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Clinical and computed tomography imaging features of
renal medullary carcinoma: A report of six cases
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Abstract. Patients with renal medullary carcinoma (RMC)
have a poor prognosis, usually due to late diagnosis. Computed
tomography (CT) analysis may aid the differentiation between
RMC and other types of renal cell carcinoma, in order to estab-
lish an accurate early diagnosis. There is a limited number of
reports in the literature focusing on clinical and multi-slice CT
(MSCT) imaging findings of RMC. Consequently, the present
study aimed to characterize the clinical and MSCT imaging
features of RMC. For this purpose, the MSCT imaging find-
ings of 6 patients with RMC were retrospectively studied.
The patients were subjected to MSCT in order to investigate
the characteristics of the tumors, including location, size,
density, calcification, cystic or solid appearance, capsule sign,
enhancement pattern and presence of retroperitoneal lymph
node metastasis. The tumors in the current study presented
a mean diameter of 7.48+3.25 cm, and were observed to be
solitary and heterogeneous with necrotic components. The
majority of the tumors did not contain calcifications (5/6);
displayed an ill-defined margin (4/6); were centered in the
medulla; extended into the renal pelvis or peripelvic tissues
(6/6); and did not exhibit a fibrous capsule. Localized cali-
ectasis was observed in 3 of the 6 cases. The attenuation of
the solid region of the RMC on unenhanced CT was equal
to that of the renal cortex or medulla (42.3+2.7 vs. 40.7+3.6
and 41.2+3.9 Hounsfield units, respectively; P>0.05) while, on
enhanced CT, the enhancement of the tumor was lower than
that of the normal renal cortex and medulla during all phases
(cortical phase, 52.6+4.8 vs.199.5+£9.7 and 72.7+6.4; medullary
phase, 58.6+£5.7 vs. 184.6+10.8 and 93.5+7.8; delayed phase,
56.8+6.1 vs. 175.7+8.5 and 96.5+7.9, respectively; P<0.05).
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In conclusion, RMC tends to be an infiltrative, ill-defined
heterogeneous mass with intratumoral necrosis, which arises
from the renal medulla, and displays lower enhancement than
the renal cortex and medulla during all phases on enhanced
CT. Despite its rarity in adults, RMC should be included in a
differential diagnosis when CT imaging reveals these features.

Introduction

Renal medullary carcinoma (RMC) is a rare subtype of renal
cell carcinoma that most commonly occurs in adolescents and
young adults with sickle cell (SC) hemoglobinopathies (1).
According to the World Health Organization (WHO) classi-
fication of renal tumors, RMC is a distinct entity with unique
biological behavior and distinctive pathological and morpho-
genetic characteristics (2,3). The most common symptoms of
RMC are hematuria and flank or abdominal pain, which may
lead to a misdiagnosis of urinary tract infection or renal abscess
in certain patients, prior to a neoplasm being suspected (1).

A number of cases of RMC in non-African Americans
without sickle cell anemia or sickle cell trait were reported
within a series of 33 highly aggressive RMC first described
in 1995 (1). The histopathological features of RMC include
epithelial cells with reticular, adenoid cystic plasia, and promi-
nent inflammation (4).

At present, the prognosis for patients with RMC remains
very poor, since~95% of cases present at an advanced stage
at the time of diagnosis and the tumor is resistant to chemo-
therapy in addition to biological therapy (4-6). A mean survival
of 19 weeks from the time of initial diagnosis of RMC was
reported by Simpson et al (7). Surgery of radical nephrectomy
without metastatic disease appears to prolong survival of the
patients (8,9).

Pathologically, RMC arises from the renal medulla,
grows rapidly in an infiltrative pattern, and invades the renal
sinuses (10). Previous studies on RMC have documented
the pathological and clinical features of this rare form of
renal carcinoma (11). However, there are limited studies on
RMC focusing on computed tomography (CT) imaging find-
ings (10,12). Patients with RMC present a poor prognosis,
and nearly all patients succumb to the disease within several
months following diagnosis. Therefore, an accurate diagnosis
of RMC is important, since an early diagnosis may improve
the prognosis of these patients. Therefore, the aim of the
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Table I. Clinical features of 6 Han Chinese patients with renal medullary carcinoma.

Patient no. Age (years) Gender Hemoglobin status Presentation

1 72 Female Sickle cell trait Renal mass

2 38 Male Unknown Flank pain, hematuria

3 57 Male Unknown Left flank pain, suspected renal calculus
4 56 Female Unknown Abdominal pain

5 58 Female Unknown Renal mass, fever, back pain

6 22 Male Unknown Abdominal mass

Table II. Antibodies used for immunohistochemical analysis.

