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Abstract

Objective: To analyze the postoperative recurrence of renal cell carcinoma associated with
Xp|1.2 translocation/TFE3 gene fusion (Xpl 1.2 tRCC).

Methods: This retrospective study was approved by the institutional review board and performed
in accordance with the ethical standards established by the institution. Demographic, clinical,
pathological, and follow-up data were compiled for the study cohort.

Results: During a mean follow-up of 41.3 months (range, 3—104 months), 8 of 34 patients with
Xpl1.2 tRCC were confirmed to have recurrence. Three of these patients died with poor
outcomes due to a vena cava tumor embolus, and one died of distant metastasis 48 months after
the initial nephrectomy during which lymph node metastasis was found. Three patients survived
after cytoreduction surgery. One patient was diagnosed with lung metastasis || months
postoperatively.

Conclusions: The TNM classification provides significant prognostic information for Xpl1.2
tRCC. A relatively active surveillance algorithm is recommended, and cytoreduction surgery is an
effective approach for recurrent Xpl 1.2 tRCC. Larger studies are required to more extensively
investigate the recurrence of these potentially aggressive tumors.
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Introduction

Renal cell carcinoma (RCC) associated with
Xpll.2 translocation/TFE3 gene fusion
(Xpl1.2 tRCC) was recognized as a new
entity in the 2004 World Health
Organization  classification  of  renal
tumors.! The classification of RCC has
been updated along with improvements in
genetic profiling and technology. Xpll.2
tRCC and t(6;11) RCC were recently
included as microphthalmia transcription
factor-associated tRCC, a new subgroup of
RCC in the International Society of
Urological Pathology (ISUP) Vancouver
classification of renal neoplasia.” Xpl1.2
tRCC 1is characterized by various fusions
of the TFE3 gene and predominantly occurs
in children and young adults.? The incidence
of Xpl11.2 tRCC is considered to be rela-
tively low.*” Most reports of Xp11.2 tRCC
have been published by pathologists and
geneticists. Obtaining clinically relevant
data of recurrent Xpl1.2 tRCC useful for
daily urological practice is difficult and time-
consuming. We herein present several recur-
rent cases of adult Xpll.2 tRCC after
surgical therapy with a focus on data that
are important for practicing urologists.

Methods

This retrospective study was approved by
the institutional review board and per-
formed in accordance with the ethical stand-
ards established by the institution. Of 1239
patients with RCC treated from January
2007 to January 2016, 82 patients showed a
positive reaction to TFE3 immunohisto-
chemistry (TFE3-IHC), and 34 patients
were eventually pathologically confirmed
to have Xpll.2 tRCC by TFE3-IHC

staining and fluorescence in situ hybridiza-
tion (FISH) assay® (Figure 1). IHC staining
was performed on formalin-fixed, paraffin-
embedded tissue sections with a TFE3 anti-
body, and a positive result was defined as
2+4to 3+nuclear TFE3 immunoreactivity
in>10% of cells. Polyclonal break-apart
probes for TFE3 gene rearrangement in the
Xpl1.2 region were utilized on samples from
patients who had a positive TFE3-IHC
result on formalin-fixed, paraffin-embedded
tissue microarray slides.

All patients with Xpl11.2 tRCC under-
went surgical therapy and systemic adjuvant
therapy only in our institution, and none of
them received chemotherapy before. All
patients were followed up after discharge
with computed tomography (CT) or con-
trasted-enhanced ultrasonography every 3
months until the time of death or loss to
follow-up.9 At each follow-up, thoracic,
abdominal, and pelvic CT was required for
all patients with adequate renal function.
For patients with poor renal function,
abdominal and pelvic magnetic resonance
imaging and thoracic CT were routinely
performed. Recurrence was defined as the
occurrence of local or distant metastatic
disease after attempted curative surgery.

