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Abstract

Background: The relationship between the size of the primary tumor and the prognosis of patients with metastatic renal cell
carcinoma (mRCC) is unclear. In this study, we aimed to investigate the significance of the size of the primary tumor in mRCC.
Methods: We retrospectively reviewed the data of patients with mRCC who underwent cytoreductive nephrectomy (CN) from
2006 to 2013 in a Chinese center (n = 96) and those in the Surveillance, Epidemiology, and End Results (SEER) database (from
2004 to 2015, n = 4403). Tumors less than 4 cm in size were defined as small. Prognostic factors were analyzed using univariate
and multivariate Cox proportional hazards regression analyses. Results: Patients with small tumors had a longer overall survival
than other patients, both in the Chinese cohort (median, 30.0 vs 24.0 months, P = 0.026) and the SEER cohort (median, 43.0 vs
23.0 months, P < 0.001). After adjusting for other significant prognostic factors, small tumor size was still an independent pro-
tective factor in the Chinese cohort (adjusted hazard ratio [HR], 0.793; 95% confidence interval [CI]: 0.587-0.998, P = 0.043).
In the SEER cohort, multivariate analysis showed that small tumor size was also an independent protective factor (HR, 0.880; 95%
Cl: 0.654-0.987, P = 0.008). In addition, as a continuous variable, a | cm elevation in tumor size translated into a 3.8% higher risk
of death (HR, 1.038; 95% ClI, 1.029-1.046; P < 0.001). Conclusion: Patients with small tumors may have a favorable prognosis
after CN for mRCC. Although CN is not a standard protocol in mRCC, small tumor size may be a candidate when we are deciding
to perform CN because of the potential benefit for OS.
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155273 patients with renal tumors were

(2004-2015)

8206 patients with metastatic renal cell
carcinoma

treated with cytoreductive nephrectomy

obtained from the database of the Surveillance,
Epidemiology, and End Results (SEER) program

97951 patients with clear cell, papillary and
chromophobe carcinomas were identified by
histologic confirmation

4403 metastatic renal cell carcinoma patients

Excluded (n=57322)

® Non-renal cell carcinoma

® Other rare histological types

® Diagnosis not by death
certificate/autopsy

Excluded (n=89745)
® Patients with localized renal cell
carcinoma

Excluded (n=3803)

® Tumor size unknown

® Other local therapies

® Survival status unknown
® Pre-surgical treatment

Figure 1. The process of screening patients with metastatic renal cell carcinoma for analysis in the SEER cohort.

Introduction

Approximately 20%-30% of renal cell carcinomas (RCCs) are
metastatic renal cell carcinoma (mRCC).!? Patients with
metastases can be classified into different risk levels based
on the Memorial Sloan Kettering Cancer Center (MSKCC)
score or the International Metastatic Renal Cell Carcinoma
Database Consortium (IMDC) score and receive appropriate
systemic treatment, such as targeted therapy, immunotherapy,
or combined therapies.* Cytoreductive nephrectomy (CN), as
surgical treatment, is not recommended in patients with inter-
mediate- or poor-risk IMDC stratification based on several
recent trials.>® However, the MSKCC and IMDC classifica-
tions mostly focus on the state of the performance status and
laboratory values to predict outcomes, while the primary tumor
status is not involved. Patients with a lower tumor burden may
have a potential survival benefit by undergoing CN, which
could be added to individual decision-making procedures.’
Although the primary tumor size was confirmed as a pre-
dictor of outcome in patients with localized disease, its role in
predicting prognosis in patients with mRCC remains contro-
versial.'” One study showed that early primary tumor size
reduction is an independent predictor of improved survival
outcomes in mRCC patients treated with targeted therapy.'’
However, it is unclear whether the prognostic value of the
primary tumor size remains after CN. Recently, DiNatale et al
reported that a primary tumor size < 4 cm was independently

associated with improved overall survival (OS) in patients
with metastatic clear cell RCC who had undergone surgery
earlier.” In the present study, we retrospectively examined the
data of mRCC patients who had undergo CN retrieved from
the database of a Chinese center and the Surveillance, Epide-
miology, and End Results (SEER) program and aimed to
determine how the size of the primary tumor affects the prog-
nosis of mRCC patients.