Antibody Clone Dilution Manufacturer Catalog no.  Host Target species
CAMS5 .2 CAMS 2 prediluted  Thermo Fisher Scientific, Fremont, CA, USA ZM-0316 Mouse/Human
EMA E29 1:200 Thermo Fisher Scientific, Fremont, CA, USA Kit-0011-2 Mouse/Human
CK(H) 34BE-12 1:400 Thermo Fisher Scientific, Fremont, CA, USA  MAB-0052 Mouse/Human
P504S 13H4 1:100 Zeta, Sierra Madre, CA, USA ZA0227 Rabbit/Human
Cytokeratin AE1/AE3 1:200 Dako, Glostrup, Denmark Kit-0009-2 Mouse/Human

present study was to investigate the CT imaging findings in
6 cases of RMC.

Patients and methods

Patients. An institutional review board exemption and a
waiver of the requirement for written informed consent from
the patients to perform the present retrospective study were
obtained from the First Affiliated Hospital of Fujian Medical
University (Fuzhou, China). A search in the pathology records
and the picture archiving and communication system of the
hospital identified 6 patients with RMC, who were hospitalized
at the First Affiliated Hospital of Fujian Medical University
between 2003 and 2014. Details of the patients, including age,
gender, ethnicity and clinical symptoms, were recorded, in
addition to characteristics of the tumor, including size, location
(right or left), surgery or biopsy confirmation, and presence
of metastasis, necrosis and/or hemorrhage, pyelocaliectasis,
vascular invasion and SC trait.

Multi-slice CT examinations. All examinations were
performed on multi-slice CT (MSCT) scanners (Aquilion 16
and Aquilion ONE; Toshiba Medical Systems Corporation,
Otawara-shi, Japan), using the following abdominal scanning
parameters: i) Detector collimation, 16.0x0.5 mm (n=4) or
320.0x0.5 mm (n=2); ii) gantry rotation time, 0.35-0.50 sec;
iii) pitch, 1.0-1.4; iv) tube voltage, 120 kV; and v) abdominal
reference tube current, 60-120 mA. All images were recon-
structed from the contrast-enhanced MSCT scans with a slice
thickness of 0.75-1.00 mm and reconstruction increments
of 0.5 mm.

For contrast-enhanced CT scanning, an 80-100-ml bolus
of iopromide (300 mg/ml; Bayer HealthCare Pharmaceuticals,
Berlin, Germany) was administered at a rate of 4-6 ml/sec
via injection into an antecubital vein, followed by injection of

40 ml saline solution. The enhanced CT scans were initiated at
20-25 sec following injection for the arterial (cortical) phase;
after 65-75 sec for the cortico-medullary (medullary) phase;
and after 270-300 sec for the excretory (delayed) phase. In all
cases where an initial non-contrast CT scan was available, the
degree and pattern of enhancement of the tumor were deter-
mined in the nephrographic phase.

Pathological examination. Evaluation of gross specimens was
conducted to assess their shape; presence of necrotic compo-
nents; formation of fibrous capsule; and invasion into the renal
pelvis, calyx, ureter, renal vein or inferior vena cava. Light
microscopy was used to evaluate pathological specimens, using
an XP-201 polarizing microscope (Nanjing Jiangnan Novel
Optics Co.,Ltd.,Nanjing, China),and an immunohistochemical
analysis was also conducted. The tissue was obtained from the
surgical resection or biopsy specimens in six cases. All tumors
were fixed in neutral buffered formalin and all were paraffin
embedded. Four-micron-thick sections of paraffin-embedded
materials were cut, deparaffinized in xylene and rehydrated in
descending dilution of ethanol. The sections were subjected to
heat-induced epitope antigen retrieval using an electric pressue
cooker set at 120°C for 5 min. For CAMS5.2, enzyme treatment
(IP enzyme [ventana,Tucson,AZ,USA]) was used in addition
to the heat-induced epitope antigen retrieval. The tissue was
pretreated with 3% hydrogen peroxidase for 10 min to block
endogenous peroxidase activity. The sections were incubated
in 10% normal goat serum in PBS for 10 min to block non-
specific binding. The sections were washed three times for 5
min with TBS between incubation steps. The sections were
incubated with the primary antibodies listed in Table II for
60 min. The sections were then washed as before and incubated
with the secondary antibody, RealTM EnVision (K5007; Dako
Denmark) for 30 min. Real TM DAB+Chromogen (Dako
Denmark) was used as a chromogen for antigen localization.
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Figure 1. A 38-year-old male with renal medullary carcinoma in the right
kidney. (A) Unenhanced CT scan revealed a well-defined heterogeneous
mass, presenting an attenuation of the solid part of 38 HU. (B) During the
cortical phase, contrast-enhanced CT scan indicated a mild enhancement
of the tumor (52 HU), which was lower than that of the renal cortex and
medulla. In addition, a clear boundary was observed. (C) The attenuation of
the tumor slightly increased during the medullary phase (58 HU). (D) During
the delayed phase, the attenuation of the tumor decreased to 56 HU. CT, com-
puted tomography; HU, Hounsfield units.
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Table III. Attenuation of the renal tumors on dynamic
contrast-enhanced computed tomography scan, compared
with normal renal cortex and medulla.