During a mean follow-up of 41.3 months,
8 of 34 patients (23.5%) were diagnosed
with recurrence. The demographic, clinical,
pathological, and follow-up data were ana-
lyzed for the study cohort. The TNM stage
was determined based on the 7th American
Joint Committee on Cancer (AJCC) staging
criteria, 2010.'"° The ISUP grading system
was used to determine the nuclear grade. In
this study, categorical data are presented as
proportions and continuous variables are
presented as mean (range). GraphPad Prism
software version 5.0 (GraphPad Software,
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Figure 1. Typical histopathology of Xpl1.2 tRCC, including abundant eosinophilic cytoplasm, distinct cell
borders, and papillary architecture. (a) x 100. (b) x 200. (c) Strong nuclear positivity for TFE3 (x 100).
(d) TFE3 break-apart FISH assay characterized by separate red and green signals (red and green arrowheads)

(x 1000).

La Jolla, CA) was used to generate the
survival curve.

Results

Of 1239 patients with RCC, 34 (2.74%) were
confirmed to have Xpl11.2 tRCC. The over-
all survival curve is shown in Figure 2 and
Figure 3. The estimated 5-year overall sur-
vival rate was 86.6%, and the progression-
free survival rate was 70.3%.

The clinical data of all 34 patients with
Xpl11.2 tRCC are shown in Table 1. Eight of
the 34 patients were confirmed to have
recurrence during follow-up. These patients
included six women and two men with a
mean age of 35 years (range, 2246 years).
None of the patients had a history of
malignant tumors or chemotherapy. The
tumors were located in the right (5/8,
62.5%) and left (3/8, 37.5%) kidneys. No

Overall Survival
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Figure 2. Overall survival of patients with Xp| 1.2
tRCC.

bilateral or multifocal disease was observed.
The mean diameter of the tumors was
84+3.1cm (range, 3.9-13.0cm). All
patients with recurrence received surgical
treatment, including radical nephrectomy
(5/8, 62.5%) and open radical nephrectomy
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Figure 3. Progression-free survival of patients
with Xpl1.2 tRCC.

with vena cava tumor embolus resection
(3/8, 37.5%).

The patients were diagnosed with ISUP
nuclear grade 1 (1/8, 12.5%), grade 2 (1/8,
12.5%), grade 3 (5/8, 62.5%), and grade 4
RCC (1/8, 12.5%). Among patients with
recurrence, the postoperative AJCC stages
were stage III (7/8, 87.5%) and II (1/8,
12.5%). Histopathological examination
showed T1 and T3 RCC in two and six
patients, respectively. The receptor tyrosine-
kinase inhibitor sunitinib or sorafenib was
applied as adjuvant molecular-targeted ther-
apy after surgery in all patients with recur-
rence. Sunitinib was administrated at 50 mg
every day on a 4/2 schedule (4 weeks of
treatment and 2 weeks of rest) with or
without food, and sorafenib was admini-
strated at 400 mg twice a day without food.

The mean time of recurrence was
15.3 months (range, 2—48 months), and the
mean overall survival of the patients with
recurrence was 32.4 months (range, 15-62
months). Three patients with a vena cava
tumor embolus found during the initial
nephrectomy were diagnosed with multi-
site distant metastasis, including the lungs,
bone, liver, and brain, with a mean time
of recurrence of 7 months (range, 2-12
months). Additionally, three patients under-
went second surgeries to excise recurrent
lesions at different metastatic sites, including
the abdominal wall, descending colon, and
abdominal cavity (Figure 4), with a mean

time of recurrence of 14 months (range,
12-16 months). All three of these patients
underwent a period of molecular-targeted
therapy suspension before and after the
surgery, and they were still alive at a mean
follow-up time of 24.7 months (range, 20-30
months). During the mean follow-up time of
32.4 months, three patients died with poor
outcomes due to a vena cava tumor embo-
lus, one died of distant metastasis 48 months
after surgery with lymph node metastasis
found during the initial nephrectomy, three
were alive after cytoreduction surgeries, and
one was alive after receiving molecular-
targeted therapy for a diagnosis of lung
metastasis 11 months after surgery.

Discussion

TFE3 has been widely used for the diagnosis
of Xpl1.2 tRCC in daily clinical practice;
however, the positive predictive value of
TFE3 immunostaining is low. In this study,
although 82 patients showed a positive
reaction to TFE3-IHC, only 34 patients
were eventually pathologically confirmed
to have Xp11.2 tRCC by FISH assay. This
suggests that TFE3-IHC can be performed
proactively as a screening test and that
FISH can be performed as a verification
test. The sensitivity and specificity can be
improved by combination of TFE3-IHC
and FISH.

