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Purpose: Spinal metastasis from urothelial carcinoma (UC) is relatively uncommon. The
aim of the present study is to explore the clinicopathological features, surgical treatments and
outcomes of this rare disease.

Patients and Methods: Fifteen patients with UC spinal metastasis who received surgery in
our center between 2009 and 2018 were retrospectively investigated. Clinical data, treatment
options, and outcomes were analyzed.

Results: For the 15 patients (9 men and 6 women), the primary tumors were located in the
upper urothelial tract in ten and lower urothelial tract in five. UC mainly metastasized to the
lumbar spine in seven cases, followed by the thoracic spine in five. Pathologic fracture and
soft tissue mass with dura mater compression were observed in 66.7% and 93.3% cases,
respectively. Palliative resection was performed in nine cases and excisional resection in six.
Eleven patients received postoperative chemotherapy, including three with a preoperative
ECOG score >2. Bisphosphonates were administered in all patients. Pain was relieved
remarkably in all patients, and both the neurological function and general status were
improved significantly after surgery. The median overall survival was 14 months. Log rank
test showed that patients receiving postoperative chemotherapy survived longer than those
without chemotherapy (p=0.037). WHO grade 3 was also correlated with poorer prognosis
(»=0.012).

Conclusion: Pathological fracture and soft tissue mass with dura mater compression is
frequently observed on radiological images in patients with UC spinal metastasis. Surgery is
useful to prevent deterioration of performance status and improve quality of life, which
provide an opportunity for further systematic therapy. Multimodal treatments, including
surgery, postoperative chemotherapy and bisphosphonates are recommended. WHO grade
2 and receiving postoperative chemotherapy were favorable prognostic factors for the overall
survival of patients with UC spinal metastasis.

Keywords: urothelial carcinoma, upper tract urothelial carcinoma, spine metastasis,
bisphosphonates, prognosis, WHO grade

Introduction

Urothelial carcinoma (UC) is a malignant tumor originating from the urothelium
throughout the urinary tract. UC is generally divided into upper tract (including
renal pelvis and ureter) urothelial carcinoma (UTUC) and lower tract (including
bladder and urethra) urothelial carcinoma (LTUC). Urothelial bladder cancer is the
most common form of UC, while UTUC is relatively rare, accounting for approxi-
mately 5%.' According to the World Health Organization (WHO), UC can be
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classified into low-grade (grade 1) and high-grade (grade 2
and 3) lesions, depending on their oncologic behaviors.?

The reported metastasis rate for UC is about 10.1%,
which is considered as a devastating, almost uniformly
fatal disease.® The predominant metastatic site is lymph
node, followed by the liver, lung, bone, and peritoneum.>°
Spinal metastasis from the genitourinary system is rela-
tively uncommon, accounting for about 58.3% of all UC
bone metastasis.” The importance of a multidisciplinary
approach involving a team of specialists in the areas of
orthopedics, oncology and radiotherapy has been empha-
sized for patients with bone metastases.® Patients with UC
spinal metastasis deserve special attention because of the
high rate of skeletal-related events causing severe spinal
cord compression, intractable pain, spinal instability, and
poor quality of life,” which in return, restrict the applica-
tion of chemotherapy and radiotherapy.” Previous studies
anecdotally reported the beneficial role of metastasectomy
in selected patients with metastatic UC.'%!" Larkin et al
reported laminectomy and debulking resection for thoracic
metastasis from the ureter.'> However, the clinical fea-
tures, treatments and outcomes of UC spinal metastasis
remain unclear.

In this study, we reported 15 consecutive patients with
UC spinal metastasis who received surgical treatment in
our center, in an attempt to elucidate the clinical features,
treatment options and prognostic factors of this rare
disease.

Patients and Methods

Fifteen consecutive patients with UC spinal metastasis
who received surgical treatment in our center between
Aug 2009 and Dec 2018 were retrospectively investigated.
The pathological diagnosis and WHO grade were con-
firmed by two pathologists independently according to
the WHO (2004) classification.” Relevant clinical data
were obtained through a review of the medical records,
including age, gender, tumor location, treatment history,
interval from initial to confirmed diagnosis of spinal
metastasis, details of surgery, adjuvant therapy, and out-
comes. This study was approved by the Shanghai
Changzheng hospital ethics committee, and informed con-
sent was obtained from each patient or family members of
those who had passed away.

