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Abstract: Clear cell carcinomas of Müllerian origin have a strong female predominance and only
extremely rarely will arise within the kidney, presumably due to ectopic Müllerian embryogenesis.
Herein, we report a unique case of metastatic Müllerian type clear cell carcinoma in a 37-year-old
patient who had previously received a transplanted kidney from his father at age 11 (due to severe
bilateral vesicoureteral reflux) and remained on chronic immunosuppression. The tumor was highly
aggressive and demonstrated somatic mutations in NF2 and SETD2. Imaging of the transplanted
kidney did not reveal any clear evidence of malignancy. However, targeted multigene sequencing and
short tandem repeat testing revealed that the cancer was of donor origin, presumably from ectopic
Müllerian tissue transplanted to the patient along with the kidney graft. The tumor was resistant
to first-line therapy with a triple combination of carboplatin plus paclitaxel plus bevacizumab, as
well as to second-line immunotherapy with nivolumab plus ipilimumab after tapering down the
patient’s immunosuppression. Despite the tumor being genetically distinct from the host, the use of
immune checkpoint therapy with nivolumab plus ipilimumab did not yield a response. This unique
case showcases the value of molecular testing in determining the tumor origin in patients with solid
organ transplants who present with cancers of unknown primary. This can prompt the potential
investigation of other recipients from the same donor.

Keywords: clear cell carcinoma; Müllerian type; transplant kidney; short tandem repeat testing;
next-generation sequencing

1. Introduction

Clear cell carcinomas (CCCs) of the Müllerian system are relatively rare entities that
predominantly arise in the female genital tissues (endometrium, ovary, uterine cervix,
and vagina), affecting women and girls of all age groups [1–3]. Conversely, CCC of the
Müllerian type very rarely arises in the male genitourinary (GU) tract, presumably due to
ectopic Müllerian embryogenesis [4]. In the majority of such cases, the CCC occurs in the
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bladder and urethra, whereas CCC of the upper urinary tract is exceedingly rare, with less
than five cases reported to date [5]. Although a case of conventional urothelial carcinoma
with divergent Müllerian-type CCC differentiation arising from the renal pelvis of a kidney
graft in a male patient was recently reported [6], CCC of the Müllerian type arising from
transplanted organs has not been described to date. Herein, we report a unique case of
metastatic Müllerian-type CCC in a young male patient arising from a kidney transplant
of paternal origin. Although the tumor was initially misclassified at the external hospital
as clear cell renal cell carcinoma (RCC), a comprehensive work-up facilitated the correct
diagnosis and tailored management of this rare and aggressive histology.

2. Case Presentation

2.1. Initial Clinical Presentation
A 37-year-old male presented with a 4-day history of right lower abdominal pain,

nausea, and vomiting. His past medical history was significant for hypertension and
genitourinary dysplasia. He consequently developed vesicoureteral reflux, eventually
nephropathy, for which he underwent left nephrectomy at the age of 1 year. Over the sub-
sequent years, the vesicoureteral reflux gradually led to right kidney atrophy, necessitating
hemodialysis. At the age of 20 years old, he subsequently underwent a living, related
kidney transplant in the right pelvis donated by his father. After the kidney transplant, he
remained on chronic immunosuppression with stable doses of tacrolimus 1.5 mg per os
(PO) twice daily, prednisone 5 mg PO daily, and azathioprine 150 mg PO daily.

2.2. Diagnostic Imaging
Computed tomography (CT) imaging performed at the time of presentation in the

emergency room was consistent with acute appendicitis with prominent retroperitoneal
and pelvic lymph nodes (Figure 1A). The imaging also revealed an empty left renal fossa,
an atrophic right native kidney, and a transplanted kidney with multiple cysts of varying
densities that were otherwise unremarkable, with no evidence of malignancy (Figure 1B,C).
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Figure 1. (A) Coronal CT imaging showing acute appendicitis (arrow) at presentation. (B) Coronal 
CT view of the native right atrophic kidney (arrow). (C) Axial CT view of the right pelvic kidney 
transplant, which harbored cysts of varying densities (arrow). (D,E) T1-weighted MRI view of the 
right pelvic kidney transplant, which demonstrated T1 hyperintense signal (D) that did not enhance 
with gadolinium contrast (E) and was thus suggestive of a proteinaceous/hemorrhagic cyst. 