Because of the relatively low prevalence
of Xpl1.2 tRCC, treatment guidelines for
this relatively newly classified tumor are not
available. Among relevant articles on tRCC,
reports of Xpll.2 tRCC recurrence are
uncommon except for a number of studies
reporting the poorer prognosis of Xpll.2
tRCC compared with non-Xpl1.2 tRCC.
Part of the reason for this lack of reports on
recurrence is that Xp11.2 tRCC is predom-
inantly diagnosed among children and is
rare in adults (very low incidence of 0.2%—
5.0%),""'* and the disease seems to be more
advanced and aggressive in adults than in
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Table 1. Clinical data of 34 patients with Xp 11.2 tRCC.

Recurrence
Age (years)/  Tumor Adjuvant time, Follow-up Disease

Case Sex/Laterality size (cm) Operation AC]) stage ISUP therapy  (months) (months)  status

| 36/F/IR 8.6 ORN +VCTER pT3cNIMO, Il 3 T™T 2 33 Dead

2 39/F/IR 13 ORN+VCTER pT3bNIMO, Il 3 T™T 12 25 Dead

3 46/FIR 5.8 ORN +VCTER pT3cNOMO, Il 3 T™T 7 15 Dead
4 22/F/IR 39 LRN pTlaNIMO, Il 4 T™MT 48 62 Dead

5 27/M/L 8.5 LRN pT3aNOMO, Il | T™MT 16 24 Alive

6 45/F/L 12 ORN pT3aNOMO, Il 3 T™MT 12 30 Alive

7 30/F/L 9.5 LRN pT3aNOMO, Il 3 T™MT 14 20 Alive

8 35/M/R 6 LRN pTIbNOMO, | 2 T™MT I 50 Alive

9 21/F/IR 4 LRN pTlaNOMO, I 2 None - 60 Alive
10 25/M/R 7.1 LRN pT2aNOMO, Il 3 IT - 18 Alive
I 26/M/L 37 ORN pTlaNOMO, | 2 IT - 74 Alive
12 26/F/IR 5 LRN pTIbNOMO, | 3 None - 96 Alive
13 7/M/L 3 ORN pTlaNOMO, I 2 None - 104 Alive
14 30/F/R 32 RA + LNSS pTlaNxMo, I 3 IT - 63 Alive
15 7/M/L 10 ORN pT4NIMO, IV 3 None - 65 Alive
16 25/F/L 38 LRN pTlaNOMO, I 3 IT - 58 Alive
17 24/F/IR 39 LRN pTlaNOMO, I 3 IT - 42 Alive
18 51/F/R 5 LNSS pTIbNxMO, | 2 IT - 53 Alive
19 27/FIR 6 LRN pTIbNOMO, | 3 IT - 53 Alive
20 26/M/L 37 LNSS pTlaNOMO, I 3 IT - 18 Alive
21 3/FIR 4 ORN pTlaNIMoO, Il 3 None - 71 Alive
22 I'1/FIR 5.6 ORN pTIbNOMO, | 3 None - 88 Alive
23 40/M/L 39 LRN pTlaNOMO, | 2 None - 37 Alive
24 I9/F/L 5 LRN pTIbNOMO, | 3 None - 24 Alive
25 38/M/R 3 LRN pTlaNOMO, I 3 IT - 28 Alive
26 29/M/L 35 LNSS pTlaNOMO, I | IT - 10 Alive
27 25/F/R 8.1 LRN pT2aNOMO, Il 2 None - 9l Alive
28 22/F/IR 5 LRN pTIbNOMO, | 3 IT - 38 Alive
29 45/M/R 5.5 LNSS pTIbNxMO, | 3 IT - 14 Alive
30 25/F/R 35 LRN pTlaNxMO, 1 3 IT - 13 Alive
31 39/F/IR 4.5 LNSS pTIbNxMO, | 3 IT - I Alive
32 64/M/L 3 LNSS pTlaNOMO, I 3 IT - 3 Alive
33 55/F/R 3 LNSS pTlaNOMO, I 3 IT - 8 Alive
34 42/M/L 35 LNSS pTlaNOMO, | 4 IT - 4 Alive

