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Abstract

Background: Urothelial carcinoma of the bladder is common can-
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cer. Despite advances in treatments and the introduction of immune
checkpoint inhibitors in recent years, metastatic disease carries a poor
prognosis. Fibroblast growth factor receptors (FGFR) family altera-
tions are frequently implicated in the development of papillary uro-
thelial carcinomas. FDA-approved FGFR inhibitors demonstrate good
response in patients with locally advanced and metastatic urothelial
carcinomas that harbor FGFR mutations.

Case presentation: We present a case series of four patients with
FGFR alterations and oligometastatic disease, all of whom developed
metastasis in the setting of non-muscle invasive primary bladder tu-
mors. The patients demonstrated impressive responses to local and

Background

Bladder cancer is the 6th most common cancer in the United
States. Despite advances in treatment options, metastatic dis-
ease carries a poor prognosis with an estimated 5-year survival
of 5% [1,2]. Ninety percent of bladder cancers are of urothe-
lial type (UC) [3]. Around 70% of diagnosed bladder cancers
are non-muscle-invasive bladder cancers (NMIBC), while the
remaining are muscle-invasive bladder cancers (MIBC). NMIBC
has a sixty percent recurrence rate, with 10% percent of cases
progressing to muscle-invasive tumors [4]. Cytotoxic chemo-
therapy has been the standard of care for the treatment of met-
astatic disease, despite good objective responses (ORR), these
responses are not durable, not to forget the significant toxici-
ties associated with chemotherapy [5]. In the recent decade im-
mune checkpoint inhibitors have been introduced. Though well
tolerated, ORR is low (20%), and median overall survival is less
than a year [6]. This necessitates exploring different approaches
such as targeting specific mutations that are implicated in the
development of disease. UC is characterized by a wide range of
genomic and molecular alterations [7-9]. Fibroblast growth fac-

systemic therapies during their course achieved prolonged survival.

tor receptors (FGFR) are a family of receptor tyrosine expressed
on the cell membrane; they play key roles in cellular pathways
such as stimulating cell growth, differentiation, survival, angio-
genesis, and organogenesis. FGFR mutations are associated
with the development of several human cancers such as leuke-
mia, breast cancer, and bladder cancer [11]. FGFR 1-4 mutations
are quite common in bladder cancer with FGFR3 mutations be-
ing the most frequent [12]. Billery et al. identified FGFR3 altera-
tions in 48 out of 132 sampled bladder tumors, interestingly
mutations were more frequent in low-grade tumors compared
to high-grade ones: 27 out of 32 (84%) Grade 1 tumors, 16 of 29
(55%) G2, and 5 of 71 (7%) G3 tumors [13].

Recently, there has been significant interest in precision
therapies due to increased knowledge of the role of genomic al-
terations in the pathogenesis of bladder cancer. In the BLC2001
trial, Erdafitinib, a pan-FGFR inhibitor, induced a 42% overall
response rate in patients with metastatic or surgically unresect-
able UC with a verified mutation in FGFR3 or fusion in FGFR2
or FGFR311. Interestingly, more than two-thirds of patients
who previously had been treated with ICls in that clinical trial
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(Immune Checkpoint Inhibitors) had an objective response to
erdafitinib [14]. While data regarding therapeutic responses
to FGFR therapies is available, data on the initial presentation
for UC with FGFR alterations are not well established, and the
response rates to other classes of therapies are not yet well
characterized. Given the increasing numbers of FDA-approved
therapies for advanced UC, understanding the responses to var-
ious classes of therapies is of high interest. We present 4 cases
of patients with oligometastatic disease and FGFR alterations in
the setting of new or previously diagnosed non-muscle-invasive
bladder cancer; here we review their course as well as their ge-
nomic alterations.