2.3. Surgery and Histopathologic Work-Up 
The patient subsequently underwent appendectomy. Omental nodules were noted, 

which were biopsied during the surgery. Pathology showed acute appendicitis and 
perforation, as well as an unusual peri-appendiceal heterogeneous neoplasm that was 
composed of both solid and tubular components with clear cell morphology (Figures 2A, 
B). The biopsied peritoneal nodules showed a similar morphology (Figure 2C). 

Figure 1. (A) Coronal CT imaging showing acute appendicitis (arrow) at presentation. (B) Coronal
CT view of the native right atrophic kidney (arrow). (C) Axial CT view of the right pelvic kidney
transplant, which harbored cysts of varying densities (arrow). (D,E) T1-weighted MRI view of the
right pelvic kidney transplant, which demonstrated T1 hyperintense signal (D) that did not enhance
with gadolinium contrast (E) and was thus suggestive of a proteinaceous/hemorrhagic cyst.

2.3. Surgery and Histopathologic Work-Up
The patient subsequently underwent appendectomy. Omental nodules were noted,

which were biopsied during the surgery. Pathology showed acute appendicitis and perfora-
tion, as well as an unusual peri-appendiceal heterogeneous neoplasm that was composed of
both solid and tubular components with clear cell morphology (Figure 2A,B). The biopsied
peritoneal nodules showed a similar morphology (Figure 2C).

Initial pathology evaluation at the community center where the appendectomy took
place diagnosed the tumor as a clear cell RCC. However, the morphological features were
unusual for clear cell RCC, and subsequent immunohistochemical (IHC) staining at our
institution was consistent with Müllerian-type CCC (Table 1) [7–9]. Notably, there was
positive staining for Napsin-A, P504S (AMACR), and HNF-1� (Figure 3).
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Figure 2. (A) Histological evaluation via hematoxylin and eosin staining showed a peri-appendiceal 
lesion, with the area in the blue rectangle magnified in (B) and revealing an unusual heterogeneous 
neoplasm composed of solid and tubular components with clear cell morphology. (C) The peritoneal 
lesion showed a similar morphology. 
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Table 1. Immunohistochemical markers tested on tumor cells. 

Positive Markers Negative Markers 

• PAX8 
• RCC 
• Cytokeratin 903 
• CD10 
• HNF-1β 
• Napsin-A 
• P504S 
• BAP1 (intact) 

• TTF-1 
• GATA3 
• Cytokeratin 5/6 
• Cytokeratin 20 
• Cytokeratin 7 
• p63 
• S100 
• OCT4 
• PAX2 
• Mesothelin 
• Calretinin 
• CDX-2 
• PLAP 

 
Figure 3. Immunohistochemical staining of the patient’s tumor was positive for PAX8, RCC, HNF-
1β, and cytokeratin 903 and negative for TTF-1, with the corresponding hematoxylin and eosin-
stained section for the same region of interest. All panels are at 100× magnification. 
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lesion, with the area in the blue rectangle magnified in (B) and revealing an unusual heterogeneous
neoplasm composed of solid and tubular components with clear cell morphology. (C) The peritoneal
lesion showed a similar morphology.
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Biopsy of the transplanted kidney was negative for malignancy and was consistent
with longstanding hypertensive nephrosclerosis, with no evidence of transplant glomeru-
lopathy or thrombotic microangiopathy on light and electron microscopy, although per-
itubular capillaries demonstrated focal mild increases in peritubular capillary basement
membrane layers (up to 5 layers). There was a single glomerulus with segmental sclerosis,
while podocyte foot processes were generally preserved. There was no evidence of active
rejection; however, arterial and arteriolar nephrosclerosis were noted with 38% global
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glomerulosclerosis (12/32 glomeruli in all specimens) and 10% interstitial fibrosis with
tubular atrophy.

