Sarcomatoid component and renal cell carcinoma

Figure 3. The hazard ratio of the sarcomatoid component associated with progression-free survival in renal cell

carcinoma patients.

Figure 4. The hazard ratio of the sarcomatoid component associated with cancer-specific survival in renal cell car-

cinoma patients.

Table 4. HR values of OS of RCC subgroups depended on cutoff value

Correlation of the sar-

Cutoff Value (%) Studies HR  95% Cl Pvalue Model Chi? I2, Pvalue
<20 n=1 220 1.10-4.41 0.03 Fixed

=20 n=6 2.18 1.64-2.90 <0.00001 Fixed 4.54,0%, 0.47
<25 n=2 1.73 0.99-3.04 0.05 Fixed 1.33,25%, 0.25
>25 n=5 233 1.73-3.14 0.0002 Fixed 2.37,0%, 0.67
<50 n=5 195 1.37-2.78 0.0002 Fixed 3.31, 0%, 0.51
>50 n=2 251 1.69-3.73 <0.00001 Fixed 0.37,0%, 0.54

Fixed: Fixed, Inverse Variance model; HR: hazard ratio; 1% I-squared.

comatoid component
with OS, PFS, and CSS
in RCC

Of the 16 studies in-
vestigating the associa-
tion between the sarco-
matoid component and
0S, 7 involved Asian

included in our meta-analysis are shown in
Table 3.

The presence/high percentage of the sarcoma-
toid component was defined by a pathologist.
The sarcomatoid component that was present
or at a high percentage was considered to be
positive and those that were absent or at a low
percentage were considered to be negative.
The cut-off value to distinguish a high percent-
age of the sarcomatoid component from a low
percentage of the sarcomatoid component was
set from 10% to 50%.
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patients (n = 3473) and

9 involved non-Asian
patients (n = 20606). The overall HR and 95%
Cl for RCC patients was 1.91 (95% CI 1.54-
2.38, P <0.00001, n =24079), with significant
heterogeneity (1> = 64%, P = 0.0003; Table 3
and Figure 2). Subgroup analyses demonstrat-
ed that a significant association in both Asian
and non-Asian patients (HR = 2.42, 95% ClI
1.89-3.10, P < 0.00001 and HR = 1.60, 95% ClI
1.18-2.16, P = 0.002, respectively). Next, sub-
group analyses also showed that the risk was
also significant in both metastatic and non-
metastatic patients (HR = 1.84, 95% CI 1.21-
2.77, P = 0.004 and HR = 1.44, 95% Cl 0.85-
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Figure 5. Cutoff value > 20% and cutoff value < 20%. The hazard ratio of the sarcomatoid component associated
with overall survival in all renal cell carcinoma patients subgroup.

2.43, P <0.00001, respectively). Moreover, our
analyses revealed that the sarcomatoid com-
ponent was an independent prognostic factor
for RCC treated with target therapy and immu-
notherapy (HR = 1.83, 95% Cl 1.10-3.03, P =
0.02; and HR = 2.83, 95% Cl 1.48-5.40, P =
0.002, respectively).

The pooled HR and 95% CI for PFS provided in
nine studies was 2.04, 95% Cl 1.45-2.87, P <
0.00001, with heterogeneity (1> = 76%, P <
0.00001; Table 3 and Figure 3). Subgroup anal-
yses indicated that the risk was significant in
Asian patients (HR = 2.31, 95% Cl 1.82-2.91, P
< 0.00001) with heterogeneity (1> = 18%, P =
0.30), but not in non-Asian patients (HR = 1.47,
95% Cl 0.58-3.73, P = 0.41), with significant
heterogeneity (17 = 89%, P = 0.0002). Further
subgroup analysis indicated that the risk was
significant in metastatic patients (HR = 1.86,
95% Cl 1.19-2.89, P = 0.006) with heterogene-
ity (12 = 79%, P = 0.0003), but not in non-meta-
static patients (HR = 1.57, 95% CI 0.97-2.54, P
= 0.067).

The pooled HR and 95% CI for CSS provided in
ten studies was 1.87, 95% Cl 1.48-2.37, P <
0.00001, with significant heterogeneity (1> =
77%, P < 0.00001; Table 3 and Figure 4). Su-
bgroup analyses demonstrated that the sig-
nificant statistical differences in both Asian
and non-Asian patients (HR = 1.63, 95% CI
1.24-2.15, P = 0.0005 and HR = 1.96, 95% CI
1.46-2.63, P < 0.00001, respectively). Another
subgroup analysis showed that the risk was
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also significant in both metastatic and non-
metastatic patients (HR = 2.30, 95% Cl 1.97-
2.67,P <0.00001and HR = 1.81, 95% Cl 1.23-
2.64, P =0.002, respectively).