Abbreviations: M = male; F =female; R = right; L = left; AJCC = American Joint Committee on Cancer; VCTER: vena cava
tumor embolus resection; LRN =laparoscopic radical nephrectomy; ORN=open radical nephrectomy;
RA =radiofrequency ablation; LNSS = laparoscopic nephron-sparing surgery.

children.'>!” Thus, the details of recurrence In this study, eight patients developed
and treatment for recurrent Xpl1.2 tRCC  postoperative recurrence of Xpl1.2 tRCC,
remain largely unknown. The data pre-  including three patients with a vena cava

sented in this study are inadequate for a tumor embolus, one with node-positive
full understanding of recurrent Xpll.2 metastasis who also had a relatively long
tRCC. survival time, three who were still alive after
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(b)

Figure 4. A 45-year-old woman was diagnosed with recurrent Xp|l1.2 tRCC |12 months after open radical
nephrectomy (red and green crossed lines). (a) Transaxial view of a lesion in the left abdominal cavity
(maximum diameter = 5.0 cm, depicted by plain computed tomography). (b) Increased fluorodeoxyglucose
uptake in the lesion (maximum standardized uptake value = 3.3, depicted by a fusion positron emission

tomography/computed tomography image).

the second surgery during which the recur-
rent mass was excised, and one who was
receiving molecular-targeted therapy for a
diagnosis of lung metastasis. The postopera-
tive AJCC stage was stage III (identified as
locally advanced RCC) in seven patients.
This finding is consistent with those of
previous studies,'®! suggesting that the
TNM classification provides significant
prognostic information for RCC.

Patients 1 to 3 underwent open radical
nephrectomy and vena cava tumor embolus
resection for removal of a vena cava tumor
embolus. An RCC tumor thrombus in the
inferior vena cava is a significant adverse
prognostic factor,”’ indicting a poor out-
come and shorter overall survival. Although
the lymph node in Patient 4 was diagnosed
as positive on postoperative pathological
examination, this patient had a relatively
favorable outcome with a 62-month survival
time. Notably, the diameter of the tumor
was 3.9cm and had an integrated pseudo-
capsule, and a tumor-negative surgical
margin was achieved without extra-pseudo-
capsule extension. It has been found that
extra-pseudocapsule extension is associated
with clinical and pathologic tumor

dimensions in small RCCs (<4.0cm) based
on studies of four subcategories of RCC:
clear cell RCC, papillary RCC, chromo-
phobe RCC, and oncocytoma.?'*> Cheng
et al.*® also reported a relatively high integ-
rity rate of small Xpll.2 RCC. Aoyagi
et al.'” reported an adult patient with
node-positive Xpl11.2 tRCC who had not
developed recurrence 4.5 years after two
surgical resections for recurrent nodal dis-
ease. This patient underwent radical neph-
rectomy at the first treatment, and the
overall survival time is unknown. Small
Xpl11.2 tRCC may have a favorable survival
time with regular physical examinations and
timely treatment for recurrent masses.
Patients 5 to 7 underwent timely treatment
for their recurrent masses. Resection of
recurrent masses has been shown to extend
overall survival of patients with RCC.***3
Because of the limited follow-up duration,
the survival times of these three patients are
unknown, and we will continue to encourage
them to participate in regular examinations
to detect signs of recurrence.