A diagnosis of Müllerian-type CCC (possibly arising from the peritoneum) was tenta-
tively made. An enlarged right pelvic lymph node was subsequently biopsied and showed
the same malignant histologic features as the peri-appendiceal and omental lesions. IHC for
PD-L1 (using the 22C3 antibody) of the metastatic lymph node biopsy showed the tumor
cells to be non-immunoreactive. Tumor-associated lymphocytes and macrophages were
also negative for PD-L1 expression; a combined positive score was approximately zero.
Serum alpha-fetoprotein (AFP) was 8.3 ng/mL, �-human chorionic gonadotropin (�-HCG)
was 1.2 mIU/mL, lactate dehydrogenase (LDH) was 166 U/L, CA 19-9 was 5.6 U/mL, and
carcinoembryonic antigen (CEA) was undetectable, while CA 15-3 was slightly elevated at
39.4 U/mL, and CA-125 was substantially elevated at 228 U/mL.

2.4. Molecular Testing Results
Germline testing (Invitae) was negative for germline pathogenic variants in any of the

following analyzed genes: ATM, BAP1, BRCA1, BRCA2, CDH1, CHEK2, EPCAM, FH, FLCN,
MET, MITF, MLH1, MSH2, MSH6, PALB2, PMS2, PTEN, SDHB, SDHC, SDHD, STK11, TP53,
TSC1, TSC2, and VHL.

Matched tumor-normal (peripheral blood) DNA sequencing targeting 134 genes via
polymerase chain reaction (PCR)-amplicon-based target capture next generation sequencing
(NGS) [10] of the peritoneal metastasis biopsy, and subsequent lymph node metastasis
biopsies identified an NF2 frameshift deletion and SETD2 missense single nucleotide
variant (Table 2), as well as no gene fusions. This was the largest panel available at our
institution at that time and included evaluation of amplifications in 47 genes (in which
none were detected). Of note, neither VHL nor an assessment of copy number losses were
included in the panel. Several polymorphisms were identified in both the patient’s tumor
and blood samples at near heterozygous variant allele frequencies (VAFs). In addition, at
least 7 variants (with VAFs similar to the NF2 and SETD2 mutations) were identified in
the tumor samples, which are well-characterized single nucleotide polymorphisms (SNP)
frequently present in population databases, such as the Single Nucleotide Polymorphism
Database (dbSNP). However, these variants were not identified in the patient’s matched
peripheral blood samples (Figure 4).

Table 2. Molecular analysis of tumor tissue and peripheral blood obtained from the patient and the
transplant donor (patient’s father).

Variant Allele Frequency (VAF)

Peritoneal

Metastasis

Lymph Node

Metastasis
Patient Blood

Transplant

Donor Blood

Somatic mutations in tumor only

NF2 c.781del p.I261fs 8% 28% 0% 0%
SETD2 c.4687G > C p.G1563R 13% 31% 0% 0%

SNPs in tumor and patient’s blood

Multiple SNPs ~50% ~50% ~50% 0%
Common SNPs in tumor but not patient’s blood

7 SNPs 8–10% 20–34% 0% ~50%

SNPs: single nucleotide polymorphisms.

However, these SNPs were identified in sequencing of the donor’s blood. Subsequent
PCR-based short tandem repeat (STR) testing using 24 loci of the patient’s tumor sample, the
patient’s peripheral blood, and the donor’s peripheral blood demonstrated that: (1) 11/12
informative markers detected in the patient’s tumor were also identified in the patient’s
peripheral blood, and (2) 12/12 informative markers detected in the patient’s tumor were
also identified in the donor’s peripheral blood. Overall, the alleles detected in the patient’s
tumor sample comprised a mixture of the patient and the donor. Therefore, the targeted
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matched tumor-normal sequencing and STR testing of this metastatic cancer of unknown
primary traced the origin to the patient’s kidney transplant. This established the final
diagnosis of metastatic Müllerian-type CCC of kidney transplant origin.
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2.5. Management and Outcomes
Re-staging imaging one month after the appendectomy revealed widely metastatic