Attenuation, Hounsfield units

Renal medullary Normal renal Normal renal

Phase carcinoma cortex medulla
Cortical 52.6+4.8 199.5+9.7 72746 .4
Medullary 58.6+5.7 184.6+10.8 93.5+7.8
Delayed 56.8+6.1 175.748.5 96.5+79

Data is presented as the mean + standard deviation.

Slides were exposed to diaminobenzidine for 5 min. After
immunostaining, the sections were counterstained with hema-
toxylin, coverslipped and sealed. PBS was used as a negative
control for the primary antibody for each group. All renal
tumors were confirmed to be RMC based upon the histological
examination and immunohistochemical findings (1,13).

Image analysis. The imaging characteristics of the tumors
were retrospectively evaluated by two genitourinary radiolo-
gists in consensus. The following parameters were evaluated
in the tumors: Location; size; presence of calcification, cystic
or necrotic components; and attenuation on unenhanced CT
scan. The degree of enhancement of the tumors on enhanced
CT was assessed during the aforementioned 3 phases, and the
results were expressed in Hounsfield units (HUs). The presence
of a capsule, hydronephrosis, perinephric stranding, vascular
and renal tissue invasion, and metastases to retroperitoneal
lymph node or other locations, was also documented.

On non-contrast enhanced CT, tumors were considered
‘isodense’ if their density in HU was equal to that of the
renal parenchyma; ‘high’ if >30 HU; ‘mildly high’ if >10 HU;
and ‘low’ if<10 HU, compared with the contralateral normal
renal parenchyma. The tumors were considered to be solid
or cystic masses based on the predominance. Tumor location
was categorized as medullary, cortical or exophytic based
on the association of the tumor with the renal parenchyma,
and perinephric or renal sinus fat. Thus, a medullary tumor,
in which a component extended into the renal pelvis, was
considered to possess a medullary location. Similarly, any
tumor that was limited to the confines of the renal contour
was considered to have a cortical location; and an exophytic
location was assigned to any tumor extending beyond the
renal contour. The absence or presence of a tumor boundary
was assessed on the delayed phase of CT as a poorly or clearly
defined margin.

The attenuation of the tumor and the normal renal medulla
and cortex of the contralateral kidney were measured during
the 3 enhanced phases of CT. Intratumoral calcifications and
cystic components were excluded from the measured tumor
area, which was situated at the center of the mass and was
defined as the region of interest (ROI). In each phase, each
10-mm area within the ROI was measured 4 times, and the
mean value was calculated. The pattern of enhancement of the
tumor was defined as heterogeneous or homogeneous, and its
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CT line chart of renal medullary carcinoma,
normal renal cortex and medulla
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Figure 2. CT line chart of renal medullary carcinoma, normal renal cortex and
medulla during unenhanced CT and the cortical, medullary and delayed phases
of enhanced CT (n=6). CT, computed tomography; HU, Hounsfield units.

Figure 3. A fairly well-circumscribed yellow-white tumor located in the
middle and low pole of the right kidney. Ruler indicates measurement in cm.
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Figure 4. The most common histological feature of renal medullary carci-
noma is a cribriform architecture and stromal desmoplasia.
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degree of enhancement was based on the HU attenuation of
the tumor, renal cortex and medulla.

Statistical analysis. Statistical analyses were performed with
SPSS statistical software, version 3.0 (SPSS Inc., Chicago,
USA). The numerical data were presented as the mean + stan-
dard deviation. One-way analysis of variance was used to
compare the evaluated characteristics. P<0.05 was considered
to indicate a statistically significant difference.