Because of the lack of consistent guide-
lines regarding systemic adjuvant therapy
for Xpll.2 tRCC, systemic adjuvant
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therapies for RCC are included in this report
for reference. Systemic treatments mainly
include chemotherapy, immunotherapy,
and  targeted  molecular  therapy.”®
Chemotherapy plays a limited role in the
treatment of RCC because of its poor sen-
sitivity and significant toxicity.?” The ability
of renal cancer to evoke an immune
response to immunotherapy has been
explored,”® but several randomized trials
have failed to show any survival advan-
tages.”> ! The only exception is that low-
dose interleukin-2 plus interferon-o has
shown efficacy in treating patients with
low-grade tumors and an age of < 60 years
with only mild toxicity.? Targeted molecu-
lar therapy has shown advantages in treating
metastatic RCC with higher sensitivity, with
longer progression-free survival and overall
survival than achieved with immunother-
apy.>® Three classes of drugs with antiangio-
genic activity are available: circulating
vascular endothelial growth factor inhibi-
tors, multitargeted receptor tyrosine-kinase
inhibitors of vascular endothelial growth
factor receptor, and inhibitors of mamma-
lian target of rapamycin.”® In the current
study, Patients 1, 2, 3, 5, 6, and 7 were
diagnosed with an ACJJ stage of higher than
T3NOMO at the time of the first treatment,
and Patient 4 was found to have one positive
lymph node. Patient 8 was eventually found
to have lung metastasis 11 months after the
first surgery, although the initial diagnosis
was localized RCC. Although no standard
adjuvant therapy regimens have been estab-
lished for advanced RCC, targeted molecu-
lar therapy was used for these patients with
recurrence considering the potential aggres-
sive nature of this disease. Some reports>*>°
have suggested that targeted molecular ther-
apy achieves objective responses and pro-
longed progression-free survival compared
with immune therapy in the treatment of
locally advanced and metastatic Xpll.2
tRCC. Although Patients 15 and 21 also
had locally advanced RCC, the use of

targeted therapy in young patients is usually
limited because of its toxicity to growth and
the better prognosis of juvenile than adult
Xpl1.2 tRCC. With technological improve-
ments and further exploration, the signaling
pathways involved in Xpll.2 RCC have
become more completely understood.
Studies have suggested that phosphorylated
4EBPI may be a critical factor for improved
outcomes of Xpll.2 RCC by effectively
inhibiting upstream proliferative oncogenic
signals.*®

The aggressive and often insidious nature
of Xpll1.2 tRCC underscores the import-
ance of postsurgical surveillance. However,
no consensus has been reached regarding a
surveillance algorithm for postoperative
follow-up of Xpll.2 tRCC. Traditional
surveillance algorithms uniformly follow
patients without tailored time points, reflect-
ing the likelihood of recurrence.”” The
UCLA Integrated Staging System (UISS),
which incorporates the 1997 TNM classifi-
cation with the Eastern Cooperative
Oncology Group, combines the perform-
ance status and Fuhrman grade into a single
prognostic  algorithm and categorizes
patients into low-, intermediate-, and high-
risk groups.’® Klaassen et al.’ proposed
classifying Xp11.2 tRCC in adults as high-
risk based on its depiction in the UISS,
illustrating the potential aggressive and
unpredictable nature of the disease. This
system encourages history-taking and phys-
ical examination, laboratory tests, and chest
CT every 6 months for the first 3 years, then
yearly for 10 years of follow-up.
Additionally, an abdominal CT scan is
recommended every 6 months for the first
2 years, yearly thereafter for 2 to 5 years,
and every 2 years thereafter for 10 years of
follow-up. Because of the further aggressive
nature of Xpl1.2 tRCC with a vena cava
tumor embolus, relatively active surveillance
is recommended for early detection of recur-
rence or metastasis. Notably, an individual
surveillance algorithm must take patient
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comorbidities, patient compliance and
mindset, and willingness into account for
additional treatment.

This study has some limitations. First,
because of the low incidence of this rare
disease, we were able to include only a small
number of recurrent cases. Second, the
follow-up time was relatively short, and the
outcomes of Patients 5 to 8§ remain
unknown. Third, statistical analysis with
other subtypes of RCC was lacking because
of the small sample size. Further studies of
recurrent Xpll.2 tRCC are currently
ongoing within our center.

In conclusion, patients with Xpl1.2
tRCC with tumor thrombus have a poorer
prognosis than patients with node-positive
but small tumors. The TNM classification
provides significant prognostic information
for Xp11.2 tRCC. A relatively active sur-
veillance algorithm is recommended and
cytoreduction surgery is effective for the
treatment of recurrent Xp11.2 tRCC.
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