All patients were evaluated by X-ray, CT, and MRI of
the spine. PET-CT and chest/abdominal CT scans were
performed to evaluate systemic metastasis. The surgical
indications included a life expectancy of at least 3 months,

neurological deficits, refractory pain, radiographic instabil-
ity, and tumor progression despite chemotherapy and
radiation. The neurological status, performance status and
degree of pain of the patients were evaluated by Frankel
score,'® the Eastern Cooperative Oncology Group perfor-
mance score (ECOG-PS)'* and visual analog scale (VAS)
scores respectively. Surgery was performed in all patients
using palliative or excisional surgery according to

Weinstein—Boriani-Biagini ~ system'>  and  revised
Tokuhashi score'® by the same surgery team. Patients
with a spinal instability neoplastic score >7 were consid-
ered unstable and thus underwent spinal stabilization.'”
The patients were followed up on the outpatient basis
or via telephone interviews every month for the first 3
months, and every 3 months for the next year. The length
of the follow-up period was defined as the date of surgery
to the date of disease-related death or November 2019.
The equality of variances for the two data groups was
determined with the Levene’s test and continuous vari-
ables were compared by Student’s ¢-test. The overall sur-
vival (OS) rates were estimated by the Kaplan—Meier
method, and the Log rank test was applied to compare
the difference. All statistical analyses were performed
using IBM SPSS statistics (version 21.0, IBM Corp.),

with p < 0.05 considered statistically significant.

Results

Patient Features

Included in this study were nine men and six women,
with a median age of 66.5 (range 59-80) years (Table 1).
The lesions were mainly located in the lumbar spine (7,
46.7%), followed by the thoracic spine (5, 33.3%), cervi-
cal spine (2, 13.3%) and sacrum (1, 6.7%). Eleven
patients (73.3%) suffered from multiple-level spinal
metastases and four patients had a single-level spinal
lesion. Only bone metastases were observed in five
patients, spine metastasis alone was found in three
patients, ilium or rib was also involved in the other two
patients. Multiple extra-bone metastases were detected in
10 patients, including visceral metastasis (lung in two
and liver in two, and one patient metastasized to both)
in five patients, lymph nodes in eight patients, and the
psoas major muscles in two patients. Localized pain was
the most consistent complaint in 14 patients, with a
of 9 1-24)
Neurological symptoms, varying from simple and slight

median  duration (range months.

radicular pain to paraparesis, occurred in 10 patients.
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Treatment of the Primary Lesions

Primary UTUC occurred in 10 cases involving the renal
pelvis in three and the ureter in seven; primary LTUC in
five cases, involving the bladder in four and the proximal
urethra in one. A total of eleven patients underwent pri-
mary lesions radical surgery (radical cystectomy or
nephroureterectomy) and subsequently developed metasta-
sis, and the remaining four patients had distant metastasis
on initial diagnosis. Among primary tumor resection
patients, nine patients showed no local progression during
the follow-up period, one patient (case 2) experienced
local relapse and received secondary surgery, another
patient (case 7) was found to have recurrence in the
urinary tract and underwent surgical treatment. Six
patients were classified as WHO grade 2 and the other
nine patients as grade 3. The median interval between
initial diagnosis of UC and spinal metastasis was 10
(mean 21, range 0-80) months, 7.5 (mean 12.5, range
0-47) months for UTUC and 36 (mean 38.0, range 0-80)
months for LTUC, (p=0.044); 40 (mean 41.3, range 5-80)
months for WHO grade 2 and 5 (mean 7.4, range 0-30)
months for WHO grade 3, (p=0.002) (Table 2 and
Figure 1).

Table 2 Treatment Information of Primary Urothelial Carcinoma

Radiologic Study

Representative images are provided in Figure 2.
Pathologic fracture was observed in 10 patients (66.7%)
on x-ray and CT. Bone metastasis was predominantly
osteolytic in 12 cases (80%), followed by the mixed type
in three cases (20%). On MRI, lesions usually show
hypointense on TIW images, predominantly hypointense
on T2W (8/15, 53.3%) followed by iso/hypointense (5/15,
33.3%) and hyperintense (2/15, 13.3%). Tumors showed
strong inhomogeneous enhancement after gadolinium
administration. Soft tissue mass was frequently observed
in 14 patients (93.3%), with severe narrowing of the spinal
canal and compression of the dura mater. Furthermore, soft
tissue mass was observed in psoas major muscles in two
patients (case 5, 14). The WBB staging, revised Tokuhashi

scores and SINS scores are provided in Table 1.

