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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activity, participants will be able to:

m Discuss the common protocols recom-
mended after nephrectomy for imaging
surveillance of recurrent RCC and limi-
tations associated with these surveillance
strategies.

m Describe tumor heterogeneity and the
challenge it may present in assessment of
treatment response.

m Identify the potential limitations of size-
based response criteria in assessment of
treatment response to systemic therapy
and list the common challenges radiolo-
gists may encounter with these agents.

See rsna.org/learning-center-rg.

Locally advanced and metastatic renal cell carcinoma (RCC) pres-
ent a specific set of challenges to the radiologist. The detection of
metastatic disease is confounded by the ability of RCC to metas-
tasize to virtually any part of the human body long after surgical
resection of the primary tumor. This includes sites not commonly
included in routine surveillance, which come to light after the
patient becomes symptomatic. In the assessment of treatment
response, the phenomenon of tumor heterogeneity, where clone
selection through systemic therapy drives the growth of potentially
more aggressive phenotypes, can result in oligoprogression despite
overall disease control. Finally, advances in therapy have resulted
in the development of immuno-oncologic agents that may result in
changes that are not adequately evaluated with conventional size-
based response criteria and may even be misinterpreted as progres-
sion. This article reviews the common challenges a radiologist may
encounter in the evaluation of patients with locally advanced and
metastatic RCC.

©RSNA, 2019 - radiographics.rsna.org

Introduction

Renal cell carcinoma (RCC) is the most common primary renal
malignancy, accounting for 90% of all renal malignancies. The most
common subtype is clear cell RCC, followed by papillary and chro-
mophobe subtypes. Each different histologic subtype is associated
with distinct oncologic behavior and prognosis (1,2). Worldwide, kid-
ney cancer is the 13th most common malignancy, and in the United
States, the incidence of kidney cancer increased by 1.1% from 2004
to 2013 (3). Currently, the 5-year survival rate for kidney cancer is
approximately 74%, which is an increase from 57% in 1987 (4).

Fortunately, the majority of patients (65%) with RCC have local-
ized disease when they receive their diagnosis, while 16% of patients
have RCC that has spread to regional lymph nodes, and another
16% have metastatic disease (4). The 5-year survival rate and risk of
recurrent disease after resection are affected by various factors such as
tumor grade, stage, and subtype of RCC.
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B RCC has been reported to metastasize to virtually any part of
the human body, with case reports showing metastases to the
scalp; oral cavity; salivary, thyroid, and parathyroid glands; tes-
ticles; and penis. Infrequent sites of disease include the spleen,
pleura, kidney, and ovaries. This may delay the detection of
metastatic disease, because some sites such as the head and
neck are not included in routine surveillance imaging for meta-
static disease, and spread to these sites may be identified only
after the patient becomes symptomatic.

B As with most malignancies, the time of greatest risk for recur-
rence of RCC is early after treatment, with the median time
to relapse within 1-2 years after surgery. However, numerous
case reports have documented recurrence more than 10 years
after resection. To our knowledge, no formal recommenda-
tions exist for surveillance imaging beyond 5 years. One such
site classically associated with delayed presentation of recur-
rent disease is the pancreas.

B RCC is characterized by tumor heterogeneity, a phenomenon
in which different clones of cells with specific genomic altera-
tions coexist in the primary tumor and possibly even metas-
tases. Clone selection through systemic therapy drives the
growth and survival of certain subclones and possibly more
aggressive phenotypes.

B Compared with traditional cytotoxic therapies, molecular-
targeted agents may result in changes in the tumor microen-
vironment such that a response may not be solely reflected in
a change in size.

B |mmune modulators have resulted in a further challenge, be-
cause their mechanism of action, through immune and T-cell
activation, can result in unusual patterns of response. Infiltration
of tumor deposits by immune cells can result in a transient in-
crease in lesion size (and visualization of new lesions) compared
with those at initial imaging, followed by tumor regression,
which is a phenomenon known as pseudoprogression.

The radiologist plays an essential role in the
care of patients with RCC. However, metastatic
RCC presents challenges to the radiologist, includ-
ing the ability of RCC to invade locally and/or me-
tastasize to a number of unusual sites many years
after resection of the primary tumor. Although the
advent of targeted and immune therapies, stereo-
tactic radiation therapy, and various percutaneous
ablation techniques has revolutionized the treat-
ment of patients with metastatic RCC, these thera-
pies have presented new issues that may confound
the interpretation of disease response. This article
reviews the common challenges a radiologist may
encounter in patients with metastatic RCC.

Background

RCC Subtypes and Their Imaging
Characteristics

There are multiple subtypes of RCC that are
differentiated by various histopathologic features
such as cytoplasmic and architectural features, an-
atomic location within the kidney, and molecular
alterations. The most common subtype of RCC is
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clear cell RCC, which accounts for approximately
70% of cases (1). At histopathologic examination,
clear cell RCC is differentiated from other sub-
types by nests of cells with clear, lipid-containing
cytoplasm characteristically surrounded by an
extensive capillary network (5). Clear cell RCC is
associated with a worse prognosis than are papil-
lary RCC and chromophobe RCC (6,7).

At CT and MRI, hypervascularity that occurs
during the corticomedullary phase, with peak
enhancement of as much as or greater than
that of the renal cortex, is the characteristic
feature of clear cell RCC (8,9). At MRI, clear
cell RCC tends to appear hyperintense on T2-
weighted images; the presence of lipid within
the cytoplasm of clear cell RCC is reflected on
out-of-phase T'1-weighted images as a relative
decrease in signal intensity compared with that
on in-phase images. At diffusion-weighted MRI,
clear cell RCC can have various appearances
with a range of apparent diffusion coefficients
reported, although high-grade clear cell RCC
has been reported to have significantly lower
apparent diffusion coefficients compared with
those of low-grade clear cell RCC (10,11).