retroperitoneal and pelvic lymphadenopathy with peritoneal carcinomatosis and ascites.
The patient was subsequently started on cytotoxic chemotherapy with carboplatin AUC 5,
paclitaxel 175 mg/m2, and bevacizumab 15 mg/kg every 3 weeks, a regimen known to
be effective in advanced ovarian CCC [11]. However, the tumor quickly progressed after
3 cycles of this therapy. His azathioprine was tapered off, and he was subsequently started
on nivolumab 3 mg/kg in combination with ipilimumab 1 mg/kg every 3 weeks. The
patient received two cycles of this immunotherapy and succumbed to his disease within
6 months of the diagnosis.

3. Discussion

Intraperitoneal Müllerian-type CCC is an especially rare malignancy, which often
requires advanced diagnostic techniques to make the diagnosis. Our patient represents
the first reported case of Müllerian-type CCC of donor origin in a patient with a kidney
transplant, as evidenced by STR and NGS-based testing of the patient and donor samples.
We hypothesize that the tumor likely originated from ectopic Müllerian tissue transplanted
along with the kidney transplant (e.g., the renal pelvis), which showed no radiographic
or biopsy evidence of malignancy. Post-mortem pathological evaluation of the kidney
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transplant was not conducted, and there remains the possibility of an occult primary source
that was not detected via imaging.

Thus, the paternal donor origin of the tumor could only be identified through molecu-
lar testing. To ensure that no contamination could have occurred (given the proximity of
the transplanted pelvic kidney to the patient’s appendix), the tumor NGS was performed
in an omental nodule and a distant lymph node metastasis, both of which showed alleles
that were a mixture of the patient and the donor, consistent with a donor origin for the
metastatic malignancy. The presence of two different SNP profiles in the tumor tissue
suggests that the tumor cells were of donor origin, whereas the non-neoplastic cells were of
host origin.

Overall, genitourinary carcinomas originating from kidney allografts are rare. A
retrospective study of 3568 renal transplants over more than four decades noted that only
eight patients (0.2%) developed RCC, with five cases being papillary RCC, whereas three
cases were clear cell RCC [12]. Conversely, 39 of the 3568 patients (1.1%) developed RCCs
in their native kidneys [12]. Another retrospective analysis of 1584 renal transplant patients
found that only 4 patients (0.3%) developed a GU malignancy in their allograft kidneys,
with one case being clear cell RCC, one case being papillary RCC, one case being TFE3
translocation RCC, and one case being urothelial carcinoma arising from the allograft pelvis
at 6 years following BK virus infection [13]. In the present case, a BK virus assessment was
not performed. A third retrospective study used STR analysis to discriminate between host
and donor origins of RCC identified in renal allografts and found that 5 out of 542 renal
transplants (0.9%) developed RCC, with histology being clear cell RCC in three cases,
papillary RCC in one case, and RCC with oncocytic features in one case [14].

No prior study has noted the emergence of Müllerian-type CCC originating from a
donor in a transplant patient, and this should be considered in the differential of patients
with organ transplants who develop Müllerian-type CCC of unknown origin. Our case
also highlighted the value of both NGS-based sequencing and STR analyses in determining
the tumor origin in patients with solid organ transplants, particularly those whose primary
tumor is not evident on imaging. For a sex-mismatched donor, X/Y chromosome fluores-
cence in situ hybridization can also be of help. Distinguishing between donor and host
origin is important because it may prompt the potential evaluation of other organ recipients
from the same donor. In the present case, the patient was the only recipient of a transplant
from his father. Additionally, the tumor origin has implications for staging; for instance, a
donor-origin RCC arising in a transplanted kidney may behave as stage I–II disease, but a
host-origin RCC arising in a transplanted kidney would represent stage IV disease.

Although the histological and immunohistochemical findings supported the diagnosis
of a Müllerian-type CCC, these features can also be observed in other rare cancer types,
particularly in the setting of our molecular findings. In particular, the SETD2 and NF2
somatic mutations are not commonly reported in Müllerian-type CCC [15,16], which is
frequently characterized by mutations in ARID1A, PIK3CA, TP53, and PTEN [17]. Addition-
ally, our limited copy number evaluation did not reveal features associated with the TP53
mutant (a surrogate for high copy number) or specific molecular profile (a surrogate for low
copy number) subgroups defined by The Cancer Genome Atlas classifier of endometrial
carcinomas and Müllerian-type CCC [17,18].

