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Abstract

Renal cell carcinoma (RCC), the most common type of kidney cancer in adult, rarely metastasizes
to the ovary or fallopian tube, and most cases published in the literature were case reports. Herein,
we describe the clinicopathologic features of 9 cases of RCC metastatic to the ovary (n=8) or the
fallopian tube (n=1). The patients’ age at the onset of primary renal tumor was available in 8
patients, ranging from 37 to 73 years (mean, 51 years; median, 50 years). Ovarian metastasis was
detected prior to or concurrently with the primary renal tumors in 3 patients, and after the
diagnosis of renal tumors in 6 patients. The histotypes of the RCCs were clear cell (n=7),
chromophobe (n=1), and unclassified (n=1). Immunohistochemical stainings were performed on
the sections containing metastatic tumors in 4 cases. Interestingly, pagetoid intraepithelial spread
in the tubal mucosa was observed in the case of RCC metastatic to the fallopian tube. Among the 8
patients with follow-up data, 5 patients died of disease and 3 were alive with disease with a
follow-up period ranging from 3.7 months to 17 years (mean, 77 months; median, 53 months) after
the diagnosis of primary kidney tumors. Diagnostically, metastatic RCC may mimic primary
ovarian tumors clinically, morphologically or immunophenotypically. Pathologists should also
keep in mind that both ovarian and kidney tumors express PAX8 and PAX2, the markers
commonly used to diagnosis metastatic RCC. In addition, chromophobe RCC only rarely
metastasizes, but it can be a diagnosis challenging when metastasizing to the ovary.
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1. Introduction

Secondary ovarian tumors, extra-ovarian tumors that spread to the ovary, represent 15% to
20% of ovarian tumors [1, 2]. They may be diagnosed prior to, concurrently with, or after
the diagnosis of the primary tumors [3]. Common extra-ovarian sites of origin of ovarian
metastases include the gastrointestinal tract, breast, endocervix, and endometrium [1]. On
the other hand, renal cell carcinoma (RCC) usually metastasizes to the lungs, lymph nodes,
bones, brain and liver [4], and only very rarely to the ovary or fallopian tube. Most previous
reports in the literature are single cases or small series of metastatic clear cell RCC [5-20],
while chromophobe RCCs rarely metastasize to distant sites. In this study, we report the
clinical and pathologic features of 9 cases of RCCs metastasizing to the ovary or the
fallopian tube, including clear cell, chromophobe, and unclassified RCCs.

2. Materials and methods

After obtaining approval from Institutional Review Board, we searched the pathology
records at The University of Texas MD Anderson Cancer Center from 1988 to 2014 and
identified 9 cases of metastatic RCCs to the ovary (n = 8) or the fallopian tube (n = 1).
Relevant clinical data were obtained via review of the patients’ electronic medical records,
which included demographic, diagnosis, treatment, and follow-up information (updated
through August 2015). Pathological reports, hematoxylin and eosin (H&E)-stained and
immunohistochemical staining slides containing tissue sections of primary and metastatic
RCCs were reviewed.

The following immunohistochemical stains were performed at outside institutions and were
reviewed and recorded when the cases were sent to MD Anderson for consultation: actin,
alpha-methylacyl CoA racemase (P504S), carbonic anhydrase, CD10, CD117, cytokeratin
5/6, cytokeratin 7 (CK7), cytokeratin 20 (CK20), E-cadherin, epithelial membrane antigen
(EMA), high-molecular-weight keratin (HMWK), HMB-45, low-molecular-weight keratin
(LMWK), Melan-A, pancytokeratin AE1/AE4, p53, p63, thrombomodulin, vimentin and
WT-1. Immunohistochemical stains performed at our institution included AMACR (P504S)
(Zeta Corporation.; clonel3H4, 1:40 dilution), calretinin (Invitrogen; clone DC8, 1:120
dilution), CD10 (Novocastra; clone 56C6, 1:50 dilution), CK 5/6 (DAKO; clone D5/16B4,
1:50 dilution), CK7 (DAKO; clone OV-TL, 1:100 dilution), estrogen receptor (ER) (Leica
Biosystems; clone 6F11, 1:35 dilution), inhibin (AbD Serotec; clone R1, 1:50 dilution),
PAX8 (Biocare Medical; clone BC12, 1:100 dilution), PIN dual that includes HMWK and
p63 (Biocare Medical; clone XM26, LL002, and BC4A4), RCC marker (DAKO; clone
SPM314, 1:100 dilution), and vimentin (DAKO; clone V9, 1:900 dilution).
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3. Results

The patients ranged in age from 37 to73 years (mean, 51 years; median, 50 years) at the time
of diagnosis of primary kidney tumors. The clinicopathologic features of all 9 cases are
summarized in Table 1.

