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Purpose: With multi-institutional collabora-
tion, the purpose of this study was to analyze
geographical differences of renal cell carcinoma with tumor
thrombus between patients in North America, Central/South
America, and South Korea.

Materials and methods: Patients with renal cell carcinoma and a
tumor thrombus who underwent nephrectomy plus thrombecto-
my were retrospectively analyzed. Patients were from North
America, Central/South America, and South Korea. All compar-
isons were done based on the region where a patient had their
surgery and follow-up. Chi-squared test, analysis of variance,
Kaplan-Meier survival with log-rank test, and Cox regression
analysis were used.

Results: A total of 478 patients were included, 212 from North
America, 209 from Central/South America, and 57 from South
Korea. Of note, thrombus level was different using the Neves
classification system between regions (p < 0.001), with a greater
thrombus level in Central/South America. Surgical approach dif-
fered, with laparoscopic cases done most often in Central/South
America and robotic in North America (p < 0.001). Tumor grade
was lowest in South Korea (p < 0.001) and stage (p < 0.001)
greatest in Central/South America. Overall survival was greater
in South Korea compared to Central/South America (p = 0.026).
Cancer-specific survival was greater in South Korea relative to
North America and Central/South America (p = 0.026).
Conclusions: Patients from North America, Central/South
America, and South Korea diagnosed with renal cell carcinoma
and tumor thrombus do not present the same and have different
outcomes peri-/post-operatively. This includes important vari-
ables which have impacts on patient morbidity and mortality.
Considering increased efforts on health equity in urology, the
causes of these differences call for further investigation.
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INTRODUCTION

Renal cell carcinoma (RCC) with a tumor thrombus (RCC-
TT) carries a high morbidity and mortality. Incidence is
estimated around 4-10%, and it is well-established that
patients with a tumor thrombus tend to have poor prog-
nosis (1, 2). Survival of these patients ranges at five years
from 18%-57% depending on the study and patient char-
acteristics being examined (3). There has recently been an
important renewed focus on disparities in health access
and survival outcomes in urology. Race has been studied
for its association with inequities for RCC. Strong evi-
dence exists that black race predisposes patients to worse
treatment outcomes, and this research has highlighted the
need for more equitable treatment in RCC to ensure the
best outcomes for all patients (4, 5). While the impact of
race is undoubtedly an area that necessitates further
research for RCC, global disparities in presentation, man-
agement, and outcomes also exist and have lacked the
appropriate attention in the literature currently.

It is estimated that there will be nearly 400,000 new cases
of RCC worldwide and 175,000 deaths in the year 2024
(6). Current evidence shows that RCC incidence is higher
in North America (NA) and Europe relative to other conti-
nents, and this has been theorized to be due to greater rates
of abdominal imaging in these areas (7, 8). Nevertheless,
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regions like Latin America and Asia, who historically have
had a lower incidence of RCC, are expected to mirror that
of NA and Europe in the coming years (9). Though there
are few studies, survival from RCC has been examined
across the world with results tending to point towards
equivalent overall survival (OS) with worse cancer-specific
survival (CSS), access to clinical trials, and/or guideline-
based care in lower-income countries and regions of the
world (6, 9). Perhaps most importantly, despite strong evi-
dence that RCC is a cause for significant inequitable out-
comes globally and is estimated to be responsible for
approximately 2.5% of all cancer-related deaths across the
world yearly, there is a paucity of research examining RCC-
TT worldwide as most publications lack analysis on this
important patient population (6, 7, 9, 10).

Over the last two years, a joint collaborative project was
started to address global disparities in RCC-TT between
institutions in NA, Central/South America (CSA) (via the
Latin American Renal Cell Group), and South Korea
known as the Intercontinental Collaboration on Renal Cell
Carcinoma (ICORCC). The purpose of this study was to
compare pre-, peri-, and post-operative management along
with survival of patients with RCC-TT between NA, CSA,
and South Korea using the ICORCC database. We hypoth-
esized that no difference in presentation, operative man-
agement, or survival outcomes would exist by geography.