Together, the molecular profile raised the concern that this case may be an RCC. How-
ever, whereas SETD2 mutations are commonly observed in clear cell RCC, NF2 mutations
are found in only 0.9–3% of clear cell RCC cases [19,20]. Furthermore, the recently described
NF2-mutated unclassified RCC variants do not demonstrate a clear cell morphology [21].
Even if this was indeed an RCC or another less common cancer, the present case under-
scores the importance of molecular testing in identifying the origin of the tumor in patients
who have received solid organ transplants and have subsequently developed cancers of
unknown primary with no tumor radiologically evident in the transplant organ.

By the time the diagnosis of Müllerian-type CCC was made, the malignancy was
already well advanced. Müllerian-type CCC is known to be highly aggressive, and a poor
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outcome often occurs once the tumor is disseminated. For instance, the patient’s tumor was
refractory to the standard triplet cytotoxic chemotherapy regimen of carboplatin, paclitaxel,
and bevacizumab used in advanced ovarian CCC [11]. Furthermore, the tumor tissue
was negative for PD-L1 expression, and combination immune checkpoint therapy with
nivolumab plus ipilimumab did not produce a response, despite the tapering down of
immunosuppression by discontinuing azathioprine while continuing low-dose tacrolimus
and prednisone. In patients with kidney transplants, the use of nivolumab plus ipilimumab
may increase the risk of acute rejection due to increased T-cell responses [22]. Rejection
typically occurs within 2-3 weeks from immune checkpoint therapy initiation and is as-
sociated with high mortality rates [16]. Our patient did not show any evidence of graft
rejection for more than 9 weeks after immune checkpoint therapy initiation. Furthermore, a
multicenter, single-arm, phase 1 study in patients with kidney transplants found that main-
taining baseline immunosuppression may not affect anti-tumor efficacy [23]. Depending
on the extent of homology of HLA alleles between patient and father, the tumor-specific
donor SNPs could theoretically increase the chances of immune recognition of tumor cells
following nivolumab plus ipilimumab. However, the lack of response of our patient’s
Müllerian-type CCC to the strongest currently available immune checkpoint therapy com-
bination suggests that novel immunotherapy or other therapeutics are needed for this rare
(but aggressive) histology. Furthermore, molecular profiling is emerging as an important
tool for helping ascertain what may be the best approach for choosing chemotherapeutic
and/or immunotherapeutic agents.

4. Conclusions

Taken together, our case underscores that in NGS-based paired tumor-normal sequenc-
ing, the presence of well-characterized SNPs that are exclusive to the tumor specimen
should include a transplant donor origin in the differential (in addition to the potential for
a sample swap involving the normal specimen). STR/microsatellite testing of the patient
and donor can help confirm the origin in such instances.

Author Contributions: Conceptualization by P.M., J.B.I. and R.K.Y.; writing—original draft prepa-
ration by P.M. and J.B.I.; writing—review and editing by P.M., J.B.I., L.K.S., A.R., P.R., S.M., K.P.P.,
K.M.S. and R.K.Y. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported in part by the Cancer Center Support Grant to MDACC (grant P30
CA016672) from the National Cancer Institute. Pavlos Msaouel was supported by the Andrew Sabin
Family Foundation Fellowship, Gateway for Cancer Research, a Translational Research Partnership
Award (KC200096P1) by the United States Department of Defense, an Advanced Discovery Award
by the Kidney Cancer Association, a Translational Research Award by the V Foundation, the MD
Anderson Physician-Scientist Award, and donations from the Renal Medullary Carcinoma Research
Foundation in honor of Ryse Williams, as well as philanthropic donations by the Chris “CJ” Johnson
Foundation and by the family of Mike and Mary Allen.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Institutional Review Board of The University of Texas MD
Anderson Cancer Center (protocol #2022-0331 approved on 20 April 2022).