The second most common subtype of RCC is
papillary RCC, which accounts for 15%-20% of
cases (1). Compared with clear cell RCC, papil-
lary RCC is more often multifocal and bilateral.
Papillary RCC is divided into two subtypes. Type
1 papillary RCC tumors have cells with scant
pale cytoplasm arranged as a single layer along
a papillary core (12).Type 2 papillary RCCs are
characterized by cells with pseudostratified nuclei
and voluminous eosinophilic cytoplasm (12).
Compared with the type 1 subtype, type 2 papil-
lary RCC is associated with a worse prognosis, in
addition to a higher tumor stage and grade. Never-
theless, a subset of tumors have mixed histologic
features, and recent studies suggest that type 2
tumors may be composed of individual subtypes
with specific molecular alterations rather than a
single subtype (13).

At imaging, papillary RCC is characteristi-
cally hypovascular compared with clear cell RCC,
enhancing to a lesser degree compared with the
renal cortex (9). Intralesional hemorrhage is com-
mon and can result in signal hyperintensity and
hypointensity on T'1- and T2-weighted images,
respectively. Papillary RCC also can manifest as a
complex cystic mass containing hemorrhagic con-
tents and mural hypoenhancing nodules. Features
may overlap between type 1 and type 2 subtypes
of papillary RCC, although type 2 papillary RCCs
tend to be larger. Similarly, papillary RCC type 2
manifests more often with an infiltrative pattern
and renal vein invasion, both of which are features
associated with worse prognosis (14,15).
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Several new subtypes of RCC recently were
recognized in the 2016 World Health Organiza-
tion classification (13), including hereditary
leiomyomatosis RCC, succinate dehydroge-
nase—deficient RCC, tubulocystic RCC, acquired
cystic disease—associated RCC, and clear cell
papillary RCC. Hereditary leiomyomatosis RCC
is a rare autosomal-dominant condition caused
by a germline loss of function mutation in the
fumarate hydratase gene and is characterized
by the presence of cutaneous and uterine leio-
myomas and RCC. The histologic and imaging
appearance of hereditary leiomyomatosis RCC is
in keeping with the type 2 papillary RCC sub-
type and is associated with a poor prognosis (16).
Patients with germline mutations in succinate
dehydrogenase—deficient genes are predisposed
to developing succinate dehydrogenase—deficient
RCC, in addition to paragangliomas, and the
tumors tend to develop in young adults (17).
However, to our knowledge, the imaging char-
acteristics of succinate dehydrogenase—deficient
RCC have not yet been well described.

Tubulocystic RCC is a rare tumor and is re-
ported to occur more commonly in male patients
(18). At imaging, tubulocystic RCC has been
reported to manifest as a complex cystic mass and
may show features of a Bosniak IIF, III, or IV cys-
tic lesion (19,20). Patients with end-stage kidney
disease and three or more cysts per kidney are
defined as having acquired cystic kidney disease
(21). Previously, papillary RCC was reported to
be the most common subtype of RCC in patients
with acquired cystic kidney disease.

Acquired cystic kidney disease—associated RCC
is a distinct subtype with specific histologic features,
including cribriform architecture and calcium oxa-
late crystal deposition, and is now reported to be
the most common subtype of RCC in patients with
acquired cystic kidney disease (22,23).

Clear cell papillary RCC is characterized at his-
topathologic examination as containing papillary
and clear cell components and is reported to occur
more commonly in patients with chronic kidney
disease as well (24). This subtype is thought to
have a low potential for malignancy and a favor-
able prognosis (25,26). A broad spectrum of
imaging features has been described, including a
predominantly complex cystic appearance and a
predominantly solid heterogeneous or homoge-
neous mass, with hypo- and hyperenhancing solid
areas, which make it challenging to differentiate
clear cell papillary RCC from papillary RCC and
clear cell RCC at imaging (27,28).

Tumor Biology of Clear Cell RCC
The discovery of the von Hippel-Lindau (VHL)
gene and its role in the development of clear cell

radiographics.rsna.org

RCC was pivotal in advancing the understanding
of the biology of this tumor and developing new
therapeutic agents. The protein encoded by the
VHL gene, pVHL, is a critical component in the
hypoxia pathway, because it regulates the hypoxia-
inducible factor (HIF) (29). When oxygen is avail-
able, pVHL designates HIF for degradation. In a
patient with hypoxia, HIF is not labeled, and this
results in the expression of multiple angiogenic
factors such as vascular endothelial growth factor,
platelet-derived growth factor, and transforming
growth factor. Therefore, mutations inactivating
the VHL gene result in deregulated expression

of HIF-responsive genes (with hypoxia response
elements in their promoters), and ultimately, the
formation of new blood vessels (ie, neoangiogen-
esis), which facilitates tumor growth.

The mammalian target of rapamycin (mTOR)
protein also has a role in the regulation of HIF,
such that mTOR promotes HIF activity (30).
These insights have driven the development of tar-
geted therapies. Vascular endothelial growth factor
and platelet-derived growth factor induce angio-
genesis through acting on their cognate receptor
tyrosine kinases. The vascular endothelial growth
factor pathway is inhibited by several drugs ap-
proved by the U.S. Food and Drug Administration
(FDA) for the treatment of advanced RCC includ-
ing bevacizumab, a neutralizing vascular endothe-
lial growth factor antibody, and tyrosine kinase
inhibitors such as sorafenib, sunitinib, pazopanib,
axitinib, cabozantinib, and lenvatinib. Everolimus
and temsirolimus are also FDA-approved drugs
for the treatment of advanced RCC that inhibit
mTOR complex 1. HIF-2 inhibitors have been
developed in recent years and are currently under
investigation (31-33).

Like many malignancies, RCC exploits immune
checkpoint pathways to evade targeting by the
immune system. Normally, the immune system is
able to identify and eliminate abnormal cancer-
ous cells by recognizing neoantigens expressed on
the tumor cells. Cytotoxic T-lymphocytes require
signals to become activated and are regulated by
checkpoint pathways. Cytotoxic T-lymphocyte
antigen 4 and programmed cell death-1 and its
ligand are examples of molecules implicated in
T-cell regulation that are the targets of FDA-
approved inhibitors such as nivolumab and
ipilimumab, which have demonstrated activity in
patients with RCC.