MATERIALS AND METHODS

This was a multi-institutional study conducted under insti-
tutional review board number IRBO0096722 across NA,
CSA, and South Korea. Data was retrospectively collected
from 1999-present and stored on a master database as part
of the ICORCC project. Participating institutions were from
the United States of America, Mexico, Peru, Uruguay,
Bolivia, Chile, Argentina, Brazil, and South Korea. All
patients required both a diagnosis of RCC-TT on computer-
ized tomography (CT) and/or magnetic resonance imaging
(MRD) and had to have undergone radical nephrectomy
with tumor thrombectomy for inclusion. A variety of pre-
operative variables were collected including patient age,
gender, race, diabetes mellitus (DM), chronic kidney disease
(CKD), symptoms at presentation (local and metastatic),
Karnofsky performance status, Charlson Comorbidity Index
(CCD), preoperative CT chest scan, preoperative tumor size,
and presence of preoperative metastasis. Perioperative vari-
ables were surgical approach, operative time, tumor grade,

tumor stage, tumor pathologic characteristics (necrosis, sar-
comatoid, thabdoid), lymph node (LN) dissection, and soft
tissue margin positivity. Postoperative variables were metas-
tasis after surgery, metastasis-free survival (MFS), follow-up
time, OS, and CSS.

Local symptoms were defined as flank pain and/or palpa-
ble abdominal or flank mass. Metastatic symptoms were
shortness of breath, chest pain, hemoptysis, bone
pain/swelling, jaundice, seizures, fever, weight loss, or
dizziness. For patients with preoperative metastatic loca-
tion information available, locations were defined as the
lungs, bone, liver, brain, retroperitoneum, regional lymph
nodes, adrenal gland, and “other regions”. Thrombus level
was classified according to the Neves classification system
(11). Preoperative tumor size was taken as the greatest
dimension of tumor size on CT or MRI imaging as closest
to the date of surgery. Systemic therapy was defined as any
use/combination of chemotherapy (chemo), immunother-
apy (immuno), or targeted therapy (targeted) for treating
RCC-TT either before or after surgery. A minority of
patients did not have complete data on the specific sys-
temic therapeutic used and were defined as “unknown”.
Surgical approach was classified as either open, laparo-
scopic (pure or hand-assist), or robotic. Tumors were
staged according to the TNM classification system and
graded according to the International Society of Urological
Pathology grading system (12, 13).

Patients were classified according to geographic location
where they underwent primary surgery for their RCC-TT
and received most of their postoperative care (NA, CSA, or
South Korea). Analysis of variance (ANOVA) was run to
compare continuous variables by geographic location.
Chi-squared test was used to compare categorical vari-
ables by geographic location. Kaplan-Meier survival
curves with log-rank test were used to compare OS, MES,
and CSS by geographic location. Additionally, a cox-
regression analysis model for OS and CSS was also per-
formed using variables with p < 0.05 and/or clinical rele-
vance. Patients with missing values for a particular vari-
able were excluded from that analysis. Significance was
set to p < 0.05 and conducted using SPSS Statistics
Version 28 (Armonk, NY).

RESULTS
A total of 478 patients were included in the study, 212 from
NA, 209 from CSA, and 57 from South Korea (Table 1;

Variable NA CsA South Korea | P-value EZ‘(’); alp'hica | comparisons
N M 209 57 : :
g ) 631 (109) 613 (124) 6LI[09) | 028 '\;‘/’I.ZhR?g;' OfeT”hffrrnc gzgma
B 293 (66) 730 BABY | <001 | e foliowing table compares
— 61 (302) 52249) 1011 0273 pre-, peri, and postoperative
Race Caucasin 163/208 (78.4) 707169 (41.4) 0 OO | outeomes between each
Bk 24/208 (115) 7/169 (4.1) 0 geographical region in
Hispanic 0 84/169 (49.7) 0 the study.
Asian 12/208 (58) 8/169 (47) 57 (100) Continuous variables are
Other 9/208 (43) 0 0 reported as means with
Active smoker 32(15.1) 24 (11.5) 6 (10.5) 0612 standard deviations in
Fomer smoker 977205 (413) 75 /172 (436) VIviH) 0002 parentheses aside from
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DM 65 (30.7) 39(18.7) 15(26.3) 0.021
Hypertension 153(72.2) 82(39.2) 33(57.9) <0.001
CKD 39 (184) 13(62) 3(5.3) <0.001
Kamofsky 90 (80-90) 90 (80-97.5) 90 (90-90) 0.692
Ccl 6 (4-8) 5 (3-6) 1(0-6) <0.001
Local symptoms at diagnosis 147 (69.3) 98 (46.9) 30 (52.6) 0.020
Metastatic symptoms at diagnosis 1909 25(12) 0 0.007
Preoperative chest CT 167 (78.8) 81(38.8) 34 (59.6) <0.001
Preoperative tumor size (cm) 9.1(33) 9.8 (3.6) 84(3) 0.021
Thrombus level | 109/204 (53.4) 29/93 (31.2) 32 (56.1) <0.001