Results

Patient characteristics. The present study included 6 patients
with RMC (3 females and 3 males), whose clinical data are
presented in Table I. The mean age of the patients at the time
of diagnosis was 50.5 years (range, 22-72 years). Tumors were
located in the right kidney in 3 cases, and the left kidney in the
remaining 3 cases. The diameter of the tumors ranged from
2.90 to 10.50 cm (mean diameter, 7.48+3.25 c¢cm), and tumor
shape was observed to be oval in 4 cases, and irregular in 2.
Of the 6 patients, 2 presented with retroperitoneal lymph node
metastasis, and 3 with hydronephrosis. According to hemo-
globin analyses, SC hemoglobinopathy was present in only
1 case, whereas the presence of SC trait was unknown for the
remaining 5 cases, prior to detection of the tumor. There was
no bias towards any particular location of the tumors or gender
of the patients among the 6 cases included in the study.

Mass position. A1l RMCs were located in the medulla and
invaded the renal pelvis. The tumors extended to the renal
cortex in 4 cases, and to the perirenal tissue in 1 case.

Mass appearance. In all 6 cases, the tumor mass was
predominantly solid and heterogeneous, and presented cystic
or necrotic components. Punctate calcifications were detected
in 1 case. A poorly defined margin of the RMC was observed
in 4 cases on the delayed phase of CT, whereas the margin
of the remaining 2 cases appeared well-defined. No fibrous
capsule was present in any of the 6 cases. In 1 case, the tumor
had spread into the retroperitoneal soft tissue, invaded the left
renal artery, and developed regional lymph node metastasis.

Attenuation of normal kidney and tumor on unenhanced CT.
The CT attenuation of the RMC was equal to that of the
normal renal cortex and medulla (42.3+2.7 vs. 40.7+£3.6 and
41.2+3.9 HU, respectively; P>0.05). On unenhanced CT, the
attenuation of the solid part of the RMC was isodense, equal
to that of the normal renal parenchyma, in all 6 cases (Fig. 1).

Degree and pattern of CT enhancement. On dynamic
contrast-enhanced CT scan, the attenuation of RMC was mark-
edly lower than that of the normal renal cortex and medulla
during all enhanced phases (P<0.05, n=6; Table III and Fig. 2).

Surgicallgross observation and follow-up. All 6 patients with
RMC underwent surgery. In 4 cases, the masses were oval, and
in 2 cases, the masses were irregular in shape and exhibited
regional lymph node metastasis. The tumor masses were firm
or rubbery with white-to-grey color, and occupied the medulla
(Fig. 3). All 6 tumors had invaded into the renal pelvis or calyx.
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Despite the total nephrectomy performed, the patients
presented a poor outcome. Consequently, chemotherapy
and/or immunotherapy was administered post-surgically in
5 cases: One case received sunitinib at a dose of 50 mg/day,
administered in one 6-week cycle of daily oral therapy for
4 weeks, followed by 2 weeks off. After the cycle, abdominal
CT images revealed an enlargement of the previously observed
retroperitoneal lymph nodes. The patient was then treated
with two 7-week cycles of high-dose-intensity MVAC (metho-
trexate, vinblastine, doxorubicin, and cisplatin), which was
initially described by Sternberg et al (14,15). Doses of 30 mg/
m? methotrexate and 3.0 mg/m? vinblastine were administered
by intravenous infusion on days 1 and 15. Doses of 30 mg/
m? doxorubicin and 70 mg/m? cisplatin were administered by
intravenous infusion on days 2 and 16 of 28-day cycles. The
other cases were treated with 1-3 cycles of high-dose-intensity
MVAC. By contrast, 1 case diagnosed with increasing meta-
static burden did not receive adjuvant therapy. The clinical
condition of the patients rapidly deteriorated following diag-
nosis of RMC. The median survival time of the 6 cases from
the time of diagnosis was 11 weeks.

Pathological findings. All 6 tumors displayed similar micro-
scopic characteristics, including a cribriform architecture
and stromal desmoplasia (Fig. 4). The reticular pattern of
growth consisted of tumor cell aggregates forming spaces
of different sizes. An adenoid-cystic pattern of growth was
further identified in 5 tumors. Necrosis was noted in all
cases. Immunohistochemical studies confirmed homogeneous
expression of low molecular weight cytokeratin CAM 5.2, and
co-expression of vimentin and epithelial membrane antigen in
all tumors.