Informed Consent Statement: This project has received a waiver of informed consent and authoriza-
tion from the University of Texas MD Anderson Cancer Center Institutional Review Board (protocol
#2022-0331).

Data Availability Statement: Data sharing not applicable. No new data were created or analyzed in
this study.

Acknowledgments: We acknowledge the support of MD Anderson’s Prometheus informatics system
and the Department of Genitourinary Medical Oncology’s Eckstein and Alexander Laboratories in
this research.

Conflicts of Interest: Pavlos Msaouel has received honoraria for service on a Scientific Advisory
Board for Mirati Therapeutics, Bristol Myers Squibb, and Exelixis, as well as for consulting for Axiom



Curr. Oncol. 2023, 30 9026

Healthcare Strategies, non-branded educational programs supported by Exelixis and Pfizer, and
research funding for clinical trials from Takeda, Bristol Myers Squibb, Mirati Therapeutics, Gateway
for Cancer Research, and UT MD Anderson Cancer Center.

References

1. Alduaij, A.; Hansen, K.; Karim, T.A.; Zhang, C.; Lomme, M.M.; Sung, C.J.; Lawrence, W.D.; Quddus, M.R. Clear cell carcinomas
of the mullerian system: Does the pathogenesis vary depending on their nuclear grade and their association with endometriosis?
An immunohistochemical analysis. Pathol. Res. Int. 2012, 2012, 674748. [CrossRef] [PubMed]

2. van der Aa, M.A.; Helmerhorst, T.J.; Siesling, S.; Riemersma, S.; Coebergh, J.W. Vaginal and (uncommon) cervical cancers in the
Netherlands, 1989–2003. Int. J. Gynecol. Cancer 2010, 20, 638–645. [CrossRef] [PubMed]

3. Lester, F.C.; Farmer, D.L.; Rabban, J.T.; Chen, L.M. Radical trachelectomy for clear cell carcinoma of the cervix in a 6-year old: A
case report, review, and description of the surgical technique. J. Pediatr. Surg. 2010, 45, E1–E5. [CrossRef] [PubMed]

4. Warmke, L.; Vining, D.; Ward, J.; Lin, M.; Ro, J.Y.; Zhang, M. Paratesticular clear cell carcinoma of müllerian origin—A case report.
Hum. Pathol. Case Rep. 2020, 21, 200401. [CrossRef]

5. Perez, D.; Naous, R. A Rare Case of Clear Cell Carcinoma, Mullerian Type in the Renal Pelvis of a 21-Year-Old Woman. Case Rep.
Pathol. 2018, 2018, 1521598. [CrossRef] [PubMed]

6. Bertz, S.; Ensser, A.; Stoehr, R.; Eckstein, M.; Apel, H.; Mayr, D.; Buettner-Herold, M.; Gaisa, N.T.; Comperat, E.; Wullich, B.; et al.
Variant morphology and random chromosomal integration of BK polyomavirus in posttransplant urothelial carcinomas.
Mod. Pathol. 2020, 33, 1433–1442. [CrossRef] [PubMed]

7. Tsuchiya, A.; Sakamoto, M.; Yasuda, J.; Chuma, M.; Ohta, T.; Ohki, M.; Yasugi, T.; Taketani, Y.; Hirohashi, S. Expression profiling
in ovarian clear cell carcinoma: Identification of hepatocyte nuclear factor-1 beta as a molecular marker and a possible molecular
target for therapy of ovarian clear cell carcinoma. Am. J. Pathol. 2003, 163, 2503–2512. [CrossRef]

8. Talia, K.L.; Wong, R.W.; McCluggage, W.G. Expression of Markers of Mullerian Clear Cell Carcinoma in Primary Cervical and
Vaginal Gastric-type Adenocarcinomas. Int. J. Gynecol. Pathol. 2019, 38, 276–282. [CrossRef]