I 45/204 (22.1) 25/93 (26.9) 7(123)

1 247204 (11.8) 26/93 (28) 16 (28.1)

v 26/204 (12.7) 13/93 (14) 2(35)
Metastatic before surgery 80/122 (65.6) 36/94 (38.3) 20/39 (51.3) 0.002
Multiple metastatic sites at presentation 27/80 (33.4) 24/36 (66.7) 8/20 (40) 0.128
Preoperative metastatic locale Lung 15 13 0 -

Bone 10 5 1

Liver 8 12 0

Brain 3 0 0

Retroperitoneum 16 16 3

Nodal 1 B 4

Adrenal 9 3 2

Other 10 1 7
Approach Open 107/211 (50.7) 107/185 (57.8) 50 (87.7) <0.001

Laparoscopic 13/211(62) 65/185 (35.1) 5(8.8)

Robotic 91/211 (43.1) 13/185(7) 2(35)
Operative time (minutes) 290.8 (122.7) 285.6 (138.3) 265 (121.1) 0422
Length of stay (days) 6.6 (6) 15.5(76.3) 12.3(7.9) 0.199
Stage T3a 63/182 (34.6) 40/153 (26.1) 0 <0.001

13b 80/182 (44) 74/153 (48.4) 49 (86)

T3¢ 25/182 (13.7) 23/153(15) 8 (14)

T4 14/182(1.7) 16/153 (10.5) 0
Grade 1 7/202 (3.5) 2/155(1.3) 0 <0.001

2 36/202 (17.8) 17/155 (11) 2(35)

3 101/202 (50) 54/155 (34.8) 33(57.9)

4 58/202 (28.7) 82/155 (53) 22 (38.6)
Sarcomatoid 28(139) 82(39.2) 9(15.8) <0.001
Rhabdoid 24(113) 9(43) 0 0311
Necrosis 119/201 (59.2) 112/166 (67.5) 43(75.4) 0.048
Subtype Clear cell 162/205 (79) 166/188 (88.3) 50 (87.7) 0.071

Papillary 17/205 (8.3) 12/188 (6.4) 4(7)

Other 26/205 (12.7) 10/188 (5.3) 3(5.3)
Lymph node dissection 100 (47.2) 67 (32.1) 25(43.9) 0.004
Lymph nodes positive 0(0-1) 0(0-1) 0(0-1) 0.123
Lymph nodes negative 2(0-4) 2(0-5) 5(2-14.5) 0.003
Soft tissue margin positive 58 (27.4) 34(16.3) 1(18) <0.001
Systemic therapy 92 (43.3) 56 (26.8) 30 (52.6) <0.001
Systemic therapy type Chemo 6 7 0 -

[mmuno 16 10 0

Targeted 26 34 12

Chemo and immuno 6 1 2

Chemo and targeted 3 0 0

Immuno and targeted 21 4 0

Chemo, immuno, targeted 1 0 3

Unknown 13 0 13
Postoperative tumor size (cm) 9.6 (3.7) 9.7(35) 93(32) 0.768
Metastatic after surgery 42/122 (34.4) 58/94 (61.7) 19/39 (48.7) <0.001
Metastatic ever 122/211 (51.8) 94/181 (51.9) 39 (68.4) 0.075
Initial number of metastatic sites 15(L1) 22(12) 1.1(0.6) <0.001
Metastasis-free survival (months) 15.5(25.8) 15.4(21.9) 17.8(23.7) 0.938
Overall survival (years) 19(21) 13(2) 3(29) 0.012
Cancer-specific survival (years) 1.5(1.5) 15(1.3) 29(29) 0.014
Dead 70(33) 67 (32.1) 26 (45.6) 0.207
Cancer-specific death 46/53 (86.8) 28/54 (51.9) 21/26 (80.8) <0.001
Follow-up (years) 39(6.4) 2.1(35) 34 (5.4) 0.023
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Karnofsky performance
status, Charlson Comorbidity
Index, and the number of
positive and negative lymph
nodes which are medians
with interquartile ranges in
parentheses.