Patients and Methods

With the approval of the Domain-Specific Review Board,
records of patients with mRCC who underwent CN between
2006 and 2013 in a Chinese center were collected and retro-
spectively reviewed. We also identified 155,273 patients with
renal tumors (International Classification of Disease for Oncol-
ogy C64) between 2004 and 2015 in the SEER database. Of
these, 97,951 patients with clear cell type, papillary type, and
chromophobe type carcinomas were confirmed by histology.
Among them, 8206 had metastatic disease. Patients with an
unknown primary tumor size and an unclear survival status
who were diagnosed by autopsy and those who underwent
other local therapies or pre-surgical treatment were excluded.
Finally, 4403 patients with mRCC treated with CN were eligi-
ble for the analysis. The process used to generate the analytic
cohort is shown in Figure 1.
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CN was defined as any nephrectomy performed in
patients diagnosed with metastasis. Tumor size was defined
as the maximum diameter of the primary tumor (cm) in the
pathology review. A cutoff value of 4 cm was used for the
primary tumor analysis based on current staging definitions,
categorizing patients as having small (< 4 cm) or large
tumors.'®'? Patient clinical information was obtained from
the electronic medical record inquiry system and the SEER
database. Variables including age at diagnosis, sex, ethni-
city, marital status, year of diagnosis, tumor location, tumor
size, MSKCC risk factors, tumor grade, T stage, N stage, and
histological type were used for analysis. To be consistent
with the SEER database regarding the tumor grading sys-
tem, we reviewed our pathological slices. The SEER cohort
did not cover the MSKCC risk factors and the subsequent
treatment schedules because of unavailability of laboratory
and drug information. The primary outcome of the study
was OS.

Means, medians, and ranges are reported for continuous
variables. Relationships between the groups were compared
using the chi-squared test, Fisher’s exact test, or Student’s
t-test. Univariate and multivariate Cox regression analyses
were performed. Factors that were significant in the uni-
variate analysis were included in a multivariate model.
Statistical analyses were performed using the R software
environment for statistical computing and graphics (version
4.0.0). R packages including readxl, survminer, ggplot2,
ggpubr, and rms were used to analyze and visualize the
data. Differences were considered statistically significant
at P < 0.05.

Results

Patient Characteristics

A total of 96 patients from the Chinese cohort were included
in this study, including 80 (83.3%) male and 16 (16.7%)
female patients. The median primary tumor size was 7.0 cm
(interquartile range [IQR]: 5.3-8.0 cm). Histologically, 90
(93.8%) patients had clear cells, and 6 (6.2%) had papillary
histological types. There were 19 (19.8%), 16 (16.6%), 38
(39.6%), and 23 (24.0%) patients in the pT1, pT2, pT3, and
pT4 stages, respectively. Sixty-three (65.6%) patients were in
the intermediate-risk group, and 33 (34.4%) patients were in
the poor-risk group. The metastatic sites were the lungs
(n = 74, 77.1%), bones (n = 34, 35.4%), adrenal glands
(n = 4, 4.2%), liver (n = 2, 2.1%), and spleen (n = 1,
1.0%). All patients received first-line targeted therapy after
CN (51 patients received sunitinib and 45 patients received
sorafenib). Eighty-seven (90.6%) patients exhibited progres-
sion, and 76 (79.2%) patients received second-line targeted
therapies, including pazopanib, everolimus, or axitinib.
Another 11 (11.5%) patients declined second-line therapies
and received the best supportive care. Thirteen (13.5%)
patients had small renal tumors (< 4 cm), and 83 (86.5%)
patients had large renal tumors (> 4 cm). Patients in the tumor

Table 1. Association Between Tumor Size and the Clinicopathologi-
cal Features of the Cohort of Chinese Center.

