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Abstract

Background: Renal Cell Carcinoma (RCC) diagnosis
increased due to increased use of cross-sectional imaging
studies, metastases are common in RCC. 18F-FDG PET/CT
has alimited role in detection of primary RCC, but it is helpful
in restaging, detection of distant metastasis and can be used
in assessment of number and sites of RCC metastasis as
baseline for future re-treatments.

Nowadays therapy with drugs targeting vascular endothe-
lial growth factor receptor such as Tyrosine Kinase Inhibitors
(TKI) showed promising efficacy. Response to chemotherapy
has been monitored by Response Evaluation Criteriain Solid
Tumors (RECIST) based on size measurements.

Aimof Study: The aim of this study was to use FDG
uptake as indicator for assessment of biological response of
Renal Cell Carcinoma (RCC) metastatic deposits to Tyrosine
Kinase Inhibitors (TKI1).

Patients and Methods: 30 patients having pathologically
proven metastatic RCC in post total nephrectomy state under-
went PET/CT examination at private center in period between
March 2017 and April 2018 and following a preset protocol
as baseline study. They all received 4 cycles (six weeks cycles)
of TKI therapy then all had a second PET/CT examination
following same protocol after 6 months to assess therapeutic
response.

Results: Out of 30 cases 22 cases (73.3%) showed disease
regression, 6 cases (20%) showed stationary course and 2
cases (6.7%) showed disease progression.

Conclusion: 18F-FDG PET/CT is an effectiveindex in
monitoring efficacy of TKI treatment for RCC metastasis.

Key Words. Tyrosine kinase inhibitors — Metastatic renal cell
carcinoma — 18F-FDG PET/CT.

Correspondenceto: Dr. Tamer W. Kassem, The Department
of Radiology, Faculty of Medicine, Cairo University, Egypt

Introduction

RENAL Cell Carcinoma (RCC) diagnosisin-
creased due to increased use of cross-sectional
imaging studies [1].

Being resistant to radiotherapy and chemother-
apy, partial or radical nephrectomy is the best way
of treatment for the primary lesions [2].

Metastases are common in RCC. 30% of pa-
tients presented at diagnosis of primary lesions
with evidence of metastases and more than 30%
develop metastases after nephrectomy [1].

18F-FDG PET/CT has alimited role in detec-
tion of primary RCC [3], is helpful in restaging,
detection of distant metastasis [4] and can be used
in assessment of number and sites of RCC metas-
tasis as baseline for future re-treatments [1].

Treatment of metastatic RCC was restricted
to cytoreductive surgery, palliative radiation,
interferon and interleukin [5. Nowadays therapy
with drugs targeting vascular endothelial growth
factor receptor such as Tyrosine Kinase Inhibitors
(TKI1) showed promising efficacy. Sorafenib and
sunitinib prevent angiogenesis and tumor prolif-
eration [6].

Response to chemotherapy has been monitored
by Response Evaluation Criteriain Solid Tumors
(RECIST) based on size measurements. The objec-
tive of this study was to use FDG uptake as indi-
cator for assessment of biological response of RCC
metastatic depositsto TKI.
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Patients and Methods

The study was approved by the Local Ethical
Committee.

A prospective study of 30 patients (17 females
and 13 males) aged 31 to 68 years old (with mean
age of 44 years old) presenting to private center
in period between March 2017 and April 2018 with
pathologically proven metastatic RCC in post
nephrectomy state (partial or complete) was per-
formed. All of them had a second PET/CT exami-
nation following same protocol after 6 months
after finishing 4 cycles of TKI therapy (6 weeks
each) to assess its therapeutic response.

There were no set criteria for referral other than
histopathologic evidence of metastatic RCC after
biopsy or surgery. Patients had clinical evaluation
including medical history. Information regarding
biopsies, surgeries and intervention was obtained
from all cases.

All images were reconstructed using special
software and workstations.

Each patient performed two PET/CT scan ex-
aminations following same protocol with 6 months
interval. All patients were scanned using a dedi-
cated PET/CT system (Philips 16 Release 3.5.2,
Netherlands), covering axial FOV of 15.5cm and
a resolution of 2mm in axial and 3mm trans axial
directions.

All patients fasted for 8 hours before the exam-
ination and were hydrated orally. Before the study,
blood glucose levels were assessed and found to
be within normal in all cases. First non contrast
low dose CT images were obtained for fusion
images. A 320-460 MBq ('*F-FDG) were injected.
The patients rested for an uptake period (30 to 45
minutes) in relaxed position. Acquisition of PET

scans from the nose to the lower thighs was per-
formed after emptying the bladder.

Routine post intravenous non ionic contrast
axial CT scan at 3mm intervals was acquired for
the chest, abdomen and pelvis for all patients at
the end of the examination.