Imaging Assessment
and Challenges in Detection

Surveillance Strategies
The primary treatment of localized RCC is surgi-
cal resection through partial or radical nephrec-
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tomy, and imaging after therapy is necessary to
identify recurrent disease. To our knowledge, a
universally accepted imaging surveillance strategy
has not yet been established, but current guide-
lines suggest imaging on the basis of the risk-
adapted protocol and patterns of recurrence. The
rate and timing of recurrence after therapy and
local or distant metastatic recurrence vary and are
dependent on several factors such as tumor grade,
stage, and histologic features (eg, the presence of
sarcomatoid component) (34-36).

Certain subtypes such as clear cell RCC are
more likely to metastasize; one recent study of
41 836 patients with metastatic RCC found that
79% were related to clear cell RCC (37). Recur-
rence most often occurs within the first 3 years
after surgery. The reported recurrence rate after
partial or radical nephrectomy may be as low
as 15%-20% for patients with low-risk disease
(pT1, NO or NX) and has been reported to
reach nearly 70% for patients with moderate- to
high-risk disease (pT2-4, NO or N1) (38-41).
The most common sites of recurrence include
the lung, bone, lymph nodes, adrenal gland, liver,
and, less frequently, the brain (41-43).

Most guidelines suggest imaging of the chest
and abdomen, taking into account the common
sites of recurrence. In patients with low-risk disease
after partial nephrectomy (eg, localized T'1 dis-
ease), the American Urological Association (AUA)
and the National Comprehensive Cancer Network
(NCCN) guidelines advocate baseline imaging
of the abdomen with contrast material-enhanced
CT or MRI within 3-12 months after surgery and
chest radiography 12 months after surgery. CT is
more likely to allow identification of recurrences in
the chest, although given the cost, radiation expo-
sure, false-positive results (eg, lung granulomas),
and the low likelihood of recurrence in patients at
low risk, chest radiography is the preferred mo-
dality. If chest radiography shows an abnormality
suspicious for metastatic disease (eg, lymphade-
nopathy, a nodule, or a mass), CT should be
performed for further evaluation. A more aggres-
sive surveillance approach usually is followed for
those with moderate- and high-risk disease (ie, T2
and T3 disease) (39). AUA and NCCN guidelines
recommend baseline imaging at 3 months with
contrast-enhanced CT of the chest and contrast-
enhanced CT or MRI of the abdomen followed by
repeat imaging at least at 6-month intervals for the
first 3 years and yearly until 5 years.

The American College of Radiology pro-
vides similar recommendations in asymptomatic
patients with no known metastases after primary
treatment of RCC. Chest radiography usually is
considered appropriate, unless the patient is at
high risk for metastatic disease; otherwise, CT
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of the chest with intravenous contrast material is
recommended. For imaging of the abdomen and
pelvis, contrast-enhanced CT and MRI are con-
sidered equally appropriate.

Ideally, all imaging should be performed with
intravenous contrast material. A large percentage
of patients meet criteria for chronic kidney disease
after partial and radical nephrectomy. In patients
at risk for contrast material-induced nephropa-
thy, including those older than 60 years or with a
history of renal disease (eg, renal cancer, a single
kidney, renal surgery, dialysis, renal transplant, hy-
pertension requiring medical therapy, or diabetes),
assessment of renal function before the intravascu-
lar administration of iodinated contrast medium is
suggested, given the potential risk of contrast mate-
rial-induced nephropathy (39). Although there is
no specific threshold at which iodinated contrast
material should not be administered, an estimated
glomerular filtration rate of 30 mL per minute per
1.73 m? has been suggested (44). Nevertheless, the
use of contrast material is essential for detection of
metastatic disease in the majority of solid organs,
particularly with CT.

In addition, with CT, dual-phase imaging dur-
ing the arterial and portal venous phases is recom-
mended in patients with RCC, because metastases
to the liver and pancreas may be visible in only the
arterial phase (45). In one study (46), 33% of liver
metastases from RCC were detected in only the
arterial phase. To our knowledge, studies in which
the sensitivity of nonenhanced CT for the detec-
tion of metastatic disease were evaluated are lack-
ing, specifically in patients with RCC. One study
(47) in patients with gastrointestinal malignancies
reported per-patient and per-lesion sensitivity for
new hepatic metastases at nonenhanced CT of
56.1%—66.7% and 52.6%—-56.8%, respectively.

Intravenous administration of gadolinium-
based contrast agents at the standard dose is not
considered nephrotoxic. The risk of nephrogenic
systemic fibrosis is very low or possibly nonex-
istent in patients who receive standard or lower
than standard doses of group II gadolinium-based
contrast agents. Accordingly, the current Ameri-
can College of Radiology guidelines indicate that
renal function assessment with a questionnaire
or laboratory testing before administration of a
standard dose of a group II gadolinium-based con-
trast agents is optional (48). Patients who receive
a group I or group III gadolinium-based contrast
agent should be screened for renal impairment.

In patients with a contraindication to iodinated
contrast material (ie, allergy or renal impairment),
nonenhanced CT of the chest and MRI of the
abdomen and pelvis can be performed.

The role of PET in patients with RCC is less
obvious. PET/CT is not used routinely in the



RadioGraphics

1002 July-August 2019

radiographics.rsna.org

Figure 1. Thyroid metastasis from clear cell RCC in a 53-year-old man. (a) Coronal CT image of the chest
with intravenous contrast material shows a heterogeneous nodule in the left lobe of the thyroid (yellow ar-
row). Note the subtle residual cortical irregularity in the right fifth rib (white arrow), which is a sequela of a
metastasis that had been treated previously with stereotactic radiation therapy. (b) Coronal CT image of the
chest from an examination performed 2 years later shows interval enlargement of the left thyroid lesion (yel-
low arrow). Again note the subtle cortical irregularity in the right fifth rib (white arrow). (c) Thyroid US image
from an examination performed soon after the CT examination in b shows a predominantly solid nodule with
scattered cystic components in the left thyroid lobe (arrows). Fine-needle-aspiration biopsy allowed confirma-

tion of metastatic RCC.

initial staging of a newly diagnosed RCC or in

the assessment of metastatic disease and response
to therapy. Fluorine 18 (**F) fluoro-2-deoxy-2-d-
glucose is not recognized in the NCCN guidelines,
although it is sometimes used for problem solv-
ing. "®F—sodium fluoride PET/CT has excellent
sensitivity for bone metastasis compared with CT
and bone scintigraphy (49), although availability,
high cost, and limited reimbursement have limited
its implementation in clinical practice.