Overall <4 cm >4 cm P

Characteristics (n = 96) (n=13) (n=83) value

Age at diagnosis, 60.3 + 9.8 61.9 + 11.0 60.1 + 9.6 0.527
mean + SD (year)

Sex, n (%) 0.789
Male 80(833) 10(76.9) 70 (84.3)
Female 16 (167)  3(3.1) 13 (15.7)

Marital status, n (%) 0.632
Married 94 (97.9) 12 (92.3) 82 (98.8)

Not Married 22.1) 1(7.7) 1(1.2)

Year of diagnosis, n (%) 0.151
2006-2010 58 (60.4)  5(38.5) 53 (91.4)
2011-2013 38(39.6)  8(61.5) 30 (81.6)

Tumor location, n (%) 0.635
Left 57(59.4)  9(69.2) 48 (57.8)

Right 39 (40.6)  4(30.8) 35 (42.2)

MSKCC score, n (%) 0.984
Intermediate 63 (65.6)  8(61.5) 55 (66.3)

Poor 33(344)  5(38.5)  28(33.7)

Tumor grade, n (%) 0.008
G1/G2 32(333) 9(692) 23 (27.7)

G3/G4 64 (66.7)  4(30.8) 60 (72.3)

T stage, n (%) 0.003
TI-T2 35(36.5)  10(76.9) 25 (30.1)

T3-T4 61 (63.5) 3(23.1)  58(69.9)

N stage, n (%) 0.044
NO 61(63.5) 12(92.3) 49 (59.0)

N1 35 (36.5) 1(7.7) 34 (41.0)

Number of metastatic sites, n (%) 0.038
Solitary 60 (62.5) 12 (92.3) 48 (57.8)
Multiple 36(37.5) 1(1.7) 35 (42.2)

Histological types, n (%) 0.397
Clear cell 90 (93.8) 11 (84.6) 79 (95.2)
Papillary 6(62)  2(154)  4(4.8)

Abbreviation: MSKCC, Memorial Sloan Kettering Cancer Center.

size < 4 cm group were less likely to exhibit G3/G4 tumor
grade (30.8% vs. 72.3%, P = 0.008), T3-T4 stage (23.1% vs.
69.9%, P =0.003), and N1 stage (7.7% vs. 41.0%, P = 0.044).
In addition, patients with small tumor size also had fewer
metastatic sites (7.7% vs. 42.2%, P = 0.038). The patient
characteristics are summarized in Table 1.

Similarly, in the SEER cohort, 4403 patients included
3081 (70.0%) men and 1322 (30.0%) women with 3964
(90.0%) clear cells, 353 (8.0%) papillary, and 86 (2.0%)
chromophobe histological types. The median primary tumor
size was 9.0 cm (IQR: 6.5-11.5 cm). The number of patients
with small and large renal tumors was 343 (7.8%) and 4060
(92.2%), respectively. Patients in the tumor size < 4 cm
group were less likely to present with G3/G4 tumor
grade (47.2% vs. 70.6%, P < 0.001), T3-T4 stage
(32.4% vs. 71.8%, P < 0.001), and N1 stage (14.6% vs.
24.0%, P < 0.001). Comparisons between tumor size and
clinical and pathological features in the SEER cohort are pre-
sented in Table 2.



Technology in Cancer Research & Treatment

Table 2. Association Between Tumor Size and the Clinicopathological Features of SEER Database.

Characteristics Overall (n = 4403) <4cm (n = 343) >4 cm (n = 4060) P value
Age at diagnosis, mean + SD (cm) 61.0 + 10.7 625 + 11.5 60.9 + 10.6 0.051
Sex, n (%) 0.669
Male 3081 (70.0) 244 (71.1) 2837 (69.9)
Female 1322 (30.0) 99 (28.9) 1223 (30.1)
Marital status, n (%) 0.513
Married 2934 (66.6) 219 (63.8) 2715 (66.9)
Not Married 593 (13.5) 51 (14.9) 542 (13.3)
Others 876 (19.9) 73 (21.3) 803 (19.8)
Ethnicity, n (%) 0.055
White 3761 (85.4) 288 (84.0) 3473 (85.5)
Black 307 (7.0) 34 (9.9) 273 (6.7)
Others 335 (7.6) 21 (6.1) 314 (7.8)
Year of diagnosis, n (%) 0.060
2004-2010 2347 (53.3) 200 (58.3) 2147 (52.9)
2011-2015 2056 (46.7) 143 (41.7) 1913 (47.1)
Tumor location, n (%) 0.564
Left 2273 (51.6) 183 (53.4) 2090 (51.5)
Right 2124 (48.2) 159 (46.3) 1965 (48.4)
Bilateral 6 (0.2) 1 (0.3) 5(0.1)
Tumor grade, n (%) <0.001
G1/G2 981 (22.3) 135 (39.4) 846 (20.8)
G3/G4 3028 (68.8) 162 (47.2) 2866 (70.6)
GX 394 (8.9) 46 (13.4) 348 (8.6)
T stage, n (%) <0.001
T1-T2 1366 (31.0) 231 (67.3) 1135 (28.0)
T3-T4 3025 (68.7) 111 (32.4) 2914 (71.8)
TO-TX 12 (0.3) 1 (0.3) 11 (0.2)
N stage, n (%) <0.001
NO 3146 (71.5) 271 (79.0) 2875 (70.8)
N1 1024 (23.3) 50 (14.6) 974 (24.0)
NX 233 (5.2) 22 (6.4) 211 (5.2)
Histological types, n (%) <0.001
Clear cell 3964 (90.0) 282 (82.2) 3682 (90.7)
Papillary 353 (8.0) 51 (14.9) 302 (7.4)
Chromophobe 86 (2.0) 10 (2.9) 76 (1.9)