Case presentations
Case 1l

A 62-year-old male patient with a 35-pack year smoking his-
tory presented to the urology clinic for evaluation of gross he-
maturia. On the first cystoscopy, multiple papillary tumors were
found, transurethral resection of the bladder tumor (TURBT)
was done, and biopsy demonstrated high-grade papillary uro-
thelial carcinoma, suspicious for invasion into the lamina pro-
pria, muscularis propria (MP) was present and not involved
by the tumor. Repeat cystoscopy and TURBT one month later
demonstrated the same previous pathological findings, MP was
also present. The patient was then referred to a urology clinic
at a tertiary cancer center. A third TURBT, two months after the
second one, showed again NMIBC, MP was present. Computed
tomography (CT) of chest, abdomen, and pelvis with urogram
was obtained to rule out metastatic disease, which only remark-
able for multiple filling defects in the bladder consistent with
tumor infiltration. The patient then underwent BCG induction
followed by a maintenance course. A repeat TURBT after BCG
treatment demonstrated again recurrent NMIBC (Figure 1), and
no lymphovascular invasion was identified in the specimens. At
that time, he underwent CT of the chest, abdomen, and pelvis
for evaluation of his recurrent disease which showed thickening
of the bladder wall and a isolated irregular lobular lesion within
the left lower lobe of the lung measuring 2.5 cm in diameter.
A biopsy of the nodule showed metastatic carcinoma, Immu-
nohistochemical stains were positive for GATA3 and negative
for TTF1, findings consistent with urothelial origin. The patient
was referred to medical oncology for treatment and received 4
cycles of Carboplatin and Gemcitabine systemic chemotherapy
(Cisplatin was not used due to impaired kidney function). The
patient was hesitant to receive avelumab maintenance. A fol-
low-up CT scan post-chemotherapy showed disease response
with a slight shrinkage of the known lung nodule (2.5 cm to 2.1
cm in diameter) and no new metastatic lesions were identi-
fied. A follow-up CT scan 1 month later showed enlargement
of the known metastatic lung lesion to 4 cm with no additional
metastatic lesions identified. He received 4 doses of Pembroli-
zumab, but a follow-up CT scan showed substantial growth of
the metastatic lesion, therefore the treatment was discontin-
ued. A genomic sequencing profile was obtained which showed
a mutation in FGFR3 in the tumor sample (Table 1). Given the
presence of the FGFR3 mutation, the decision was to start the
patient on Erdafitinib, and he also underwent irradiation to the
pulmonary nodule. His treatment course was remarkable for a
brief interruption of erdafitinib for dry eyes and skin peeling.
Surveillance images while on treatment showed a continued re-

duction of the known pulmonary lesion to 1.5 cm, which means
shrinkage of 63% of tumor mass (Figure 5). After one year of
erdafitinib, the treatment was stopped due to grade Il toxici-
ties including skin rashes, oral sores, and profound fatigue. A
CT scan was done one month after discontinuation and showed
an increase in the size of the known lung nodule in addition to
a new smaller nodule. The patient then received 5 cycles of car-
boplatin and gemcitabine, however, had to discontinue therapy
due to cytopenia and recurrent urinary tract infections (UTI).
Repeat imaging after 1.5 months showed an increased size of
the known pulmonary nodules and no other metastasis. Enfor-
tumab vedotin was recommended, however, the patient unfor-
tunately had hospitalization 3 months after discontinuing Car-
boplatin and Gemcitabine due to pain and failure to thrive. He
was then diagnosed with significant disease progression includ-
ing multifocal brain metastases, and he transitioned to hospice.