Even with optimal imaging techniques and
strategies, detecting recurrent and metastatic
disease may be confounded by various factors
including the propensity to metastasize to virtually
any part of the human body, atypical patterns of
manifestation, and limitations in technique. Be-
cause patients with metastatic disease live longer
with new therapies, these tumors have the oppor-
tunity to metastasize to more locations, some of
which may not be the most common targets for
metastatic RCC.

Unusual Locations

RCC has been reported to metastasize to virtu-
ally any part of the human body, with case re-
ports showing metastases to the scalp; oral cavity;
salivary, thyroid, and parathyroid glands; testicles;
and penis (50-52). Infrequent sites of disease
include the spleen, pleura, kidney, and ovaries
(53).This may delay the detection of metastatic
disease, because some sites such as the head and
neck are not included in routine surveillance
imaging for metastatic disease, and spread to
these sites may be identified only after the patient

becomes symptomatic. In addition, one case
series (49) of 36 patients with thyroid metastases
showed an absence of clinical evidence for thy-
roid dysfunction (ie, hyper- or hypothyroidism),
which may further confound initial detection (Fig
1). Nevertheless, even in sites that are imaged
routinely as part of surveillance, identification of
metastatic disease against normal anatomic struc-
tures may be difficult.

An RCC metastasis to the gastrointestinal
tract and peritoneum is an uncommon phenom-
enon. Nevertheless, identification of gastrointesti-
nal metastases is crucial, because they can result
in various complications including gastrointesti-
nal bleeding, obstruction, and biliary and pan-
creatic ductal dilatation in the uncommon case
of duodenal metastases. In one study (43), small
and large intestine metastases were identified in
1.3% and 1.1% of patients with metastatic RCC,
respectively; peritoneal involvement was found in
7% of patients.
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Figure 2. Clear cell RCC metastasis to the small bowel in a 57-year-old man. (a—c) Coronal T2-weighted (a), axial fat-saturated
T2-weighted (b), and axial three-dimensional contrast-enhanced T1-weighted (c¢) MR images through the upper abdomen show
a subtle intraluminal lesion in a segment of the jejunum (arrow in a and c). Note the hypervascular nature of the lesion exhibiting
intense enhancement during the arterial phase (arrow in c), which is typical of clear cell RCC. During the MRI examination, the seg-
ment of the bowel with the lesion was intermittently undergoing intussusception (arrows in b), which obscured the abnormality.
(d, e) Coronal T2-weighted (d) and axial contrast-enhanced arterial phase (e) MR images acquired 3 months later show that the

abnormality has increased in size and is more readily visible (arrow).

Gastrointestinal metastases are reported to oc-
cur most commonly in the ileum and duodenum
(43,54) and may manifest as avidly enhancing
intraluminal polypoid lesions, exophytic submu-
cosal lesions, or focal wall thickening. In addition,
reports have described patients who presented
with single or multiple intussusceptions second-
ary to intestinal metastases (55,56) (Fig 2).
Peritoneal metastases can manifest as discrete
avidly enhancing nodules, although widespread
omental infiltration also has been described (57).
Some RCC subtypes may have a predisposition
for this pattern of spread. Peritoneal metastases
are reported to be common with papillary RCC
(58). In our experience, patients with hereditary
leiomyomatosis and RCC also may have a higher
predisposition for metastases to the omentum or
peritoneum (Fig 3).

The detection of gastrointestinal tract metastases
may be challenging at routine imaging of the abdo-
men and pelvis, because a large volume of enteric
contrast material to distend the bowel lumen is not
administered regularly unless there is a preexisting
indication for small bowel assessment, where an ap-
propriate enterographic technique may be imple-

mented. In addition, positive oral contrast material,
which could obscure avidly enhancing intraluminal
lesions or peritoneal metastases near the bowel, may
be administered during routine imaging, such as
CT of the abdomen and pelvis. Similarly, at MRI,
unless the small bowel is prepared with an adequate
volume of oral contrast material, susceptibility and
motion artifacts could obscure both gastrointestinal
tract and peritoneal metastases. The use of positive
oral contrast material increases the detection of
mesenteric and peritoneal nodules, although hyper-
enhancing bowel contents may obscure enhancing
bowel metastases (Fig 4).

In comparison, the use of negative oral con-
trast material increases the detection of enhanc-
ing bowel lesions, although peritoneal lesions may
go undetected, because omental and mesenteric
masses may be mistaken for nonenhancing bowel
tissue. Currently, to our knowledge, there are no
formal recommendations regarding the use of
oral contrast material in the oncologic setting,
and at our institution, we routinely use positive
oral contrast material at CT performed for onco-
logic follow-up. The intense enhancement of clear
cell RCC metastases also may challenge their
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Figure 3. Hereditary leiomyomatosis and RCC syndrome in a
30-year-old woman. (a) Axial contrast-enhanced T1-weighted MR
image shows a right partially cystic renal tumor. Note the obvious
infiltration of the renal parenchyma by the tumor (arrow). After ne-
phrectomy, histopathologic evaluation and molecular assessment of
the tumor disclosed fumarate hydratase—deficient RCC. (b, c) Axial (b)
and sagittal (c) contrast-enhanced CT images acquired 1 year after
nephrectomy show diffuse omental carcinomatosis (white arrows in b
and ¢). An enhancing mass consistent with a leiomyoma is noted in the

uterus (yellow arrow in c).

recognition compared with adjacent enhancing
vascular structures.

Late Manifestations

As with most malignancies, the time of greatest
risk for recurrence of RCC is early after treatment,
with the median time to relapse within 1-2 years
after surgery (40,41,59). However, numerous

case reports (60—-62) have documented recur-
rence more than 10 years after resection. To our
knowledge, no formal recommendations exist for
surveillance imaging beyond 5 years. One such site
classically associated with delayed manifestation of
recurrent disease is the pancreas. Overall, the pan-
creas is an uncommon site for metastatic disease,
with a reported incidence of 1.3%—-11%.Clear cell
RCC is one of the more common primary tu-
mors to metastasize to the pancreas (63). Patients
with RCC and pancreatic metastasis tend to have
more indolent disease than do other patients with
metastatic RCC (64). Several patterns of manifes-
tation have been described at imaging, including a
solitary and well-defined metastasis and multifocal
or diffuse infiltration of the gland with no predilec-
tion for a particular part of the gland (63,65).