Metastases in the ovaries or fallopian tube were diagnosed prior to or concurrently with the
primary Kidney tumors in 3 patients (patients 1, 2, and 9). The clinical presentations of these
3 patients were described below. Patient 1 presented with fatigue, weight loss, and anemia.
Computerized tomography (CT) showed a right kidney mass and retroperitoneal
lymphadenopathy. During the surgery, right fallopian tube involvement was suspected.
Pathologic examination confirmed that metastatic clear cell RCC involved the right fallopian
tube, but no tumor was present in the right ovary. Patient 2 presented with weight loss and
flank pain. The CT scan showed a large right kidney mass, a small left kidney mass, bilateral
adrenal necrotic lesions, and a pelvic mass that was originally thought to be a fibroid.
Pathological examination confirmed clear cell RCC metastatic to the ovary and bilateral
adrenal glands. The mass in the opposite kidney was considered a second primary tumor.
Patient 9 had a suspicious ovarian mass on pelvic examination during a work-up for
abnormal Pap smear. Subsequently, ultrasound exam and CT scan demonstrated a left
ovarian mass and a right renal mass, and clear cell RCC metastatic to the ovary was
confirmed by pathological examination. In the remaining 6 patients, ovarian masses were
found on restaging/follow-up CT scans after the resection of primary kidney tumors, and
both primary ovarian tumors and metastatic tumors were suspected clinically. Subsequently,
pathological examinations confirmed the diagnosis of metastatic RCC. The interval between
detection of primary kidney tumor and ovarian metastasis ranged from 8 to 30 months
(mean, 16 months; median, 14 months) for the 5 patients with available data. Several
patients also had other metastases detected prior to or concurrently with ovarian metastasis,
such as retroperitoneal lymph node, adrenal glands, omentum, peritoneal cavity, and liver,
which was summarized in Table 1.

The primary tumors were in the left kidney in 3 patients and in the right kidney in 5 patients;
the laterality was unknown in 1 patient. The kidney tumors metastasized to the ipsilateral
ovary or fallopian tube in 3 patients, to the contralateral ovary in 4 patients, and to both
ovaries in 2 patients (Table 1). The sizes of the primary kidney tumors, available in 6
patients, ranged from 7.2 to 16.5 cm (mean, 11 cm; median, 11 cm). Nephrectomy
specimens showed invasion into the renal sinus in 2 tumors, into perinephric adipose tissue
in 3 tumors, and into the renal vein in 3 tumors (all considered pT3a in RCC). The margins
were free of tumor in 6 of 6 cases.

Among the 9 cases, the RCC histotypes were clear cell (n = 7), chromophobe (n = 1), and
unclassified (n = 1). In general, microscopic examination of both primary and metastatic
tumors showed similar morphologic features. Metastatic clear cell RCCs showed cells with
clear cell cytoplasm and “chicken wire” vasculature, similar to primary RCCs. It is worth
mentioning that in case 1, both primary and metastatic RCC to the fallopian tube showed
clear cell RCC with sarcomatoid and rhabdoid features (Figure 1a—1d). Metastatic tumor
cells grew predominantly beneath the fallopian tube mucosa, and rare foci of pagetoid
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spread were also identified in the tubal mucosa (Figure 1c). Case 3 showed polygonal tumor
cells with “raisinoid” nuclei, perinuclear halo and distinct cell borders (Figure 2a, 2b). The
tumor cells were positive for CK7 (Figure 2c), PAX8 and focally positive for RCC marker.
Immunohistochemical staining for CD10 showed cytoplasmic positivity (Figure 2d). The
tumor cells were negative for ER, calretinin, inhibin and vimentin. These findings were
consistent with the diagnosis of metastatic chromophobe RCC. Case 5 showed a tumor with
a papillary architecture, mimicking ovarian serous carcinoma. However, the tumor was
immunopositive for PAX8, vimentin, P504S, P53, CK20 (focal), and negative for CK?7,
WT-1, PIN dual, cytokeratin 5/6, CD10 and ER, supporting the diagnosis of RCC,
unclassified.