Case 2

A 58-year-old male patient with a previous 20-pack-year
smoking history presented with pelvic pain, difficulty urinating,
and intermittent gross hematuria. He underwent CT scan with
contrast of the abdomen and pelvis, which showed enhancing
4.6 cm lobulated mass involving the urinary bladder. In addition,
a 3.2 cm lytic lesion was identified involving the left pubic bone.
The patient underwent a cystoscopy and TURBT. Pathology
showed invasive high-grade papillary urothelial carcinoma into
the lamina propria (Figure 2). Muscularis propria was present
and uninvolved. A biopsy from the pelvic lesion was performed,
which showed metastatic urothelial carcinoma. CT scan of the
chest was negative for metastatic disease. Genomic sequencing
of the tumor sample came back positive for FGFR3 and TACC
gene fusions (Table 1). The patient underwent 4 cycles of cispla-
tin and gemcitabine. A follow-up CT scan after chemotherapy
showed stable disease. Repeat cystoscopy and TURBT showed
invasive high-grade urothelial carcinoma into the lamina pro-
pria, again with no muscularis propria invasion. 5 months after
completing chemotherapy, CT scans again confirmed no distant
metastatic disease, and the patient underwent radical cystec-
tomy. Pathology showed focal residual noninvasive high-grade
papillary urothelial carcinoma pTaNO. Ablative local radiation to
the pelvic bone lesion was performed with dose of 40 Gy over
5 fractions and later the patient started Avelumab maintenance
therapy. As of 10 months post radical cystectomy there has
been no progression on surveillance imaging.

Case 3

A 71-year-old male patient, a previous smoker, presented for
evaluation of gross hematuria. He underwent cystoscopy, which
identified a 2 cm posterior bladder wall tumor. Histologic ex-
amination showed a low-grade noninvasive papillary urothelial
carcinoma with focal high-grade areas. The patient underwent
6 cycles of intravesical mitomycin bladder instillation. Repeat
cystoscopy and TURBT showed a recurrent 2 cm noninvasive
low-grade papillary urothelial carcinoma, no muscle invasion
was present. 2 years later the patient presented to urology clin-
ic with complaints of nocturia, urinary urgency, and frequency.
Repeat cystoscopy showed a lesion in the prostatic urethra,
which was biopsied and pathological exam demonstrated non-
invasive low-grade papillary urothelial carcinoma, MP present
(Figure 3). Repeat cystoscopy two months later was normal. At
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CTabIe 1: Characteristics of FGFR mutations, other somatic mutations, immune markers.

Mutated gene @ Protein change Mutation type VAF Other significant mutations T™P (mMB') and MSI
percentile
CaselnO FGFR3 S249C Missense Variant-GOF 74.5% | KDMGA, PIK3CA, CDKN2A, MTAP 5.8 (76) Stable
FGR3 -TACC3 genes Chro- TERT, ELF3 CDKN2A CDKN28,
Case 200 FGFR3 N/A mosomal rearrangement ) FAT1, RUNX1 7.9(82) Stable
. . RBM10, ARID1A, TERT CDKN2A
- () 7 'y y
Case 3t FGFR3 S249C Missense Variant -GOF 49.5% CDKN2B, MTAP, PAK1, RSF1 5.3 (67) Stable
Case 4A FGFR2 N/A FGFR2-BICCL genes chro- BAP1, TP53 N/A Not
mosomal rearrangement assessed

*VAF: Variant allele fraction. TMP: Tumor mutational burden MSI: Microsatellite instability. GOF: Gain of function
0: Genomic testing was performed on bladder specimen

1: Genomic testing was performed on metastatic tissue specimen

A: Genomic testing was performed on Blood sample only

~
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Figure 1: Low power magnification of noninvasive, high-grade pap-

\\Figure 4: Biopsy of metastatic carcinoma from patient 4
\\illary urothelial carcinoma from Patient 1. j

J
\ Figure 5: Patient 1, (A): CT scan of the chest showing metastatic
left lower lobe lesion at the time of detection, (B): the lesion after
progression while on pembrolizumab, (C): lesion shrinkage after
\\Erdaﬁtinib. j
the same time, the patient underwent a CT scan of the chest
which showed a 4.2 cm lobulated mass and a 1.7 cm (about
0.67 in) spiculated lesion in the left lobe of the lung (Figure 6).
Biopsies from the lesions showed two distinct malignancies;
Immunohistochemical stains identified the left upper lobe le-
sion as a primary non-small cell adenocarcinoma while the left
lower lobe lesion was metastatic urothelial carcinoma (positive
for GATA3 and p40 and negative for TTF-1). Wedge resection
was done for both lesions. Genomic sequencing of the meta-
static urothelial tumor showed an FGFR3 mutation (Table 1).
After a discussion of various options, including the potential for
adjuvant platinum-based chemotherapy, the patient opted for
surveillance. Surveillance imaging at four months demonstrat-
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Figure 3: Low power magnification of noninvasive, low-grade pap-
illary urothelial carcinoma from Patient 3. j
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Figure 6: Coronal view of chest CT scan for patient 2 showing meta-
static left lower lesion that was later biopsied and found to be
\\metastatic urothelial carcinoma Y,