At contrast-enhanced CT, pancreatic meta-
static lesions are most often hypervascular and
demonstrate avid early arterial phase enhance-
ment followed by rapid washout in subsequent
phases (45,66) (Fig 5). While metastases most of-
ten remain hyperattenuating in the portal venous
phase relative to the background parenchyma,
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b.

the difference in attenuation between the pan-
creas and metastasis is greatest during the arterial
phase, with up to 9% of metastases seen only on
arterial phase images (45).

At MRI, pancreatic metastases demonstrate
similar findings to those of contrast-enhanced
CT, although the inherent tissue contrast of MRI
provides additional sequences to assist in le-
sion identification. The pancreatic parenchyma
normally appears as uniform hyperintensity on
nonenhanced T'1-weighted MR images and allows
the identification of pancreatic metastases, which
appear as hypointensity relative to the surround-
ing parenchyma. It is important to scrutinize the
pancreas carefully at nonenhanced T'1-weighted
fat-saturated MRI, because many pancreatic
metastases become isointense (ie, imperceptible)
when compared with the avidly enhancing pan-
creatic parenchyma after administration of gado-
linium-based contrast material, even during the ar-
terial phase. At T2-weighted MRI with or without
fat saturation, metastases may appear hyper- or
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Figure 4. Metastatic clear cell RCC to the large bowel in a 54-year-old man. (a, b) Axial contrast-enhanced arterial phase (a)
and portal venous phase (b) CT images of the upper abdomen show a subtle intraluminal lesion in the proximal transverse co-
lon that appears nearly isointense (yellow arrow in a) compared with the oral contrast material (red arrow in a) in the adjacent
colon on the arterial phase image. The lesion becomes hypointense (yellow arrow in b) relative to the oral contrast material
in the adjacent colon (red arrow in b) during the portal phase acquisition. This lesion went undetected on several subsequent
follow-up studies. (c, d) Axial (c) and coronal (d) CT images of the upper abdomen acquired 1.5 years later show that the
intraluminal lesion has increased in size (yellow arrow) and resulted in a short-segment colocolic intussusception. Subsequent

hemicolectomy allowed confirmation of metastatic clear cell RCC.

hypointense relative to the parenchyma, and at
diffusion-weighted MRI, pancreatic metastases are
more often hyperintense (67,68).

Pancreatic metastases can be differentiated
from primary pancreatic adenocarcinoma. While
pancreatic metastases can result in ductal dilata-
tion, in our experience, it is less pronounced than
in primary pancreatic adenocarcinoma, even in
the presence of large metastatic lesions. Further-
more, pancreatic adenocarcinoma characteristi-
cally enhances less than the surrounding pancre-
atic parenchyma in the arterial phase and encases
peripancreatic arteries and veins, which are
uncommon features with pancreatic metastases
(69,70). The imaging appearance of pancreatic
metastases may overlap with that of neuroendo-
crine tumors at CT and MRI, because both are
hypervascular and show variable signal intensity
at T2-weighted MRI. However, pancreatic metas-
tases are multiple more frequently than are neu-
roendocrine tumors (67). In addition, a recent

study (71) suggested that pancreatic metastases
may show a greater relative percentage of wash-
out between the arterial and portal venous phases
at CT than that of neuroendocrine tumors.

Adrenal Metastases

Depending on the pathway of extension of the
tumor to the adrenal gland, the patient’s cancer is
staged differently on the basis of the tumor, lymph
node, metastasis (TNM) staging system. RCC can
affect the adrenal gland because of direct invasion
of the ipsilateral gland (T4 disease) or because of
hematogenous spread to either gland (metastatic
disease). The latter results in separate adrenal
nodules, which represent a diagnostic dilemma,
particularly in patients with clear cell RCC and no
prior imaging available for comparison. Clear cell
RCC metastases can have overlapping imaging fea-
tures with lipid-poor adenomas at adrenal washout
CT (72). Similarly, both clear cell RCC metastasis
and lipid-rich adenomas can exhibit lipid content



RadioGraphics

1006 July-August 2019

€

radiographics.rsna.org

Figure 5. Metastatic RCC involving the pancreas and left adrenal gland in a 65-year-old man. (a, b) Axial (a) and
coronal (b) contrast-enhanced CT images acquired during the arterial phase show an avidly enhancing mass in the
pancreatic neck (red arrow in a) resulting in upstream dilatation of the pancreatic duct (arrow in b). A large left adre-
nal metastasis (black arrow in a) is present. The patient was subsequently administered ipilimumab and nivolumab.
(¢, d) Axial (c) and coronal (d) contrast-enhanced CT images from an examination performed 3 months after the initia-
tion of therapy show a dramatic decrease in the size and enhancement of the pancreatic (red arrow in c) and adrenal
(black arrow in ¢) metastases. Note the associated resolution of pancreatic ductal dilatation.

at chemical shift MRI. A recent study (73) sug-
gested that hyperintensity and heterogeneity at T2-
weighted MRI are more common in patients with
adrenal metastasis than in those with adenomas.

Osseous Metastases

Osseous metastases deserve special mention,
because unlike the gastrointestinal tract and pan-
creas, bone is a more common site for metastatic
disease, and bone metastases are found in approxi-
mately 22%-30% of patients with metastatic RCC
(43,74). Nevertheless, to our knowledge, the ideal
method for the detection of osseous metastases in
metastatic RCC has not been established.

Bone metastases from RCC are most often
osteolytic and more commonly affect the axial
skeleton. At CT, metastases manifest as a site of
osseous lytic destruction and may show an associ-
ated enhancing soft-tissue mass. Osseous metas-
tases can be distinguished from normal marrow
signal intensity on nonenhanced T 1-weighted
and fat-saturated T2-weighted MR images, with

lesions appearing hypointense and hyperintense,
respectively, relative to fatty marrow. At diffusion-
weighted MRI, metastases are most often hyperin-
tense relative to marrow as well. On T2-weighted
MR images, a rim of signal hyperintensity, which
is postulated to be the result of destruction of
trabeculae leading to a fluid-filled gap, has been
described as specific for osseous metastases (75).