All 7 patients for whom a detailed clinical history was available underwent radical
nephrectomy. Four patients also had chemotherapy. The follow-up information was available
in 8 patients. Five patients died of disease and 3 were alive with disease. The follow-up
period ranged from 3.7 months to 17 years (mean, 77 months; median, 53 months) after the
diagnosis of primary kidney tumor. Of note, in patient 9, although ovarian metastasis was
found prior to the diagnosis of RCC, the interval was very short.

4. Discussion

In the English literature, fewer than 30 cases of RCCs metastasizing to the ovary or fallopian
tube have been previously reported, and most were case reports. Among the different
histotypes of RCCs, clear cell carcinoma is the most common histotype metastasizing to the
ovary. Other authors have reported papillary RCC spreading to the ovary [12], whereas
chromophobe RCCs usually don’t metastasize. To our knowledge, our study of 9 cases is the
largest case series so far, which included both clear cell, chromophobe and unclassified
RCCs. Our study provides new insights into the clinicopathologic features of these tumors.
Metastatic RCCs may mimic primary ovarian tumors clinically, morphologically or
immunophenotypically and represent a diagnostic challenge. Several aspects of these
metastatic tumors and primary tumors need to be considered in order to make a correct
diagnosis:

Clinically, ovarian metastasis can be detected prior to, concurrently with, or after the
resection of primary RCCs. Also, ovarian metastases can be very large in size. It may not be
easy to differentiate primary ovarian neoplasms from metastatic carcinomas by clinical
symptoms and radiological findings, especially when ovarian tumors present prior to the
diagnosis of RCCs. Morphologically, although typically clear cell RCCs should be easily
differentiated from primary ovarian clear cell carcinoma, clear cell RCCs with atypical
features or other subtypes of RCCs may not be easily told apart from primary ovarian
neoplasms. Ovarian clear cell carcinoma typically shows a variety of architectural patterns,
including tubulocystic, solid and papillary patterns, prominent hyalinization of papillary
cores, large atypical nuclei protruding into the lumen (hobnail cells), and intraluminal mucin
[9]. In contrast, clear cell RCC lacks these features and shows prominent vasculature [6, 9].
However, clear cell RCCs may show rhabdoid or sarcomatoid features, as seen in one of our
cases, which may cause confusion at metastatic sites, and the differential diagnosis of
ovarian carcinosarcoma or even rhabdoid tumor may be entertained [9]. Chromophobe
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RCCs usually don’t metastasize. Therefore, metastatic chromophobe RCC to the ovary is
extremely rare, and can mimic sex cord-stromal tumors (i.e., Sertoli-Leydig cell tumor,
steroid cell tumor, or granulosa cell tumor). Moreover, papillary RCC can mimic ovarian
serous carcinoma. Interestingly, pagetoid intra-epithelial spreading to the fallopian tube was
identified in one of our cases. Previously, pagetoid spreading to the tubal mucosa has been
reported in metastatic gastric cancer or neuroendocrine carcinoma [21, 22].

Metastatic clear cell RCC can be diagnosed on H&E alone if the patient has a known history
of clear cell RCC. However, immunohistochemical stainings may be helpful if the clinical
history is not available or the patient has a non-clear cell RCC. Pathologists should keep in
mind that both ovarian and kidney neoplasms are typically positive for PAX8, PAX2.
Although ovarian neoplasms are frequently positive for CK7, a subset of kidney neoplasms
are also positive for CK7 (i.e., papillary RCC and chromophobe RCCs). Therefore, the
above markers cannot be used to differentiate metastatic RCCs from primary ovarian tumors.
The markers that may be helpful are listed below. Ovarian clear cell carcinoma is typically
positive for HMWK and negative for CD10, although a small subset of ovarian clear cell
carcinomas may show CD10 positivity at apical borders [23]. In contrast, clear cell RCC is
typically positive for CD10 and negative for HMWK. Immunohistochemical staining for
RCC marker is typically positive in clear cell RCC, but is not very specific and can also be
positive in a small percentage of ovarian neoplasms [24]. Hepatocyte nuclear factor-1beta
(HNF-1beta), Napsin-A, AE1/AE3, EMA, ARID1A (BAF-250a), CD15 and vimentin can
be expressed in both ovarian and renal clear cell carcinoma and therefore cannot be used to
tell them apart. A subset of papillary and chromophobe RCCs also express CD10 [25-27].
However, chromophobe RCC may show a cytoplasmic staining pattern for CD10, instead of
membranous staining pattern typically seen in RCC [27]. Typical high grade serous
carcinoma is positive for WT-1, and negative staining for WT-1 favors metastatic carcinoma
(as in case 5). Immunohistochemical staining for calretinin and inhibin is also helpful to
differentiate metastatic RCC from ovarian sex cord-stromal tumor. The latter is typically
positive for calretinin and inhibin [28].