Categorical variables are
reported as total numbers
with percentage of the cohort
in parentheses.

Associated p-values for

each comparison are also
provided.
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Figure 1.
Geographical Differences.

The following figure shows each geographical region in the study: North America, Central/South America, and South Korea.
Patients from the United States of America were labeled as “North America” in red, patients from South Korea were labeled as
“South Korea” in blue, and all other regions were labeled as “Central/South America” in green.

Relevant demographic, peri-, and post-operative differences are shown. The most common thrombus level, tumor stage, and
tumor grade are provided for each region. The total number of metastatic patients pre- and post-operatively are also shown.
Means for overall survival and cancer specific survival are represented with standard deviation in parentheses.

T3b (80/ 44%)
post-op: 42 patients (34.4%) U

North America (n=212)
3(101/50%)
i sun al (yrs 9@2.1)

- Thrombus level: 1 (109 / 53.4%)
D
pre-op: 80 patients (65%) §
vival (yrs): 15 (1.5)

Central &
South America (n=209)

South Korea (n=57)

- Thrombus level: 1 (32 /56.1%)
- Stage: T3b (49 / 86%)

- Grade: 3 (33 /57.9%)

- Metastasis pre-op: 20 patients (51.3%)
- Metastasis post-op: 48.7%)
- Mean overall survi 9)
er specific survival (yrs): 2.9 (2.9)

- Mean cance

Figure 1). Mean age at surgery, gender, active smoking sta-
tus, and Karnofsky performance status were not signifi-
cantly different between the geographical regions (p >
0.05). CCI was greatest in NA patients (median-6) com-
pared to both CSA (median-5) and South Korea (median-1;
p < 0.001). BMI was significantly greater in NA patients
compared to CSA and South Korean patients (29.3 versus
27.3 versus 23.4; p < 0.001). Race of the patients from each
geographical region also was significantly different (p <
0.001). A greater percentage of patients were former smok-
ers in NA (47.3%) and CSA (43.6%) in comparison to
South Korea (21.1%; p = 0.002). DM was less prevalent in
CSA patients (18.7%) relative to NA (30.7%) and South
Korea (26.3%; p = 0.021). Hypertension was more preva-
lent in NA patients (72.2%) compared to CSA and South
Korea (p < 0.001). CKD was also more likely in NA patients
(18.4%) compared to CSA and South Korea (p < 0.001).

At diagnosis local symptoms were more likely in NA
(69.3%) in comparison to CSA (46.9%) and South Korea

(52.6%; p = 0.020). Metastatic symptoms were more
common in NA (9%) and CSA (12%) relative to South
Korea (0%; p = 0.007). Patients from NA (78.8%) and
South Korea (59.6%) were more likely to undergo a pre-
operative chest CT scan compared to CSA (38.8%; p <
0.001). Preoperative tumor size was significantly smaller
in South Korea (8.4 cm) relative to NA (9.1 cm) and CSA
(9.8 cm; p = 0.021). Thrombus level also differed by
region, with a greater average thrombus level in CSA (p <
0.001). NA had the greatest percentage of patients
metastatic at diagnosis (65.6%; p = 0.002). The most
common location of metastases seen preoperatively was
the retroperitoneum for NA (N = 16) and CSA (N = 16),
and “other regions” for South Korea (N = 7). No differ-
ence existed in the number of patients with multiple
metastatic sites at presentation (p > 0.05). Operative
approach also differed, with a significantly greater pro-
portion of robotic cases in NA (43.1%) and a greater pro-
portion of laparoscopic cases in CSA (35.1%) (Figure 2;

120

100

80

60

Total Number of Cases

40

20

CIS America

N America

South Korea

Figure 2.
=E:::roscopic Operative Approach by Geographical Region.
B Robotic The following figure shows all operations

performed in each of the three geographical
regions: North America, Central/South
America, and South Korea. Each bar
represents a specific operative approach,
which was either open, laparoscopic,

or robotic.