-

Figure 7: CT abdomen and pelvis with contrast for case 3 showing-
right-sided pelvic wall mass /

N

ed several liver nodules, mediastinal lymphadenopathy, and os-
seous metastases in the lumbar spine. Biopsy of a liver lesion
showed metastatic carcinoma, consistent with urothelial pri-
mary. The patient received 3 cycles of cisplatin and gemcitabine
(discontinued due to poor tolerance), as well as radiation to the
spinal lesion for symptom relief. Follow-up imaging after treat-
ment showed good disease response with mild shrinkage of all
lesions and the patient decided to stop treatment after 6 doses
of maintenance Avelumab. A recent cystoscopy was performed
and showed no evidence of disease recurrence in the bladder.

Case 4

A 62-year-old former smoker female patient underwent

radical cystectomy with ileal conduit urinary diversion for BCG-
refractory high-grade pTaNO papillary urothelial carcinoma with
negative margins. 6 years later she presented with progressive
pelvic pain and underwent CT imaging which identified a 2.4 cm
right-sided pelvic mass, concerning for oligometastatic disease
(Figure 7). Biopsy of the mass showed carcinoma with squa-
mous differentiation, with immunohistochemical stains nega-
tive for p16 therefore suggestive of urothelial origin (Figure 4).
The patient then received 3 cycles of Carboplatin and Docetax-
el. Follow-up imaging showed no change in the size of the tu-
mor, however, the patient had significant relief of pain. Shortly
thereafter, the patient underwent local palliative radiation to
the pelvic lesion (600 Gy in 15 fractions), followed by surveil-
lance. Follow-up imaging at 18 months showed an increase in
the size of the pelvic mass with involvement of the piriformis
muscle and no other sites of metastatic disease. Erdafitinib was
selected for treatment due to the presence of an FGFR2 muta-
tion that was detected on genomic sequencing testing of tu-
mor tissue biopsied from the metastatic site. Two months into
erdafitinib the patient underwent imaging for abdominal pain
which demonstrated a slight reduction in the pelvic wall mass
and no other areas of metastasis. At the time of chart review, 3
months on erdafitnib, the patient has been tolerating the treat-
ment well.

Discussion

To our knowledge, our series is the first outlining clinical
courses for FGFR alterations in oligometastatic UC, and there
are a number of interesting patterns worth highlighting. All of
the patients presented here had no muscle invasion in their
bladder specimens examined; two were radical cystectomy
specimens and the other two were TURBT samples. Another
interesting feature is that patients have good outcomes and
prolonged survival, including progression only in the original
known metastatic sites.

It is worth exploring whether there is a pattern for FGFR
mutated tumors to exhibit growth patterns within the bladder
(perhaps within diverticula) which may not easily be detected
on typical TURBT and therefore missing the diagnosis of muscle
invasion [15]. Metastatic non-muscle invasive bladder cancer
is rare, with one study reporting a prevalence of 0.9% among
1000 tumor samples [16]. In another study, 10% of patients
with NMIBC who underwent radical cystectomy were found to

-
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Timeline of Events

Carbo/Gem

Patient 1 Carbo/Gem - m. . Erdafitinib

Erdafitinib

0 s 10 15 20

Time since d of

ic disease (months)

B Chemotherapy ONo active treatment/Surveillance B Radiation to metastatic lesions

WImmunotherapy W FGFR inhibitor B Disease progression event

W Cystectomy or metastectomy

N

Figure 8: Timeline of treatments since diagnosis of metastatic disease . Please note that bars here rep-
resent the period until writing this report; the treatments/Surveillance are still active.
*Carbo/Gem: carboplatin and gemcitabine. *Carbo/Taxol: carboplatin and Docetaxel

/
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have regional lymph node metastasis (9% for T1, 12% for Tis,
4.5% for Ta) [17].