Treatment and Outcomes

Surgery was performed in all cases including palliative
resection in nine and excisional resection in six patients.
The surgical time averaged 225 (range 100-320) minutes
with a mean blood loss of 1113.3 (range 200-2000) mL.
After surgery, nine (46.7%) patients received cisplatin-

No. | Primary Tumor Metastasis Interval Extra-Bone WHO Primary Tumor Local Outcomes
Location (months) Metastasis Site Grade Treatments

| Renal pelvis 10 Liver, Lymph nodes 3 Nephroureterectomy+CT None

+RT
2 Bladder 44 Lymph nodes 2 Cystectomy+CT Local relapse
3 Ureter 5 No Nephroureterectomy+CT None
4 Renal pelvis Liver, Lung, Lymph 3 None None

nodes
5 Ureter 12 Liver, Psoas major 3 Nephroureterectomy None
Ureter 10 No 3 Nephroureterectomy+CT None

+RT

7 Renal pelvis 47 Lymph nodes 2 Nephrectomy+CT Recurrence in the
urinary tract

8 Bladder 80 No 2 Cystectomy None
9 Bladder 36 Lymph nodes 2 Cystectomy None
10 Ureter 0 Lymph nodes 3 None None
I Bladder 30 Lung 3 Cystectomy+ None

Nephroureterectomy+RT
12 Ureter 5 Lung, Lymph nodes 2 Nephroureterectomy+CT None
13 Ureter 0 No None None
14 Ureter 36 Lymph nodes, Psoas | 2 Nephroureterectomy None

major

15 Urethra 0 No 3 None None

Abbreviations: CT, chemotherapy; RT, radiotherapy.
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Figure | Metastasis interval from initial diagnosis of urothelial carcinoma to the confirmation of spinal metastasis between upper tract urothelial carcinoma (UTUC) and
lower tract urothelial carcinoma (LTUC) patients (A), different WHO grade patients (B) (*p<0.05,%%p<0.01).

based chemotherapy, two patients (13.3%) received cispla-
tin-based chemotherapy and radiotherapy (40Gy, 20 frac-
tions), and one (6.7%) patient received immune-
checkpoint inhibitors (PD-1 antibody). The rest of the
three patients received no adjuvant therapy. In addition,
of the six patients whose preoperative ECOG>2, three
received chemotherapy after surgery and one received
PD-1 antibody. Bisphosphonates (eg, zoledronic acid)
were applied in all patients.

The histology and grade of the metastatic lesions were
the same as those of the primary tumors in all cases. The
positive immunohistochemical markers were CK7 (n= 14,
93.3%), CK20 (n=9, 60%), UPIII (n=7, 46.7%), p63 and
GATA3 (n= 6, 40%). The Ki-67 index was > 10% posi-
tivity in 10 patients (66.7%) with a mean value of 35.9%
(range 2-90%).

Pain was relieved remarkably in all patients (post-
operative VAS score 0-2), and both the neurological

Cancer Management and Research 2020:12
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Figure 2 Excisional resection for lumbar metastasis from urothelial bladder carcinoma in a 61-year-old male (case 8). (A) X-ray and CT showed an osteolytic lesion with
pathological fracture at L2 level. (B) Sagittal MRI showed the lesion was hypointense on TIW and iso/hypointense on T2W images, axial enhanced MRI showed
inhomogeneous soft tissue mass with dura mater compression. (C) Excisional resection of L2 vertebral and expandable cage reconstruction was performed.

function and the general status were improved signifi-
cantly (postoperative Frankel grade D or E; postoperative
ECOG score 1-2) (Table 3). Disease progression was
detected in three patients, including local recurrence in
one patient (case 7) and spine new-onset metastasis in
two patients (case 10 and 14), both of these two patients
received secondary surgery. During the follow-up period,
11 patients (73.3%) died of the disease with a median
period of 12 (mean 12.7, range 8—18) months. The patient
who received immune-checkpoint inhibitors (PD-1 anti-

body) died of 16 months after surgery.