Number of operations is on the y-axis

and geographical region is on the x-axis.
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Figure 3.
Kaplan-Meier Survival Analysis by Geographical Region.

The following figure represents a Kaplan-Meier survival analysis comparison between North American patients, Central/South
American patients, and South Korean patients in the study for (A) - overall survival and (B) - cancer-specific survival, and

(C) - metastasis-free survival. The proportion of patients surviving at each time interval is shown on the y-axis and time is
represented on the x-axis in years or months. Log-rank significance p-values are shown below the figure legends.

Number at risk tables of all patients experiencing the event of interest during the study are also provided below the graphs

with censored patients in parentheses.
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p < 0.001). Operative time and length of stay were simi-
lar (p > 0.05). Tumor stage was different by geographic
region, with a greater percentage of T3b patients (86%) in
South Korea (p < 0.001). Tumor grade was also different
by region, with a greater proportion of grade 4 RCC in
CSA (p < 0.001). On pathology, sarcomatoid variants
were significantly more prevalent in CSA (39.2%), com-
pared to NA and South Korea (p < 0.001). Tumor necro-
sis was most prevalent in NA patients (59.2%; p = 0.048).
Tumor subtype was not different (p > 0.05). CSA had the
lowest percentage of LN dissections performed (23.1%;
p = 0.004). The median number of LNs positive for can-
cer were similar (p > 0.05), and the median number of
negative LNs was greatest in South Korea (median-5; p =
0.003). Soft tissue margin positivity was least likely in
South Korean patients (1.8%; p < 0.001).

CSA patients were significantly less likely to receive sys-
temic therapy (26.8%) in comparison to NA (43.3%) and
South Korean patients (52.6%; p < 0.001). The most
common regimen was targeted therapy in NA (N = 24),
CSA (N = 34), and South Korea (N = 12). Postoperative

tumor size on gross specimen was similar by geographi-
cal region (p > 0.05). The percentage of patients metasta-
tic at any time in the study window and MFS was not dif-
ferent (p > 0.05). The percentage of patients who went on
to develop metastasis after surgery was highest in CSA
(61.7%; p < 0.001). CSA patients had a greater number of
initial metastatic sites (2.1) compared to the NA (1.5) and
South Korea (1.1; p < 0.001). OS favored South Korean
patients (3 years) in comparison to CSA (1.9 years) and
on log-rank test this was significantly different (Figure 3;
p = 0.026).

No OS survival difference existed between South Korea
and NA, nor NA and CSA (p > 0.05). CSS favored South
Korean patients (2.9 years) compared to both NA (1.5
years) and CSA (1.5 years) and on log-rank test this was
significantly different (Figure 3; p = 0.026). On Cox
regression analysis for OS no significant differences were
seen (Table 2 and Figure 4; p > 0.05) and for CSS, CSA
patients had a significantly greater hazard (HR) of cancer-
specific death (Table 3 and Figure 4; HR = 0.44; p =
0.015).

Variable B S.E P-value Exp(B) Confidence interval Table 2. . ) )
Upper  Lower Cox Regression Analysis for Overall Survival.
—— The following table is a cox regression analysis

Geographical region 0.14 . >

North Amer NG i 0 ) 5 76 with death as the outcome of interest. S.E.

oth America i : : : : S : is standard error, B represents the predicted
Central/South America 045 01 01 064 038 1 hazard of the terminal event (death) and Exp(B)
Thrombus level 0.9 011 0.008 13 108 167 is the hazard ratio for each variable in the model.
Approach 0.83 For geographical region, South Korea is the
Open 0.08 042 0.85 11 048 244 reference category and for approach, robotic
Laparoscopic 018 03 0.55 1.2 0.67 217 surgery is the reference category.
Tumor stage 001 0.16 0.95 1 0.73 134 Associated p-values for each variable are
Tumor grade 022 019 02 12 086 18 also provided.
Sarcomatoid pathology 0.37 0.32 0.26 14 0.17 21
Metastatic anytime 037 031 0.23 14 0.79 2,66
Systemic therapy 08 0.21 0.003 0.45 0.21 0.77
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Figure 4.