Abbreviation: MSKCC, Memorial Sloan Kettering Cancer Center.

Correlation Between Primary Tumor Size and Survival
Outcome

In the Chinese cohort, the median follow-up period was 73.0
months (IQR, 60.1-84.0 months). The 2- and 5-year OS rates
were 57.3% and 14.9%, respectively. Compared to patients in
the tumor size > 4 cm group, patients in the tumor size <4 cm
group experienced longer OS (median, 30.0 vs. 24.0 months,
P =0.026) (Figure 2). In contrast, the median follow-up period
in the SEER cohort was 75.0 months (IQR, 39.0-109.0 months).
The 2- and 5-year OS rates were 50.4% and 25.3%, respectively.
Patients in the tumor size < 4 cm group achieved significantly
longer OS (median, 43.0 vs. 23.0 months, P < 0.001) than
patients in the tumor size > 4 cm group (Figure 3A).
Subsequently, we stratified the patients into different histo-
logical types to evaluate the significance of a small tumor size.
Given the limited number of cases in the Chinese cohort, we
only analyzed histologic types in the cohort of the SEER data-
base. In the clear cell subgroup, patients in the tumor size

< 4 cm group (n = 282, 7.1%) had longer OS (median, 43.0
vs 24.0 months, P < 0.001) than patients in the tumor size
>4 c¢cm group (n = 3682, 92.9%) (Figure 3B). In the papillary
subgroup, patients in the tumor size < 4 cm group (n = 51,
14.4%) had longer OS (median, 22.0 vs 14.0 months,
P = 0.043) than patients in the tumor size > 4 cm group
(302, 85.6%) (Figure 3C). In the chromophobe subgroup, the
survival difference between patients in the tumor size < 4 cm
group (n = 10, 11.6%) and patients in the tumor size > 4 cm
group (n = 76, 88.4%) was not statistically significant (median,
35.0% vs. 36.0%, P = 0.710) (Figure 3D).

To further evaluate the value of the primary tumor size in
clinical outcomes, cutoff values of 4 cm, 7 cm, and 10 cm were
used for the analysis of primary tumors based on the current
TNM staging definitions. Patients were divided into 4 subgroups,
including patients with tumor size < 4 cm, 4 cm < tumor size
< 7 cm, 7 cm < tumor size < 10 ¢cm, and tumor size > 10 cm.
Kaplan—Meier analysis showed that the survival curves of
patients with tumor size > 7 cm were close and had shorter OS
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Figure 4. Survival difference in patients with different tumor sizes based on the staging system. A, Chinese cohort; (B) SEER cohort.

than other patients in both cohorts (Figure 4). The median OS for
patients with tumor size < 4 cm, 4 cm < tumor size < 7 cm, 7 cm <
tumor size < 10 cm, and tumor size > 10 cm was 30.0, 25.0, 20.0,
and 16.0 months, respectively, in the Chinese cohort, and 43.0,
30.0, 23.0, and 19.0 months, respectively, in the SEER cohort.

