 
(44, 45)
 whereas most of our adnexal tumors showed some positivity.

Primary salivary gland neoplasms, such as adenoid cystic carcinoma and myoepithelioma, have rarely been reported in the ovary 
 ADDIN EN.CITE 
(46-48)
, but not in a paratubal location to our knowledge. While their origin is unclear, they have been speculated to arise from ectopic salivary gland tissue or a teratoma. As in the salivary gland, these tumors are characterized by a dual population of cells (epithelial/ductal and myoepithelial) often recognized by light microscopy and highlighted with immunohistochemistry. As a dual population was not noted in most of our adnexal tumors, it is unlikely they represent true salivary gland neoplasms. However, ovarian tumors with an adenoid cystic appearance have been reported, but usually arise in association with a surface epithelial carcinoma, also not seen in this cohort 49()
.
The most fascinating clinical aspect of these tumors is the occurrence of ~50% of them in patients with PJS. This adds to the assortment of neoplastic processes that may be encountered in these patients which in rough order of frequency, in the ovary, are SCTAT 50()
, Sertoli cell tumor 51()
, two cases of a distinctive sex cord tumor of otherwise uncertain nature 52()
, and mucinous tumors. Extraovarian lesions seen in these patients include gastric-type adenocarcinoma of the cervix and mucinous metaplasia of the fallopian tube 
 ADDIN EN.CITE 
(50, 53, 54)
. The neoplasms reported here, bear no similarity to the above entities with the provocative possible exception of one neoplasm that had abundant mucinous epithelium. In as much as mucinous metaplasia of the fallopian tube has been seen in some PJS patients we entertained that as the explanation for it in this case but did not discern a definitive association with tubal epithelium. It is possible that the tumor had effaced such an association.

In summary, there are four rather distinctive aspects of STK11 adnexal tumors. First is their paratubal/adnexal location, second is the remarkable spectrum of microscopic features which currently defies certain categorization, third is the common association with PJS, and fourth, the recurrent STK11 alteration in tumors from both PJS and non-PJS patients. The histogenesis of these tumors remains an enigma, and further studies, especially those focusing on transcriptomic, epigenetic, and proteomic analysis will hopefully aid in answering this question.
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FIGURE LEGENDS
Figure 1
Tumor extensively involving the ovary (A) and fallopian tube (B). Note barely conspicuous flattened tubal epithelium on the left (C).
Figure 2
Multinodular solid yellow mass (A). Large cystic neoplasm focally lined by yellow nodules (B).
Figure 3
Interanastomosing cords and trabeculae (A), cysts and myxoid matrix (B), cribriform pattern (C), and closely packed microacini (D).
Figure 4
Solid growth (A), broad columns (B), and large nests punctuated by acini containing basophilic secretions (C).
Figure 5
Whorling of tumor cells (A), vaguely glomeruloid appearance (B, circle), nodules of varying sizes set in an edematous background (C).
Figure 6
Macrocysts (A), papillae with edematous (B) or eosinophilic (C) cores, villoglandular pattern (D).
Figure 7
Microacini mimicking metanephric adenoma (A), biphasic growth with focally dilated glands set in an edematous stroma (B).
Figure 8
Spindle cells (A), epithelioid cells with occasional nuclear grooves (B), clear cytoplasm (C), and eosinophilic cytoplasm with focally prominent nucleoli (D). 
Figure 9
Cells with abundant eosinophilic cytoplasm alternating with cells with scant cytoplasm (A), nests with a vaguely squamoid appearance (B), prominent vacuoles focally imparting a signet ring-like appearance (C).
Figure 10
Bland mucinous epithelium arrayed as strips and forming glands admixed with tumor (A-C). Incidental sex cord tumor with annular tubules (D).
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