Cox Regression Analysis for Overall Survival and Cancer-Specific Survival.
The following figure represents the survival curve from the cox regression model for (A) - overall survival and (B) - cancer-specific
survival. The proportion of patients surviving at each time interval based on the mean of covariates in the model is shown

on the y-axis and time is represented on the x-axis in years.

A B
Time (years) Time (years)
q ; - Table 2.
Variable B S.E P-value Exp(B Confidence interval
A “Upper  Lower Cox Regression Analysis for Cancer-specific
Geographical region 0053 Survival. ) )
North Amerca 029 047 054 075 03 19 The following table is a cox regression
Central/South America 082 03 0015 04 03 08 analysis W’;’? cancer-specific death as the
Thrombus level 0.003 013 098 1 077 13 outcome of interest. _
Rpproach 0.98 B represents the predicted hazard
Open 008 049 086 0.9 035 77 of the terminal event (death) and Exp(B)
Laparoscopic 0'01 0.36 0I98 '1 65 263 is the adjusted hazard ratio for each variable
Tumor stage 019 018 03 1 R in the moael. _ ,
Tumor grade 038 03 01 15 092 773 For geographical region, South Korea is the
Sarcomataid pathology 001 039 097 099 046 213 reference category and for approach, robotic
Wetastaic anyime 081 042 006 045 02 10 surgery is the reference group.
Systemic therapy 0% 031 0.002 039 0 07 Associated p-values for each variable are
also provided.
DiscussioN and the disparity is difficult to ascertain by current access

Several important differences were identified in how
patients presented prior to surgery with RCC-TT. BMI
was greater in the NA cohort, which has been linked to an
increased likelihood of RCC, but results are mixed with
respect to survival, as some studies show a protective
effect (14). Unsurprisingly, race differed by geographical
region, and as stated it is also known to impact patient
outcomes for RCC and RCC-TT (4, 15). Patients from NA
and CSA were more likely to be former smokers, which is
a well-established factor predisposing to poor survival in
RCC (16). Despite a variety of comorbidities differing by
region, Karnofsky performance status was equivalent, and
is known to correlate with poor outcomes for RCC-TT
(17). Interestingly, CSA patients had the lowest preva-
lence of local symptoms at diagnosis but the highest rate
of metastatic symptoms. This may indicate that these
patients are more likely to present later in their disease
course and fits with some publications showing a high
rate of metastatic presentation for RCC in CSA countries
(18). Nevertheless, NA patients had the highest percent-
age of metastasis at presentation. CSA patients had a sig-
nificantly lower likelihood of undergoing a chest CT pre-
operatively, which should be done prior to surgery and is
well-supported in the literature (19). This is of concern

to care alone. CT chest omission could be due in part to
the large time span of the study including cases from
1999 onward where CT scan access and care guidelines
were not as ubiquitous. Additionally, patients without a
CT chest did have a chest x-ray in most instances.
Nevertheless, this is one of the most significant discrep-
ancies we identify in our study and requires additional
investigation as to its causes. While the prognostic signif-
icance of thrombus level remains controversial, NA and
South Korea had the most patients with a level I throm-
bus, and it has been shown that rates of abdominal imag-
ing differ worldwide, potentially catching the thrombus
before further spread to a higher level (7, 8).

Peri-operative management/outcomes also differed by
region. NA had the greatest percentage of robotic surgery
and CSA had the greatest percentage of laparoscopic.
While the open approach has traditionally been
employed for RCC-TT, a robotic approach has been
described with equivalent to superior postoperative out-
comes (20). With the ubiquitous use of robotic access
across academic centers in NA, it is unsurprising this
region had the greatest rate of robotic surgery. Pure/hand-
assist laparoscopy has also been reported on for RCC-TT,
but its use may be greater and success better than what is
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currently accepted, especially in CSA countries (21). A
lower tumor stage was more prevalent in South Korea rel-
ative to both NA and CSA. It is worth noting that CSS was
greatest in South Korean patients and tumor stage is asso-
ciated with poor survival for RCC and RCC-TT (22).
Tumor grade was highest in CSA, a poor prognostic fac-
tor for RCC-TT (23). Similarly, sarcomatoid variants were
most common in CSA, which is linked to poor outcomes
in patients treated surgically for RCC-TT (24). Rates of
LN dissection were lowest in CSA, but the number of pos-
itive nodes on pathology was similar by region. This is
relevant as research shows the number of positive LNs
after radical nephrectomy and tumor thrombectomy is
independently associated with worse CSS (25).