Univariate and multivariate regression models were also
constructed (Table 3). In the Chinese cohort, univariate sur-
vival analysis revealed that poor MSKCC risk (P < 0.001),
tumor grade III/IV (P < 0.001), tumor size < 4 cm
(P = 0.0006), T3/4 stage (P < 0.001), lymph node metastasis
(P = 0.007), and clear cell pathological type (P < 0.001) were
significant prognostic factors for OS. Similar results
were observed in the SEER cohort: tumor grade III/IV
(P < 0.001), tumor size < 4 cm (P < 0.001), T3/4 stage
(P <0.001), and lymph node metastasis (P < 0.001). Moreover,
age (P <0.001) and marital status (P < 0.001) were also associated
with prognosis. In addition, we also fit a univariate Cox model,
including tumor size as a continuous variable, in the SEER cohort.
The results revealed that a 1 cm elevation in tumor size translated
into a 3.8% higher risk of death (hazard ratio [HR], 1.038; 95%
confidence interval [CI], 1.029-1.046—; P < 0.001).

After adjustment for the MSKCC prognostic factors
(P = 0.004), tumor grade (P = 0.082), T stage (P < 0.001),
N stage (P = 0.015), and pathological type (P = 0.065), multi-
variate Cox regression analysis showed that tumor size < 4 cm
(adjusted HR, 0.793; 95% CI: 0.587-0.998, P = 0.043) was an
independent protective factor in the Chinese cohort. In contrast,
after adjusting for age (P < 0.001), marital status (P < 0.001),
tumor grade (P < 0.001), T stage (P < 0.001), and N stage
(P < 0.001), in the SEER cohort, tumor size < 4 cm (adjusted
HR, 0.880; 95% CI: 0.654-0.987, P = 0.008) was also found to be
an independent protective factor.

Discussion

Although CN is a selective approach for mRCC, its value for
survival remains controversial. Primary tumor size, an impor-
tant clinical feature, is ignored in terms of the prognosis of
mRCC patients. In this study, we investigated the survival out-
comes of mRCC patients with small tumors (< 4 cm)

undergoing CN in a Chinese center and the SEER database.
The results revealed that a small primary tumor size was asso-
ciated with improved OS and was found to be an independent
protective factor in the multivariate analysis after adjustment.
We consider that primary tumor size should be carefully con-
sidered when preparing individual treatment schedules.

The primary tumor size is of marked importance in localized
kidney cancer'*™'® and is also one of the most essential factors in
the TNM stage,'® but its value in mRCC is neglected. DiNatale
et al investigated the impact of primary tumor size on survival in
patients with mRCC in MSKCC and IMDC cohorts who under-
went CN.? The results showed that in both the MSKCC and
IMDC cohorts, patients with tumor sizes < 4 cm had longer
OS than patients with tumor sizes > 4 cm (129 vs. 37 months,
P =0.004; 77 vs. 38 months, P = 0.004, respectively). Similarly,
in this study, we reviewed and analyzed mRCC patients who had
small tumor sizes (< 4 cm) and had undergone CN in a Chinese
cohort. We found that patients in the tumor size < 4 cm group
experienced longer OS (median, 30.0 vs. 24.0 months,
P = 0.026) than those in the tumor size >4 cm group. To confirm
these findings, we conducted a similar analysis in the SEER
cohort with 4403 patients who had undergone CN in the US.
Finally, the results demonstrated that patients with tumor sizes
< 4 c¢m had longer OS (median, 43.0 vs. 23.0 months, P < 0.001)
than patients with tumor sizes > 4 cm. In addition, in the sub-
group of different histological types, patients with clear cell and
papillary mRCC achieved a long survival time in the tumor size
< 4 cm group, while this difference was not significant in chro-
mophobe RCC patients. In the multivariate analysis, tumor size
< 4 cm was confirmed as a protective factor. Based on these
results, we consider that a small tumor size could constitute a new
candidate for the selection of CN when appropriate. To further
evaluate the value of the primary tumor size, we applied 4 cutoff
values to estimate the survival difference. The results showed that
the survival curve was close in patients with tumor sizes > 7 cm
who experienced shorter survival time, which suggested that
patients with tumor sizes > 7 cm undergoing CN may have
limited benefit. We also analyzed the tumor size as a continuous
variable in the SEER cohort and found that elevation of tumor
size was associated with a high risk of death.
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Table 3. Univariate and Multivariate Cox Regression Analysis of Clinical Factors in Patients With Metastatic Renal Cell Carcinoma.