Data analysis and interpretation:

All images were reconstructed in 2D sagittal
and coronal multiplanar planes and read visually.
Reconstruction of raw data was done using special
workstations.

All PET/CT and CT imaging was interpreted
by one staff radiologist accompanied by one staff
nuclear medicine. All foci of non physiologic FDG
uptake were considered indicative of metastatic
disease and SUV max values were calculated au-
tomatically.

Results

Different therapeutic responses were recorded
as listed in Table (1). Out of 30 cases 22 cases
(73.3%) showed disease regression, 6 cases (20%)
showed stationary course and 2 cases (6.7%)
showed disease progression.

Sites of regression were noted at pulmonary
nodules and lymph nodes (Figs. 1,3) as well as
osseous deposits (Fig. 2). All pulmonary nodules
encountered in the study showed regressive course
suggesting high sensitivity to the drug.

Stationary course of metastatic deposits was
recorded in lymph nodes and osseous deposits.

Progression of the disease was noted in two
cases, one had bony deposits and the second had
nodal metastasis and developed new peritoneal
nodule proved to be metastatic by histopathology
(Fig. 4).

Table (1): Different therapeutic responses in all cases, n (%).

Regression Stati Progression or
tationary
or complete course newly
resolution developed sites
30 patients 22 (73.3%) 6 (20%) 2 (6.7%)
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Baseline study (post right nephrectomy)

Follow-up study (after 6 months)

Fig. (1): A 62-year-old male patient with pathologically proven metastatic RCC pulmonary and mediastinal nodal deposits.

Baseline study post right nephrectomy: (A) Axial CT (B) Axial MIP PET image and (C) Axial fused PET/CT image.

- Hypermetabolic para-tracheal lymph node (arrow in ¢) measuring about 4.5 X 3.5cm showing central photopenia of breaking
down with SUVmax 17.6.

- Right pulmonary hypermetabolic nodule at the apical segment of the right upper lobe (arrow head in ¢) measuring about
1.3cm in maximum transverse diameter with SUVmax 8.7.

* Follow-up study after 6 months: (D) Axial post contrast CT (E) Axial MIP PET image and (F) Axia fused PET/CT image.
- Complete metabolic and morphol ogic response of previously noted right upper lung lobe hypermetabolic pulmonary nodule.
- Partial metabolic and morphologic response of previously noted mediastinal nodal lesion currently measuring about 3.9 X
3.1cm with SUVmax 4.7. It demonstrates predominant photopenic center with only focal *®F-FDG activity seenin its right
posterior aspect.
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Baseline study (post right partial nephrectomy)

Follow-up study (after 6 months)

Fig. (2): A 60-year-old male patient with pathologically proven metastatic RCC bony deposits.

» Baseline study post right partial nephrectomy: (A) Axial post contrast CT (B) Axial MIP PET image and (C-F) Axial fused
PET/CT images.
- Multiple hypermetabolic osseous deposits involving most of the vertebrae, ribs, sternum and pelvic bones. The most active
lesion is seen at the vertebral end of Ieft 8 th rib with soft tissue component and SUVmax 8.9 (arrow in c).

* Follow-up study after 6 months: (G) Axial post contrast CT (H) Axial MIP PET image and (I-L) Axial fused PET/CT images.
- Metabolic and morphologic regression of osseous lesions. The most active lesion at the vertebral end of left 8 th rib with soft
tissue component and SUVmax 6.2 (arrow ini).
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Baseline study (post right nephrectomy)

Follow-up study (after 6 months)

Fig. (3): A 48-year-old male patient with pathologically proven metastatic RCC pulmonary deposits.

« Baseline study post right nephrectomy: (A) Axial post contrast CT (B) Axial fused PET/CT images (C) Axia MIP PET image
and (D) Coronal MIP PET image.
- Multiple bilateral upper lung lobes nodules. The most active at right lung located at the posterior segment of right upper
lobe (arrow in b) having SUVmax 7.9 and measuring about 2.5cm in diameter.

* Follow-up study after 6 months: (E) Axial post contrast CT (F) Axial fused PET/CT images (G) Axia MIP PET image and
(H) Corona MIP PET image.
- Metabolic and morphologic regression of the previously noted multiple bilateral upper lung lobes nodules. The currently
most active at right lung located at the posterior segment of right upper lobe having SUVmax 3.4 and measuring about 1.4cm
in diameter.
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Baseline study (post |eft nephrectomy)

Follow-up study (after 6 months)

Fig. (4): A 54-year-old male patient with pathologically proven metastatic RCC nodal deposits.

* Baseline study post left nephrectomy: (A-C,F) Axial fused PET/CT images (D) Axia post contrast CT (E) Axial MIP PET
image.

- Multiple FDG-avid infra diaphragmatic lymphadenopathy. Multiple partly amalgamated |eft gastric and mesenteric nodes
with SUVmax 4.9. Multiple left para-aortic and aorto-caval nodes, the latter with SUVmax 5.4.