Multiple postoperative and survival outcomes differed by
geography. The overall number of patients metastatic in
the study window was similar, but there was a greater
number of patients metastatic at presentation in NA and
a greater number of metastatic sites at presentation in
CSA. Further, CSA had the highest proportion of patients
who developed metastasis after surgery. Despite these dif-
ferences, MFS was similar amongst each region. This is
particularly relevant as MFS has been shown to predict
OS for RCC (26). In our population though, OS was not
equivalent on primary analysis, and patients from South
Korea had a significantly greater OS relative to CSA. CSS
was also greatest in South Korean patients but whereas
OS was greater only compared to CSA, CSS was greater
than both CSA and NA. Tian et al. published on prognos-
tic indicators for OS and CSS in RCC-TT patients, noting
that lower tumor grade, lower tumor stage, lower throm-
bus level, and the use of systemic therapy predicted bet-
ter outcomes (23). South Korean patients had lower
tumor stages in the study, and CSA patients had greater
tumor grades and thrombus level, which appears to fall in
line with Tian et al.s findings. Moreover, systemic therapy
utilization was not equivalent across each region, with
CSA patients having the lowest usage. Importantly, access
to systemic therapy clinical trials in RCC differs across the
world, and patients with higher risk RCC are not as well
represented in these trials in CSA (6, 9, 10). On Cox
regression analysis, when controlling for variables like
tumor stage, grade, and metastasis, most survival differ-
ences disappeared, unsurprisingly showing that survival
is multifactorial and additional factors besides geography
are clearly at play. However, CSS was still worse in CSA,
which is concerning and calls for further investigation.
Several limitations are worth acknowledging in our analy-
sis. While the multi-continental and diverse nature of our
cohort is a strength, we rely on the fact that the medical
records at each participating institution are correct and
up to date with patient information. Further, our findings
are subject to the inherent biases of any retrospective
review, and every patient in the study did not necessarily
have a complete set of data to include in statistical analy-
sis. While the Cox regression attempted to control for
confounding variables, we cannot fully control for the fact
that each geographical regions” demographic characteris-
tics were not equivalent at baseline. In addition, NA, CSA,
and South Korea are not homogeneous regions and there
is variability in patient management within regions which
we did not assess in this study. Despite using the same

staging and grading systems for RCC, pathologist evalua-
tion could have varied by both institution and geograph-
ical region and may account for some of the differences
seen in sarcomatoid, rhabdoid, and necrotic tumor fea-
tures. We also recognize that the external validity of our
results is limited by the institutions that submitted data to
participate in this study, all of which are tertiary academ-
ic centers. Nevertheless, we feel most cases of RCC-TT
end up being referred to high-volume academic centers
for definitive management and thus still see utility in our
results.

CoNcLUSIONS

This is one of the largest series of patients with RCC-TT
in the literature, and one of the only publications to
focus on geographical differences in presentation, man-
agement, and outcomes using collaboration via the
ICORCC database. Given the need for stronger emphasis
on health equity worldwide, our findings are particular-
ly timely. While multiple studies have examined demo-
graphics such as race, gender, and functional status in
RCC-TT, few have recognized how patient geography
plays into this. A multifaceted approach should be taken
to address the disparities we identify. There is no single
fix to this complex patient population. However, what
we do feel is that a global health emphasis on funding
and investment in CSA is required to improve access to
optimal patient care like systemic therapy, surgical
robots, and the like. Moreover, new clinical trials need to
be better about inclusion of patients and healthcare cen-
ters around the globe, rather than just the United States.
We hope this study sheds light on important regional dif-
ferences in the interest of narrowing worldwide gaps in
healthcare and achieving more equitable outcomes in
RCC-TT for all.
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