9. Pors, J.; Segura, S.; Cheng, A.; Ji, J.X.; Tessier-Cloutier, B.; Cochrane, D.; Fix, D.J.; Park, K.; Gilks, B.; Hoang, L. Napsin-A and
AMACR are Superior to HNF-1beta in Distinguishing between Mesonephric Carcinomas and Clear Cell Carcinomas of the
Gynecologic Tract. Appl. Immunohistochem. Mol. Morphol. 2020, 28, 593–601. [CrossRef]

10. Luthra, R.; Patel, K.P.; Routbort, M.J.; Broaddus, R.R.; Yau, J.; Simien, C.; Chen, W.; Hatfield, D.Z.; Medeiros, L.J.; Singh, R.R. A
Targeted High-Throughput Next-Generation Sequencing Panel for Clinical Screening of Mutations, Gene Amplifications, and
Fusions in Solid Tumors. J. Mol. Diagn. 2017, 19, 255–264. [CrossRef]

11. Tate, S.; Nishikimi, K.; Matsuoka, A.; Otsuka, S.; Shiko, Y.; Ozawa, Y.; Kawasaki, Y.; Shozu, M. Bevacizumab in First-Line
Chemotherapy Improves Progression-Free Survival for Advanced Ovarian Clear Cell Carcinoma. Cancers 2021, 13, 3177.
[CrossRef] [PubMed]

12. Leveridge, M.; Musquera, M.; Evans, A.; Cardella, C.; Pei, Y.; Jewett, M.; Robinette, M.; Finelli, A. Renal cell carcinoma in the
native and allograft kidneys of renal transplant recipients. J. Urol. 2011, 186, 219–223. [CrossRef] [PubMed]

13. Saleeb, R.; Faragalla, H.; Yousef, G.M.; Stewart, R.; Streutker, C.J. Malignancies arising in allograft kidneys, with a first reported
translocation RCC post-transplantation: A case series. Pathol. Res. Pract. 2015, 211, 584–587. [CrossRef] [PubMed]

14. Robin, A.J.; Cohen, E.P.; Chongkrairatanakul, T.; Saad, E.; Mackinnon, A.C. A single center’s approach to discriminating donor
versus host origin of renal neoplasia in the allograft kidney. Ann. Diagn. Pathol. 2016, 23, 32–34. [CrossRef] [PubMed]

15. Ye, S.; Li, Q.; Wu, Y.; Jiang, W.; Zhou, S.; Zhou, X.; Yang, W.; Tu, X.; Shan, B.; Huang, S.; et al. Integrative genomic and
transcriptomic analysis reveals immune subtypes and prognostic markers in ovarian clear cell carcinoma. Br. J. Cancer 2022, 126,
1215–1223. [CrossRef] [PubMed]

16. Shibuya, Y.; Tokunaga, H.; Saito, S.; Shimokawa, K.; Katsuoka, F.; Bin, L.; Kojima, K.; Nagasaki, M.; Yamamoto, M.;
Yaegashi, N.; et al. Identification of somatic genetic alterations in ovarian clear cell carcinoma with next generation sequencing.
Genes Chromosomes Cancer 2018, 57, 51–60. [CrossRef] [PubMed]

17. Irshaid, L.; Costigan, D.C.; Dong, F.; Matulonis, U.A.; Nucci, M.R.; Kolin, D.L. Molecular Landscape of Mullerian Clear Cell
Carcinomas Identifies The Cancer Genome Atlas-like Prognostic Subgroups. Mod. Pathol. 2023, 36, 100123. [CrossRef] [PubMed]

18. Talhouk, A.; McConechy, M.K.; Leung, S.; Li-Chang, H.H.; Kwon, J.S.; Melnyk, N.; Yang, W.; Senz, J.; Boyd, N.;
Karnezis, A.N.; et al. A clinically applicable molecular-based classification for endometrial cancers. Br. J. Cancer 2015, 113,
299–310. [CrossRef]

19. Hacking, S.M.; Pavlick, D.; Wang, Y.; Carneiro, B.A.; Mullally, M.; Lu, S.; Canepa, M.; Bratslavsky, G.; Jacob, J.; Necchi, A.; et al.
Comprehensive Genomic Profiling of NF2-Mutated Kidney Tumors Reveals Potential Targets for Therapy. Oncologist 2023, 28,
e508–e519. [CrossRef]