Prognostic Factors
The results of univariate analysis are provided in Table 4. The
median overall survival (OS) for all patients was 14 months,

Table 3 The Patients’ Performance Status Before and After
Operation

15 (range 11-26) months for patients with ECOG<2 and 11
(range 11-18) months for patients with ECOG>2, (p=0.217).
The median survival time for palliative and excisional resec-
tion was 12 (range 10-26) and 14 (range 8-18) months
respectively, (p=0.228). According to the log rank test, age,
gender, primary tumor location, metastasis spinal location,
preoperative Frankel scores, operation blood loss, surgical
time, visceral metastasis, and metastasis interval has insig-
nificant impact on the prognosis. Patients who received post-
operative chemotherapy survived longer than those who did
not receive chemotherapy (15 months vs 10 months,
p=0.037). WHO grade 3 was correlated with poorer prog-
nosis (p=0.012) (Figure 3).

Discussion

Urothelial carcinoma is one of the most common neoplasms
arising from the genitourinary system. The metastasis rate of
UC is about 10.1% with poor prognosis. Previously, only a
few studies have focused on the treatment and prognostic
prediction of UC spinal metastasis.'>'® To the best of our
knowledge, this is the first case series regarding the radiolo-
gical findings, treatments and outcomes of UC spinal metas-
tasis. It was found in our study that the median OS was 14
months, and WHO grade 2 and receiving postoperative che-
motherapy were favorable factors for the OS of patients with
UC spinal metastasis.

The results of our study demonstrated that UC spinal
metastasis had a male predominance (60%), which is con-
sistent with the gender distribution of primary UC reported
in the literature.'" The median age of patients with UC
spinal metastasis was 66.5 years, which is in line with
the previous reports.*” With respect to tumor location,
the lumbar spine was more likely to be infringed in our
series, which maybe was because direct invasion to the
adjacent structures is also a progress route as evidenced by

No. ECOG-PS Frankel VAS
Pre Post Pre Post Pre Post
| 42 B D 31
2 22 DD 71
3 11 DD 72
4 21 EE 92
5 21 DD 72
6 42 B D 52
7 21 DE 51
8 21 EE 62
9 31 DE 72
10 22 DD 62
I 22 EE 82
12 21 DE 82
13 32 CcCD 72
14 32 DE 92
15 32 DE 72
9008 submit your manuscript
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Table 4 Log-Rank Analysis of Prognostic Factors Affecting OS of Spinal Metastasis from Urothelial Carcinoma
Factor Number of Patients Median (months) Percentage p-value
Age, >70/<70 3/12 18.0/12.0 33.3%/25% 0.395
Gender, F/M 6/9 14.0/15.0 16.7%/33.3% 0.552
Location, C/T/L/S 2/5/7/1 8.0/15.0/18.0/14.0 0.0/20%%/42.9%1/0.0 0.164
Primary tumor; UTUC/LTUC 10/5 11.0/15.0 30.0%/20.0% 0.559
WHO grade, 2/3 6/9 18.0/12.0 50.0%/11.1% 0.012
Visceral meta, yes/no 5/10 11.0/15.0 25.0%/30.0% 0.195
Metastasis interval, >10/<10 months 7/8 14.0/15.0 28.6%/25.0% 0.370
ECOG-PS, 1-2/3—4 9/6 15.0/11.0 44.4%/0.0 0.217
Pre-Frankel, C-E/A-B 12/3 14.0/11.0 33.3%/0.0 0.204
Resection modes, palliative/excisional 9/6 12.0/14.0 11.1%/50.0% 0.228
Bleeding, 21000/< 1000 mL 10/5 14.0/18.0 20.0%/40.0% 0.368
Surgical time, 2230/< 230 minutes 8/7 12.0/14.0 25.0%/28.6% 0.876
Chemotherapy, yes/no 11/4 15.0/10.0 36.4%/0.0 0.037
Disease progression, yes/no 3/12 14.0/14.0 33.3%/25.0% 0.704
Ki-67, >10/<10 10/5 11.0/18.0 20%/40% 0.100

Note: Bolded figures are statistically significant.

soft tissue mass in psoas major muscles. The median
metastasis interval of UTUC was significantly shorter
than that of LTUC (p=0.044), this is attributed to the
advanced clinical course of the disease and the thinner
smooth muscle covering of upper tract, which may syner-
gistically contribute to the stronger metastatic potential of
UTUC.® The median metastasis interval of WHO grade 3
was dramatically shorter than that of grade 2 (p=0.002). In
addition, our log-rank analysis showed that grade 3 was
associated with a lower OS than grade 2 for UC spinal
metastasis (p=0.012), which is consistent with the aggres-
sive behavior of WHO classification.'*-*

Generally, UC spinal metastasis showed osteolytic
lesions in a CT scan in our series, which is dissimilar to
a previous report that osteoblastic cases occupied 10.4% of
their patients.” Vertebral pathological fracture was com-
mon on X-ray and CT, soft tissue mass around the lesion
with a narrowing of the spinal canal and compression of
the dura mater were frequently observed on MRI imaging.
This explains the most common clinical presentations are
pain and neurological deficit which are caused by spine
instability and nerve compression.