Early diagnosis is essential to guide therapy and
help prevent skeletally related events such as patho-
logic fractures, spinal cord compression, and bone
pain. While the axial skeleton is more often affected
by metastatic disease, RCC metastases can occur
in the appendicular skeleton as well. Therefore, the
ideal method to detect osseous metastatic disease is
screening of the entire skeleton.

A skeletal radiographic survey may be per-
formed to identify a lytic metastasis that is at risk
for pathologic fracture. To our knowledge, the sen-
sitivity of a skeletal survey in patients with RCC
has not been studied well. Bone scintigraphy with
technetium 99m (°*®T¢) methylene diphosphonate
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provides a survey of the entire skeleton at a rela-
tively low cost and is a standard initial method for
screening the skeleton for metastatic disease. How-
ever, RCC metastases are most often lytic, with a
limited osteoblastic response, resulting in poor up-
take at bone scintigraphy. The reported sensitivity
of scintigraphy for bone metastases from RCC is
10%—-60% (76). '®F-labeled sodium fluoride PET/
CT has sensitivity of 98.7%—-100% and specificity
of 94.4% for the detection of metastatic disease;
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Figure 6. Metastatic RCC and hip pain in a
63-year-old man. (a) Radiograph of the right hip
shows no abnormalities. (b) #™Tc methylene di-
phosphonate bone scintigram shows lesions in the
right humerus and the clavicle (arrows) and the
right hip (dashed square). (c) Detail image of the
right hip corresponding to the dashed square in b
shows abnormal uptake in the right femoral head
(red arrow) and a small area of increased uptake
in the acetabulum (yellow arrow). (d, e) Coronal
fat-saturated T2-weighted fast spin-echo MR im-
ages at the level of the femoral head (d) and the
ischial tuberosity (e) show marrow edema in the
femoral neck (red arrows in d) corresponding to
the abnormality on the bone scan due to an in-
sufficiency fracture. Mild degenerative changes are
noted in the right acetabulum (yellow arrow in d),
corresponding to the focus of uptake in the right
acetabulum in ¢, but there is no evidence of metas-
tasis. A metastasis in the right ischium (red arrow in
e) is clearly shown on the MR images but not de-
tected on the bone scintigram (black arrow in c).

in one study (77) evaluating patients with meta-
static RCC, the sensitivity of "*F sodium fluoride
PET was found to be twice that of CT and three
times that of bone scintigraphy. However, despite
excellent results, its lack of wide availability, high
cost, and limited reimbursement have challenged
the broad implementation of "*F sodium fluoride
PET/CT in clinical practice.

MRI provides numerous advantages including
excellent contrast and spatial resolution, which
allow for exquisite evaluation of both the corti-
cal bone and bone marrow; the nonnephrotoxic
nature of gadolinium-based contrast agents; and
the lack of ionizing radiation. These attributes
provide the opportunity for better characterization
of metastatic and nonmetastatic lesions compared
with that of bone scintigraphy (Fig 6). However,
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the limited anatomic coverage and total examina-
tion time preclude the wide use of MRI for screen-
ing of the entire skeleton. Relatively recent im-
provements in MRI techniques have provided the
opportunity to screen virtually the entire skeleton
for metastatic disease. Several reports (78-80)
have described the utility of whole-body MRI in
patients with several types of malignancies. Simi-
larly, whole-body MRI has demonstrated superior
sensitivity to that of **®Tc methylene diphospho-
nate bone scintigraphy and CT for detection of
RCC osseous metastases (81,82).

Challenges in Response Assessment
The assessment of response to therapy in patients
with metastatic RCC can be difficult because of
various factors, including those related to tumor
biology, such as tumor heterogeneity, and those
related to the type of treatment.

Locally Advanced Disease

RCC can manifest with local infiltration into peri-
renal fat, adjacent organs, and posterior or lateral
abdominal wall musculature. Extension outside
the kidney does not necessarily affect the assess-
ment of response in the primary tumor, which is
measured on the basis of standard size criteria.
Approximately 4%—-9% of patients with RCC
present with a tumor thrombus extending into the
ipsilateral renal vein, with or without extension
into the inferior vena cava (83). Of these, almost
70% are clear cell RCCs and 9% are RCCs with
sarcomatoid differentiation (83). Surgical resection
is the standard of care for patients with venous
tumor thrombus. However, assessment of response
to systemic therapy in the tumor thrombus may be
necessary in nonsurgical patients and those with
an unresectable tumor thrombus after surgery.
This assessment may not be straightforward,
because tumor thrombus appearance may change
because of circulation or pulsatility, and variability
in the associated bland thrombus may impair the
evaluation of treatment-induced changes in the
tumor thrombus.

Previous reports (84-89) in which antiangio-
genic drugs were used in the neoadjuvant setting
for patients with locally advanced disease have
shown conflicting results regarding the reduction
in the size of the tumor and the inferior vena cava
tumor thrombus to facilitate surgical resection.
Despite some encouraging results, the response
to these neoadjuvant therapies remains heteroge-
neous, with a substantial number of primary tu-
mors and tumor thrombi exhibiting no reduction
in size. Some of these therapies have been impli-
cated in postoperative wound complications (90).

The role of adjuvant and neoadjuvant immuno-
therapy in RCC is under investigation (91). Our
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group (92) reported on the use of stereotactic ab-
lative radiation therapy in two patients with RCC
and a level 4 thrombus of the inferior vena cava.
Imaging studies showed a decrease in the size of
the inferior vena cava tumor thrombus and in
enhancement after stereotactic ablative radiation
therapy; these results correlated with improvement
in symptoms. The use of neoadjuvant stereotactic
ablative radiation therapy in a level 2 or greater
thrombus of the inferior vena cava in patients with
RCC is currently under investigation (93).

Tumor Heterogeneity—RCC is characterized by
tumor heterogeneity, a phenomenon in which dif-
ferent clones of cells with specific genomic altera-
tions coexist in the primary tumor and possibly
even metastases (94). Clone selection through
systemic therapy drives the growth and survival

of certain subclones and possibly more aggressive
phenotypes. This can result in the phenomenon of
oligoprogression: progression of one or a few sites
of disease despite overall stable disease or even
response. The radiologist must identify the lesions
that are enlarging, because focal therapy may be
applied and may allow the patient to continue with
a particular systemic therapy (95) (Fig 7).