20. Malouf, G.G.; Ali, S.M.; Wang, K.; Balasubramanian, S.; Ross, J.S.; Miller, V.A.; Stephens, P.J.; Khayat, D.; Pal, S.K.; Su, X.; et al.
Genomic Characterization of Renal Cell Carcinoma with Sarcomatoid Dedifferentiation Pinpoints Recurrent Genomic Alterations.
Eur. Urol. 2016, 70, 348–357. [CrossRef]

21. Chen, Y.B.; Xu, J.; Skanderup, A.J.; Dong, Y.; Brannon, A.R.; Wang, L.; Won, H.H.; Wang, P.I.; Nanjangud, G.J.;
Jungbluth, A.A.; et al. Molecular analysis of aggressive renal cell carcinoma with unclassified histology reveals distinct
subsets. Nat. Commun. 2016, 7, 13131. [CrossRef]

https://doi.org/10.1155/2012/674748
https://www.ncbi.nlm.nih.gov/pubmed/23213623
https://doi.org/10.1111/IGC.0b013e3181a44f4
https://www.ncbi.nlm.nih.gov/pubmed/20686385
https://doi.org/10.1016/j.jpedsurg.2010.05.032
https://www.ncbi.nlm.nih.gov/pubmed/20713196
https://doi.org/10.1016/j.ehpc.2020.200401
https://doi.org/10.1155/2018/1521598
https://www.ncbi.nlm.nih.gov/pubmed/29805829
https://doi.org/10.1038/s41379-020-0489-0
https://www.ncbi.nlm.nih.gov/pubmed/32047230
https://doi.org/10.1016/S0002-9440(10)63605-X
https://doi.org/10.1097/PGP.0000000000000529
https://doi.org/10.1097/PAI.0000000000000801
https://doi.org/10.1016/j.jmoldx.2016.09.011
https://doi.org/10.3390/cancers13133177
https://www.ncbi.nlm.nih.gov/pubmed/34202220
https://doi.org/10.1016/j.juro.2011.03.032
https://www.ncbi.nlm.nih.gov/pubmed/21575970
https://doi.org/10.1016/j.prp.2015.04.009
https://www.ncbi.nlm.nih.gov/pubmed/26008778
https://doi.org/10.1016/j.anndiagpath.2016.05.004
https://www.ncbi.nlm.nih.gov/pubmed/27402221
https://doi.org/10.1038/s41416-022-01705-w
https://www.ncbi.nlm.nih.gov/pubmed/35043008
https://doi.org/10.1002/gcc.22507
https://www.ncbi.nlm.nih.gov/pubmed/29044863
https://doi.org/10.1016/j.modpat.2023.100123
https://www.ncbi.nlm.nih.gov/pubmed/36857998
https://doi.org/10.1038/bjc.2015.190
https://doi.org/10.1093/oncolo/oyad040
https://doi.org/10.1016/j.eururo.2016.01.051
https://doi.org/10.1038/ncomms13131


Curr. Oncol. 2023, 30 9027

22. Au, E.; Wong, G.; Chapman, J.R. Cancer in kidney transplant recipients. Nat. Rev. Nephrol. 2018, 14, 508–520. [CrossRef]
23. Carroll, R.P.; Boyer, M.; Gebski, V.; Hockley, B.; Johnston, J.K.; Kireta, S.; Tan, H.; Taylor, A.; Wyburn, K.; Zalcberg, J.R. Immune

checkpoint inhibitors in kidney transplant recipients: A multicentre, single-arm, phase 1 study. Lancet Oncol. 2022, 23, 1078–1086.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/s41581-018-0022-6
https://doi.org/10.1016/S1470-2045(22)00368-0

	Introduction 
	Case Presentation 
	Initial Clinical Presentation 
	Diagnostic Imaging 
	Surgery and Histopathologic Work-Up 
	Molecular Testing Results 
	Management and Outcomes 

	Discussion 
	Conclusions 
	References