The renal-ovarian axis has been proposed by some authors as one of the mechanisms of
RCC metastasizing to the ovary [5]. The renal-ovarian axis refers to the finding that the left
ovarian vein frequently drains into the left renal vein, instead of the inferior vena cava.
However, earlier studies [5-20] and our study demonstrated that RCC can metastasize to
ipsilateral, contralateral, or bilateral ovaries. RCCs may spread to the ovarian or fallopian
tube by hematogenous dissemination or direct invasion from primary tumor or metastatic
retroperitoneal lymph nodes, or as part of peritoneal carcinomatosis.

In conclusion, pathologists should be aware that RCC can metastasize to the ovary and the
fallopian tube. Even though rare, it can be a potential diagnostic pitfall, and these secondary
tumors may be mistaken for primary ovarian tumors. Clinical correlation and ancillary
studies described above may aid the correct diagnosis.
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Fig. 1.
A case of clear cell renal cell carcinoma (RCC) metastatic to the fallopian tube. A, The

primary renal tumor showed both areas of typical clear cell RCC (blue arrow) adjacent to
areas with rhabdoid features (black arrow). B, Metastatic RCC predominantly grew beneath
the fallopian tube mucosa (black arrow). C, Pagetoid intraepithelial spread of RCC in the
tubal mucosa was seen (black arrow). D, High magnification showed areas with rhabdoid
features resembling primary tumor (Hematoxylin and eosin stain, magnification x100 in A
and B, x200 in C and D).
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Fig. 2.

A%:ase of chromophobe renal cell carcinoma (RCC) metastatic to the ovary. A and B,
Ovarian metastasis showed polygonal cells with distinct cell borders and “raisinoid” nuclei
(Hematoxylin and eosin stain, magnification x100 in A, x400 in B). The tumor cells were
positive for cytokeratin 7 (membranous and cytoplasmic staining, C) and CD10 (cytoplasmic
staining, D). (Immunohistochemical stain, magnification x200 in C and D).
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Table 2

Immunohistochemical staining performed in 4 cases to confirm the diagnosis of metastatic renal cell
carcinoma (RCC).

Pt  Diagnosis Positive markers Negative markers

3 Chromophobe RCC  CK7, PAX8, CD10 (cytoplasmic), RCC (rare cells)  ER, calretinin, inhibin, vimentin

4 Clearcell RCC EMA CK7, CK20

5da RCC, unclassified PAX8, vimentin, P504S, p53, CK20 (focal) CK7, WT-1, PIN dual (HMWK and p63), cytokeratin 5/6,
CD10, ER

8 Clear cell RCC Vimentin, LMWK HMWK

Abbreviations: CK7 indicates cytokeratin 7; ER, estrogen receptor; EMA, epithelial membrane antigen; CK20, cytokeratin 20; P504S, alpha-
methylacyl CoA racemase; HMWK, high-molecular-weight keratin; LMWK, low-molecular-weight keratin.

aln patient 5, immunohistochemical staining was performed on both primary kidney tumor (positive for pancytokeratin AE1/AE3, E-cadherin,
vimentin, CK20, CD10, CD117, P504S, and carbonic anhydrase. The tumor cells were negative for CK7, thrombomodulin, actin, HMB-45,
cytokeratin 5/6, WT-1, P63, and Melan-A), as well as abdominal wall masses (as shown in the table). The primary and metastatic tumors (including
the ovarian tumor) showed similar morphology, and this case was diagnosed as RCC, unclassified.
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