In 2019 Erdafitinib was approved for locally advanced and
metastatic urothelial carcinoma, with susceptible FGFR3 or
FGFR2 genetic alterations that have progressed during or fol-
lowing platinum-based chemotherapy, including within 12
months of neoadjuvant or adjuvant platinum-containing che-
motherapy [18]. In the phase Ill clinical trial conducted by Loroit
et al. erdafitinib achieved a 40% objective response rate (ORR)
with a 3% complete response; however, among the patients
who had priorimmunotherapy, the (ORR) was 59%. The median
duration of progression-free survival was 5.5 months, and the
median overall survival was 13.8 months [14]. There are many
ongoing trials evaluating the efficacy and safety of other FGFR
inhibitors in different clinical such as Infigratinib, Pemigartinib,
and Rogaratinib [19-21]. Genomic testing on tumor tissue is now
readily available and can help identify precision therapies that
may provide disease control and improved survival for patients
across many cancer types including bladder cancer [22,23]. Nu-
merous publications have demonstrated the underutilization of
genomic testing in UC24-26 despite several studies noting that
FGFR3 mutations have an estimated prevalence of 40% of UC
cases [27]. These 4 cases provide compelling evidence, as do
the trials leading to approval of erdaftinib, that precision treat-
ments for UC can be extremely effective in a large proportion
of patients.

As previously mentioned, all patients in this cohort had rela-
tively slow progression and relatively good survival compared
to reported outcomes for metastatic disease in clinical trials.
Previous reports indicated that FGFR3-mutated UC tend to have
better prognosis and are less likely to have muscle invasion, but
it is unclear whether this is the case for advanced disease [29,5].
All patients are all alive after a median of 15 months since diag-
nosis of metastasis compared to median OS in published thera-
peutic were ranging from 7.3 to 13.8 months [6,14,28].

There is no clear trend we can appreciate in this cohort
about the response to 10 therapy given only one patient re-
ceived it. Literature does not provide enough data regarding ICI
response in patients with FGFR3 mutated tumors [5]. As only
1 patient in this cohort received |0 therapy, we cannot specu-
late on any trend. Preclinical studies demonstrated that FGFR
activity correlated negatively with lymphocyte infiltration and
also with response to PDL-1 inhibitors [30,31]. In regard to FGFR
inhibition following ICI, the erdafitinib pivotal trial showed that
patients who received prior IClI had more objective response
(59% vs 40%) [11]. A possible explanation for this finding is the
ICI could alter the tumor microenvironment and therefore “sen-
sitize” it for FGFR inhibition, another explanation is tumors ex-
posed to immunotherapies develop enhanced FGFR expression
as a mechanism for resistance to immunotherapy [5].

The patients here parallel the data from the clinical trials
performed with erdafitinib. The trial breakdown shows im-
proved PFS in patients with smaller disease volumes, compared
to those with larger disease volumes. In one patient who re-
ceived Erdafitinib, the PFS was 12 months and ongoing in a sec-
ond, significantly higher than the median PSF of 5.5 in similar
patients in the previously mentioned trial [11].

Though this cohort is small, it opens a lot of questions regard-
ing the optimal management of patients with oligometastatic
disease, whether it is better treated with systemic therapy or lo-
cal therapy (radiation and surgery) or combination treatment. It

also emphasizes utilization of genetic testing that can tailor best
precision treatment and predict prognosis. It will open ideas to
better understand the biology of FGFR- mutated tumors and
understand the pathophysiology that may make these tumors
slow growing and less aggressive. More studies are needed to
investigate the role of immunotherapies in tumors expressing
FGFR mutation and investigate the sequence of treatment with
ICI and FGFR inhibitors. A more extensive study on similar will
support our hypotheses and can help establish a guideline for
treating similar patients in the future.
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