Discussion

According to the 2004 WHO classification of renal tumors,
RMC is a rare subtype of renal cell carcinoma that was first
described as the ‘seventh sickle cell nephropathy’ (1,16). The
age range of the patients in the present study was 22-72 years.
This population is older than that reported by Davis et al (1)
(range, 11-39 years), possibly due to the fact that the patients
of the present study belonged to the Han Chinese population,
in which SC hemoglobinopathies are rare. Accordingly, only
1 of the 6 cases in the present study was diagnosed with SC
hemoglobinopathy by hemoglobin analysis.

The most significant clinical challenge presented by RMC
is that chemo-, immuno- and radiotherapy have all been
unsuccessful for the treatment of RMC, based on previous
studies (4,5,17-22). Therefore, an early diagnosis may improve
the survival rates of patients with RMC. Although RMC
has been relatively well described in previous pathological
studies (23-25), the imaging data published in these studies
are limited, particularly regarding histopathological examina-
tions. In routine clinical work, a correct imaging diagnosis
of RMC is difficult, which is mostly likely due to the low
morbidity and level of awareness of this disease (26). The
data of the present study suggest that the following imaging
characteristics may aid in identifying RMC accurately: RMC
tends to poorly circumscribed, solitary and heterogeneous
mass, which arises from the renal medulla, and presents lower
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enhancement compared with that of the cortex and medulla
in all phases of CT. In addition, RMC exhibits an infiltra-
tive appearance, and usually extends into the renal pelvis and
peripelvic tissues.

Histopathologically, RMC is known to arise from the renal
medulla, as reported in previous pathological studies (23,24).
Since other renal tumors, including parts of clear cell renal
cell carcinoma, transitional cell carcinoma, rhabdoid tumor
and renal lymphoma may also involve the medulla, differenti-
ating RMC from such other tumors may be challenging based
solely on the location of the tumor (26). However, a number of
imaging and clinical features may facilitate this differentia-
tion: The majority of cortical clear cell renal cell carcinomas
(~94%) have an expansible appearance, and display exophytic
growth that disrupts the reniform contour (27). Their degree
of enhancement is usually higher than that of the normal
renal cortex (28). These findings suggest that distinguishing
between RMCs and other renal tumors with a rich blood supply
based on their different enhancement on CT may be feasible.
Transitional cell carcinomas arise from the collecting system,
however, gross hematuria and hydronephrosis are common at
the initial staging (29). Rhabdoid tumor of the kidney usually
occurs in patients under 3 years of age, although its appear-
ance is similar to that of RMC (30,31). Renal lymphoma is
usually bilateral and multifocal, and mostly occurs in patients
with non-Hodgkin's lymphoma, although it is evident only in
~5% of patients at presentation (32,33).

The results of the present study indicate that RMCs are
heterogeneous masses with an isodense parenchyma on unen-
hanced CT scan, which is considered to be due to their stromal
desmoplasia. On pathology and surgery, satellite lesions in
the renal cortex and intratumoral hemorrhage were observed
in 5 cases and necrosis was observed in all the cases. This
combination of traits differs from that of solid tumors that
exhibit high attenuation, such as clear cell renal cell and papil-
lary carcinomas, oncocytomas and angiomyolipomas with
minimal fat (34).

In the present study, the enhancement of RMCs on CT
was lower than that of the renal cortex and medulla during
all enhanced phases of CT, which was hypothesized to be due
to the rare hypovascular features of this type of tumor. This
pattern of enhancement is atypical of tumors with a rich blood
supply, including renal angiomas, renal angiomyolipomas with
minimal fat and clear cell renal cell carcinomas, whose degree
of enhancement is normally higher than that of the normal
renal cortex (35). Therefore, these findings support the concept
that distinguishing between RMCs and renal tumors with a
rich blood supply based on their different enhancement on CT
may be relatively easy.

Due to their similar characteristics, RMC was often
misclassified in the past as an aggressive form of collecting
duct carcinoma, prior to being recognized as a separate entity.
Both RMCs and collecting duct carcinomas present an infiltra-
tive pattern, are biologically aggressive, arise from the medulla,
and are considered to derive from proliferating cells of the
collecting duct epithelium, although collecting duct carcinoma
is not associated with hemoglobinopathies (23,36,37). There-
fore, it is often difficult to distinguish between these 2 types
of tumors by using exclusively dynamic contrast-enhanced CT
imaging.
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In conclusion, the presence of an infiltrative, heterogeneous

mass with necrosis, which arises from the renal medulla and
displays lower enhancement than that of the renal cortex and
medulla during all phases of CT, suggests the diagnosis of RMC.
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