SEER database

Chinese center

Multivariate

Univariate

Multivariate

Univariate

95% CI P Adjusted HR 95% CI P

HR

P

95% CI

Adjusted HR

95% CI

HR

Variable

< 0.001 1.012 1.008 -1.015 < 0.001

1.005 -1.012

1.008
0.937

0.374
0.466
0.181

0.989 0.967 -1.013

1.253

Age, continuous
Sex, male

0.090
< 0.001

0.869 -1.010

0.673-2.334

<0.001

0.798-0.923

0.858

0.807-0.934

0.868

3.854 0.534-27.821

1.085
2.458

Marital status, married
Tumor location, left

0.340

1.034  0.965 -1.108

0.715
< 0.001
< 0.001

0.699 -1.685

0.004
0.082

1.274-3.358
0.852-2.334
0.587-0.998
1.958-9.323
1.138-2.165

1.581
1.410
0.793

1.358-4.475

1.948-5.166
0.237-0.952

MSKCC score, poor

< 0.001

1.217 -1.427
0.654-0.987

1.318
0.880
1.240
1.723

< 0.001
< 0.001
<0.001
< 0.001

1.385 -1.614

1.495

3.172
0.475

Tumor grade, III/IV
Tumor size, < 4 cm
T stage, T3/4

N stage, N1

0.008
<0.001
< 0.001

0.652  0.567-0.749

1.520
1.865
1.053

0.043
<0.001

0.006
<0.001

1.142 -1.346
1.590 -1.866

1.408 -1.641

4.272

3.530-12.600
1.232-3.233

6.670

1.724-2.016

0.015

1.476
3412

0.007
< 0.001

1.996

0.130

0.762 -1.954

0.065

0.928-12.542

9.548  2.960-30.800

Pathology type, Clear cell

Abbreviation: MSKCC, Memorial Sloan Kettering Cancer Center.

In the targeted era, some scholars believe that a portion of
patients benefit from CN,'” while most scholars support the idea
that targeted therapy alone is sufficient in mRCC patients based
on the recently published CARMENA trial, showing that the
median OS in a sunitinib-alone group was longer than that in a
nephrectomy-sunitinib group (18.4% vs. 13.9%) in patients with
intermediate-risk or poor-risk disease.® However, this trial was
based on the MSKCC model and failed to include all related
factors. Many surgeons consider that CN should not be excluded,
and the use of CN should be decided on a per person basis and
follow individualized treatment schemes.'® Other factors, espe-
cially tumor-related factors, should be considered more compre-
hensively. Treatment decisions cannot be based only on the risk
prediction of the IMDC or MSKCC models. In the Chinese
cohort, we found that small tumor sizes were associated with
fewer metastatic sites, indicating that these patients may have a
lower tumor burden. Therefore, given that a small tumor size
carries a lower tumor burden and is associated with improved
OS, we hypothesize that it would be possible for tumor size to be
part of the MSKCC or IMDC score to screen for eligible patients
for CN or systemic treatment.

In this study, we also found that patients in the tumor size
< 4 cm group were less likely to exhibit high tumor grade,
T stage, and N stage. According to the literature, tumors are
commonly accompanied by intratumor heterogeneity,'**° and
the mechanism of early metastasis of small tumors is unclear.
This may serve as a possible reason for CN, that is, to further
clarify the specific extent of tumor malignancy in the specimen.
However, further exploration of this mechanism is required.
Interestingly, we also found that marital status was a protective
factor for OS in patients who had undergone CN in Western
populations from the SEER, which has also been reported in
other published papers.?’*> We considered that being single
could be indicative of poor quality of care. The medical commu-
nity should pay particular attention to the vulnerability of single
patients to assess the need for further treatment and research.

The present study had some limitations: First, its retrospective
nature and the fact that we included patients from different time
spans contributed to potential selection biases. Second, the SEER
database does not allow stratification according to the MSKCC
and IMDC classifications. The variables of specific metastases,
laboratory values, adjuvant therapy, and treatment of recurrent
disease were not complete or available in the SEER database.
The major strength of this study was the large sample size of
patients with mRCC who underwent CN. To the best of our
knowledge, this was the largest study to evaluate the impact of
tumor size on the OS of mRCC patients who have undergone CN.

In conclusion, mRCC patients with a primary tumor size < 4 cm
undergoing CN may have a favorable prognosis. Elevation in
tumor size may also be associated with a high risk of death. Small
tumor size may be a candidate when deciding to perform CN.
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