Treatment-related Challenges.—Response assess-
ment traditionally has relied on size-based criteria,
with the Response Evaluation Criteria in Solid Tu-
mors (RECIST) 1.1 as the most commonly used
method for response assessment (96). RECIST
1.1 is used for clinical trials, although it is not used
routinely in clinical practice. The development of
molecular-targeted therapies, including tyrosine
kinase, mTOR, and immune checkpoint inhibi-
tors, poses challenges for the RECIST criteria.
Compared with traditional cytotoxic therapies,
molecular-targeted agents may result in changes in
the tumor microenvironment such that a response
may not be solely reflected in a change in size (Fig
8). In some cases, the size of lesions may increase
secondary to internal hemorrhage or necrosis (97).
These challenges have motivated the use of
several alternative tumor shrinkage thresholds
such as 10% and 20% long-axis-diameter reduc-
tions (98,99). Similarly, several alternative criteria
have been proposed, such as those by Choi et
al (100); revised Choi (101); and morphology,
attenuation, size, and structure (MASS) criteria
(102), which attempt to overcome the limitations
of RECIST 1.1 (103). In addition to assessment
for changes in lesion size, these criteria incorporate
assessments of attenuation for determination of a
response (Table). Nevertheless, attempting to use
these alternative criteria in routine clinical practice
is challenging owing to their need for contrast-
enhanced studies and the difficulty in compar-
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Figure 7. Metastatic clear cell RCC in a 53-year-old man undergoing therapy with nivolumab with oligoprogression.
(a, b) Axial contrast-enhanced CT images through the lower chest and upper abdomen before the initiation of nivolumab
show several extrapleural metastases in the right hemithorax (arrow). The patient subsequently received nivolumab.
(¢, d) Axial contrast-enhanced MR images acquired 6 months after therapy show that most of the lesions decreased in size
substantially (arrow in d), but one of the metastases had enlarged (arrow in c). Another extrapleural metastasis had resolved
(not shown). (e) Axial contrast-enhanced MR image from an examination after radiation therapy was performed for the en-
larging lesion shows a decrease in size and enhancement of the right chest wall lesion (arrow). The patient continued to take

nivolumab for an additional 6 months.

ing enhancement at CT and MRI. Others have
proposed assessment of response to tyrosine kinase
inhibitors with semiautomated solutions that help
to measure the vascularized tumor burden (104).
These methods may help to decrease interob-
server variability in measurements and allow better
discrimination between responders and nonre-
sponders to tyrosine kinase inhibitors therapy.
Immune modulators have resulted in a further
challenge, because their mechanism of action,
through immune and T-cell activation, can result in

unusual patterns of response. Infiltration of tumor
deposits by immune cells can result in a transient
increase in lesion size (and visualization of new
lesions) compared with those at initial imaging, fol-
lowed by tumor regression, which is a phenomenon
known as pseudoprogression (Fig 9). This has led
to the creation of new immune-related response
criteria, such as iRECIST, to assess for response

in the setting of immune modulators (105). With
iRECIST, for example, the definitions of stable
disease, progressive disease, and complete response
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Figure 8. Decrease in enhancement and iodine concentration in a hepatic metastasis of RCC in a 58-year-old
woman after treatment with a tyrosine kinase inhibitor. (a) Baseline contrast-enhanced CT image of the upper
abdomen obtained during the early arterial phase shows an avidly enhancing lesion in the right hepatic lobe
(arrow), which is compatible with an RCC metastasis. (b) Contrast-enhanced CT image acquired after the initia-
tion of pazopanib shows a decrease in enhancement in the hepatic lesion without a substantial change in size
(arrow). (¢, d) lodine maps obtained before (c) and after (d) therapy show a corresponding decrease in iodine

concentration (arrow).

Examples of Tumor Response Criteria

Response

RECIST 1.1 iRECIST

Choi

MASS

Progressive
disease

Partial re-
sponse

Complete
response

Stable disease Does not fulfill cri-

Same as RECIST
1.1 but requires
that progression
be confirmed with
imaging assess-
ment within 4-8
weeks

>20% increase in
SLD of target
lesions compared
with nadir; sum
must show abso-
lute increase of at
least 5 mm; new
lesions

Same as RECIST

teria for progres- 1.1
sive disease or
partial response

>30% decrease in
SLD of target
lesions compared
with baseline

Same as RECIST
1.1

Same as RECIST
1.1

Disappearance of
all target lesions

>10% increase in SLD Unfavorable response: >20%

of target lesions; new
intratumoral nodule;
increase in size of
preexisting intratu-
moral nodule

Does not fulfill criteria
for progressive
disease or partial
response

>15% decrease in
tumor attenuation
or >10% decrease in
SLD of target lesion

Same as RECIST 1.1

increase in SLD in ab-
sence of central necrosis
or decreased attenuation;
new lesions; increase in
attenuation of previously
nonenhancing mass

Indeterminate response:
does not fulfill criteria for
unfavorable or favorable
response

Favorable response: central
necrosis or decreased at-
tenuation of one or more
solid lesions or decrease
in SLD by active surveil-
lance >20%

Sources.—References 94, 98, 100, and 103.
Note.—SLD = sum of the longest diameter.
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Figure 9. Pseudoprogression after initiation of nivolumab in a 69-year-old man with metastatic clear cell RCC. (a) Baseline axial
CT image of the chest shows several right pulmonary metastases (arrows), which had enlarged when compared with prior im-
ages (not shown). (b) Axial CT image from a follow-up examination 1 month after treatment with nivolumab shows continued
enlargement of the pulmonary metastases (arrows). Images of the abdomen at that time also showed new hepatic and pancre-
atic metastases (not shown). Given these findings and poor performance status, the patient decided to forego further treatment
and pursue hospice care. After 6 months, the patient returned to clinical care with substantially improved performance status.
(c) Axial CT image obtained at that time shows substantial improvement in pulmonary disease. Several of the pulmonary me-
tastases previously visualized in the right middle and lower lobes are no longer seen. The hepatic and pancreatic metastases had
decreased substantially in size (not shown). The rapid enlargement on the initial follow-up image in b is in keeping with pseudo-
progression, which is the result of a transient inflammatory infiltration to the tumor by immune cells and a part of the pathophysi-

ology of response for immune checkpoint inhibitors.

are identical to those of RECIST 1.1. However, if
progressive disease is identified at initial imaging af-
ter initiation of therapy, progressive disease must be
confirmed at follow-up imaging within 4-8 weeks
to ensure that pseudoprogression has not occurred.