* Follow-up study after 6 months: (G-1,L) Axia fused PET/CT images (J) Axia post contrast CT (K) Axial MIP PET image.

- Metabolic and morphologic progression of the previously noted hypermetabolic lymph nodes. The |eft gastric and mesenteric
nodes have current SUVmax 9.5 over |eft gastric. The aorto-caval nodes have current SUVmax 19.0.

- Newly developed increased FDG uptake by left iliac fossa soft tissue peritoneal nodule along serosa of bowel loops (arrow
in 1) measuring 1.4cm in diameter with SUVmax 3.3.



Tamer W. Kassem & Maged A. Hawana

Discussion

Nakhodaet al., [7] estimated the sensitivity of
FDG PET/CT for diagnosis of various renal masses
and Takahashi et al., [g] tried to compare the be-
havior of different histological subtypes of RCC.
FDG PET/CT isnot helpful in diagnosis and staging
of primary RCC [g].

Win and Aparici [9] recorded 100% sensitivity
and 100% specificity in recognition of all RCC
metastatic lesions. This was confirmed by more
recent study by Alongi et a., [10].

In this study RCC metastatic deposits response
to TKI was assessed after studying 30 patients. All
of received famous TKI named Sunitinib as Ver-
cellinoet al., [11], Revheim et a., [12] and Kayani
etal., [13] didintheir studiesincluding 12, 14 (1
excluded case because of rapid status deterioration)
and 44 (1 patient not performed because of negative
baseline scan) patients respectively. Lyrdal et al.,
[14] and Khandani €t al., [15] used Sorafenib stud-
ying 10 and 26 patients respectively.

Minamimoto et al., [16] studied 12 patients, 7
received Sorafenib and 5 received Sunitinib. Ueno
et a., [17] studied 30 patients, 14 received Sorafenib
and 16 received Sunitinib.

4 cycles of TKI therapy were administrated
before the second PET/CT examination in this
work. Thisis considered longer period than other
studiesin literature as longest reported was fol-
lowed by Kayani et al., [13] who waited for 3 cycles
before performance of second examination. The
longer period was suggested by the medical oncol-
ogist who followed all patients as most of previous
studies proposed to wait one cycle only. Prolonging
the period till 4 cycles was risky giving chance for
recurrences that could worsen the results.

According to the results, the disease regression
in current study was relatively high (22/30, 73.3%)
compared to other studies and represented the
majority of cases matching with results of Revheim
eta., [12] (6/13, 46.2%), Kayani et ., [13] (24/43,
55.8%) and Ueno et al., [17] (12/30, 40%). These
results opposed the results of Vercellino et al., [11]
(4/12, 3 3.3%) while the majority of casesin this
study showed stationary course of the disease (7/12,
58.3%).

Stable appearance of the metastatic disease was
recorded in many studies with different percentages.
Ueno et a., [17] recorded (10/30, 33.3%) and Revhe-
imet al., [12] recorded (3/13, 23%). These results
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were in concordance with those obtained in this
work (6/30, 20%).

Unfortunately disease progression was noted
in two cases of current work (2/30, 6.7%). This
was close to results obtained by Kayani et al., [13]
(5/43, 11.6%). These patients represented the least
percent in many studies despite high percentage
as recorded by Ueno et al., [17] (8/30, 26.7%). In
the contrary, Lyrdal et al., [14] recorded 8 out of
12 cases with disease progression representing
80% of patients.

Caldarella [18] and his colleagues presented
systematic review discussing seven published stud-
ies and found good correlation between metabolic
response and progression free survival and/or
overall survival. They aso stated that the greatest
post therapeutic reduction in SUVmax the higher
the survival rates. During assessment of response
of soft tissue and bony RCC metastasis after TKI
treatment, these studies revealed high predictive
value of FDG PET/CT.

Some studies compared the values of RECIST
and FDG PET/CT in predicting progression free
survival and overall survival of patients treated
with TKI for metastatic RCC. Lyrdal et a., [19]
stated that FDG PET/CT was superior to RECIST
particularly regarding skeletal lesions. Kakizoe et
al., [20] reported decrease of FDG accumulation 1
month after initiation of TKI treatment regardless
site of metastasis. They recommended FDG PET/
CT as valuable modality for follow-up to observe
responseto TKI.

Limited spatial resolution of PET/CT and faint
FDG uptake by some tumors are considered limi-
tations. The use of specific PET tracers, such as
C 11-methionine and C 11-choline could be suggest-
ed but their short half-lives prevent their routine
use.

The updated international guidelines do not
recommend the use of FDG PET/CT in detection
and staging primary RCC [21,22] , however, it can
effectively be used for post operative observation
and restaging [23] . In conclusion **F-FDG PET/CT
is an effective index in monitoring efficacy of TKI
treatment for RCC metastasis.
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