Since surgical treatment of patients with lung metasta-
sis of UC was first reported by Cowles et al,>' metasta-
sectomy has been applied in UC patients with lymph node,
brain, liver and bone metastases.”> >* Given the nearly 15
months of median OS of UC metastasis patients and epi-
dural spinal cord compression observed in almost all of
our patients, surgery is conducted in our series.**> The
main goal of surgery is to relieve pain, restore stability of

the spine and improve the neurological function and qual-
ity of life. In our study, patients who received palliative
surgery seemed to survive for a shorter time than patients
who received excisional surgery (12 vs 14 months), how-
ever, the difference was statistically insignificant. This
may be attributed to the limited number of included
patients. However, excisional surgery is usually recom-
mended for single spinal metastatic lesion with no live

3,5,25-27

metastasis, as long-term survival was achieved in

some bone-predominant metastatic UC patients.”™>’

Cisplatin-based chemotherapy is the mainstay of treat-
ment for metastatic UC. Eleven patients who received
cisplatin-based adjuvant chemotherapy in our series
achieved significantly longer OS than those who did not
(»=0.037), which is consistent with the previous report that
chemotherapy is a favorable factor for UC bone
metastasis.” Interestingly, one patient in our study who
received immune-checkpoint inhibitors after surgery
because of cisplatin-ineligibility survived for 16 months.
It is reported that immune checkpoint inhibitors will chal-
lenge chemotherapy as a frontline treatment option in
cisplatin-ineligible patients. However, the usefulness of
immune-checkpoint inhibitors in UC spinal metastasis
needs further research.’® The role of radiotherapy on
local recurrence and OS needs further study.

The median OS for UC metastasis varied from 5.4 to
15 months,*>*! 10.8 months for bone as the only meta-
static site” and 6.2 months for bone as a related metastatic
site.” In our study, the median OS for UC spinal metastasis

is 14 months, a little longer than that reported in previous
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Figure 3 Kaplan—Meier curves of overall survival for postoperative chemotherapy (A) and urothelial carcinoma WHO grade (B).
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studies. Several reasons may contribute to this: 1) surgery
is a useful method to manage skeletal adverse events,
while skeletal adverse events are significantly correlated
with immobilization, loss of independence, poor quality of
life and reduced survival.>? 2) The rate of receiving first-
line chemotherapy in our series is higher than that reported
in the literature (73.3% vs 57%), while chemotherapy is a
significant favorable prognostic factor for UC bone
metastasis.” Traditionally, UC metastasis patients with
ECOG>2 are not suitable for cisplatin-based chemother-
apy. However, three of the six patients with preoperative
ECOG>2 in our series received postoperative chemother-
apy. This is because surgery improves patients’ perfor-
mance status, as evidenced by ECOG, VAS and Frankel
scores after surgery, which provides an opportunity for
further systematic therapies. 3) In our study, bisphospho-
nates were applied to all patients. Its usefulness in patients
with UC bone metastasis has been proved by Tsuda et al,’
who reported that the median survival duration was sig-
nificantly improved from 5.2 months to 15.8 months by
using bone-modifying agents.

Although this is the largest series reporting the out-
comes and prognosis of UC spinal metastasis, limitations
do exist. First, this is a retrospective study and the number
of patients included is relatively small, which precludes
conducting multivariate statistics. In addition, we only
included patients undergoing surgical treatment and
excluded those who received chemotherapy only. We are
looking forward to conducting larger-sample research on
this challenging disease.

Conclusions

Pathological fracture and soft tissue mass with dura mater
compression is frequently observed on radiological images
of patients with UC spinal metastasis. Surgery is useful to
prevent the deterioration of performance status and
improve the quality of life. A promising outcome could
be achieved by surgical intervention followed by post-
WHO
grade 2 and receiving postoperative chemotherapy were

operative chemotherapy and bisphosphonates.

favorable prognostic factors for the OS of patients with
UC spinal metastasis.
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