Active Surveillance—The role of active surveillance
in patients with metastatic RCC is increasing. These
patients present with a prolonged, indolent course
of disease exhibiting acceptable progression-free
survival compared with patients undergoing sys-
temic therapy (106). A phase 2 trial (107) reported
shorter surveillance periods for patients with higher
numbers of International Metastatic Database
Consortium (IMDC) adverse risk factors and of
metastatic disease sites. The authors concluded

that a subset of patients with metastatic RCC can
undergo surveillance safely before starting systemic

~

therapy. Active surveillance may be particularly at-
tractive in patients with oligometastatic disease and
relatively indolent tumors, such as those that have
metastasized to the pancreas (108).

Imaging Findings of Other

Treatment-related Toxic Effects
In addition to assessing for changes at follow-up
imaging, the radiologist must be aware of the toxic
effects associated with therapies commonly used in
patients with metastatic RCC. Several of the more
common toxic effects encountered in patients with
RCC are described in the sections that follow.

Gastrointestinal Tract Toxic Effects
Gastrointestinal toxic effects may occur with
various agents, including mTOR, tyrosine kinase,
and immune checkpoint inhibitors. Inflammation
of the gastrointestinal tract (eg, enteritis, colitis)
is a known immune-related adverse event that

is associated with immune checkpoint inhibi-
tion therapy and is thought to be secondary to
inflammatory cell infiltration in the gastrointes-
tinal mucosa. Prior studies (109-111) reported
an incidence of 21% for this adverse event. At
endoscopy, immune-mediated enteritis can ap-
pear similar to inflammatory bowel disease, and
friability, ulcerations, and spontaneous bleeding
have been described. Depending on the severity,
corticosteroids may be administered. At imaging,
immune-mediated colitis more commonly appears
as diffuse colonic wall thickening with pericolonic
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Figure 10. Metastatic clear cell RCC with enteritis in a 55-year-old woman who underwent checkpoint
inhibition therapy. The patient developed abdominal pain and high-grade diarrhea after completion of a
second cycle of combination therapy with ipilimumab and nivolumab. Coronal reconstructions of a non-
enhanced CT examination reveal dilatation of proximal small bowel loops filled with oral contrast material
(), with fluid-filled nondistended loops of the distal small bowel (white arrow). Note the fluid-filled cecum
(yellow arrow in b) in the right lower quadrant. Small-bowel biopsy results confirmed findings consistent
with immunomodaulatory enteritis.

[ = |
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Figure 11. Pneumonitis associated with nivolumab therapy in a 61-year-old woman with metastatic clear cell RCC. The
patient presented in the emergency department with shortness of breath 1 month after the initiation of nivolumab therapy.
(a) Axial CT image of the chest shows patchy peribronchovascular consolidation, which is most pronounced in the right lower
and middle lobes (red arrows). The nivolumab therapy subsequently was stopped, and the patient was given corticosteroids.
Black arrow = right middle lobe metastasis. (b) Axial CT image of the chest obtained 1 month later shows near-complete
resolution of consolidation. Arrow = right middle lobe metastasis.

induced pneumatosis intestinalis. Patients may

be asymptomatic, and a report (115) described
conservative treatment of pneumatosis with or
without pneumoperitoneum, but life-threatening
cases of pneumatosis intestinalis also have been re-
ported (115,116). Nevertheless, to our knowledge,

fat stranding and mesenteric vessel engorgement,
although segmental patterns also have been de-
scribed (112). In addition, enteritis or colitis may
occur in isolation (Fig 10).

Numerous case reports (113-116) have docu-
mented pneumatosis intestinalis secondary to

tyrosine kinase inhibitors, but the exact incidence
is unknown (113). A few mechanisms of tyrosine
kinase inhibitor-induced pneumatosis intestina-
lis have been proposed, including compromised
bowel wall integrity and disruption, necrosis of
serosal tumor implants, and impaired healing
(114). In addition, pneumoperitoneum has been
reported to occur with tyrosine kinase inhibitor—

it is not possible to differentiate with imaging the
patients who may benefit from conservative treat-
ment from those whose case is life threatening.

Pulmonary Toxic Effects

Pneumonitis occurs in up to 30% of patients
who receive treatment with mTOR inhibitors
and has been associated with therapeutic benefit
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(117). Pneumonitis is also a known uncommon
but potentially fatal adverse event associated with
immune checkpoint inhibitors. One meta-analysis
(118) reported an overall incidence of 2.7% . The
time of onset after initiation of therapy is variable,
with a median time of nearly 3 months, although
it has been reported to occur between 2 and 24
months (119).

At imaging, the most frequently reported
pattern is cryptogenic organizing pneumonia,
including consolidation, traction bronchiectasis,
and ground-glass and reticular opacities (120)
(Fig 11). The second most common manifesta-
tion is nonspecific interstitial pneumonia, includ-
ing reticular and ground-glass opacities with
a lower lobe predominance. Hypersensitivity
pneumonitis and acute interstitial patterns have
also been described.

The management of pneumonitis depends
on the grade, which is affected by the presence
and severity of symptoms. For those with mild
to moderate symptoms, checkpoint inhibition
therapy is held and steroids are administered; for
those with severe symptoms including hypoxia and
respiratory compromise, patients most often are
admitted to the hospital, and intravenous steroid
therapy is administered with or without additional
immunosuppression.

Conclusion
Locally advanced and metastatic RCC present
a specific set of challenges to the radiologist that
may affect the detection of disease, assessment of
disease response, and recognition of toxicity-related
imaging findings. Nevertheless, it is vital for the
radiologist to be aware of these factors to provide
an accurate interpretation of imaging and to assist
in the treatment of patients with metastatic RCC.
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