Correlation of the sarcomatoid component
with OS in RCC using different cut-off values

Subgroup analysis demonstrated that the risks
between the sarcomatoid component and 0S
were not significant using different sarcoma-
toid component cut-off values (20%, 25%,
50%). The pooled HRs and 95% Cls were as fol-
lows: 2.20 (95% Cl 1.10-4.41) vs. 2.18 (95% ClI
1.64-2.90) for a cut-off value of 10%, 1.73
(95% C1 0.99-3.04) vs. 2.33 (95% Cl 1.73-3.14)
for a cut-off value of 25%, and 1.95 (95% CI
1.37-2.78) vs. 2.51 (95% ClI 1.69-3.73) for a
cut-off value of 50% with significant heteroge-
neities (Table 4 and Figures 5-7).

Association between a high level of the sarco-
matoid component and the clinicopathological
characteristics of RCC

In this meta-analysis, clinicopathological fea-
tures such as gender, tumor stage, Fuhrman
grade, and metastatic status, as impacted by
the presence of the sarcomatoid component,
were compared on the basis of the 23 studies.
The results of the meta-analysis showed signifi-
cant associations between the sarcomatoid
component and higher tumor stage (T3-4) and
Fuhrman grade (G3-4); the combined ORs and
95% Cls were as follows: OR = 2.09, 95% CI
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Figure 6. Cutoff value > 25% and cutoff value < 25%. The hazard ratio of the sarcomatoid component associated
with overall survival in all renal cell carcinoma patients subgroup.
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Figure 7. Cutoff value > 50% and cutoff value < 50%. The hazard ratio of the sarcomatoid component associated
with overall survival in all renal cell carcinoma patients subgroup.

1.30-3.37, P =0.002; OR =9.31, 95% CI 5.30-
16.35, P < 0.00001, respectively (Table 5).

Publication bias

Publication bias detection was conducted by

There was no significant association between performing the Egger test and the Begg test

the sarcomatoid component and gender (male
vs. female) or metastatic status (metastatic vs.
non-metastatic); the combined ORs and 95%
Cls were OR = 0.86, 95% Cl 0.64-1.16, P=0.32
and OR = 1.02, 95% Cl 0.73-1.43, P = 0.89,
respectively (Table 5).
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in 0S. The results show that no significant
publication bias was observed. The funnel
plot is shown in Figure 8 (Pbegg = 0.692,
Pegger = 0.939), which indicated that the
results of our OS analyses were relatively sta-
ble and credible.
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Table 5. OR values for the RCC subgroups according to clinical characteristics

Outcome of interest Studies Patients OR 95% CI Pvalue Model H(?terogenelty
(n) Chi2, 12, P value
Gender (Male vs. Female) 4 885 0.86 0.64-1.16 0.32 Fixed 0.69, 0%, 0.88
T1-2vs. T34 4 427 2.09 1.30-3.37 0.002 Fixed 3.65, 18%, 0.30
G1-2 vs. G3-4 3 1903 9.31 5.30-16.35 <0.001 Fixed 2.33,14%, < 0.001
Metastatic vs. Non-metastatic 4 793 1.02 0.73-1.43 0.89 Fixed 0.79, 0%, 0.85

Cl: confidence interval; Fixed: fixed, inverse variance model; I% I-squared; OR: odds ratio; RCC: renal cell carcinoma.
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Figure 8. Funnel plots were used to evaluate publication bias on overall sur-
vival. A. Begg's test was not significant intending no significant bias was ob-
served on overall survival. B. It showed no publication bias on overall survival

in Egger’s test.

Discussion

Numerous researchers have reported various
results relating the sarcomatoid component to
RCC. However, to date, no meta-analysis had
been performed for the studies evaluating the
sarcomatoid component as a prognostic mark-
er in RCC.

In this meta-analysis, our results have several
important implications. First, RCC patients with
the sarcomatoid component had a lower sur-
vival rate. Second, the sarcomatoid component
was strongly associated with the tumor stage
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and Fuhrman grade in RCC
patients. Third, high-risk pa-
tients, especially those with
the sarcomatoid component,
should receive targeted the-
rapy or immunotherapy. Four,
the adverse effect of the sar-
comatoid component on 0OS
showed similar results using
these three recommended
cut-off values. Our analysis
helps to elucidate the results
of individual studies that are
related to the hypothesis that
the sarcomatoid component
is a prognostic factor for RCC,
in addition to the identifica-
tion of high-risk subgroups
of patients for whom specific-
or adjuvant-therapy may be
beneficial.

In addition, subgroup analysis
15 in this study showed that the
presence/high level of the
sarcomatoid component indi-
cated a poorer outcome in
Asian RCC patients compared
with non-Asian patients (HR =
2.42, 95% Cl 1.89-3.10 vs.
HR = 1.60, 95% Cl 1.18-2.16 for OS). However,
the other subgroup analysis in this study
showed that the presence/high level of the sar-
comatoid component indicated a better out-
come in Asian RCC patients compared with
non-Asian patients (HR = 1.63, 95% CI 1.24-
2.15vs. HR = 1.96, 95% CI 1.46-2.63 for CSS).
Furthermore, subgroup analyses indicated that
the risk was significant in Asian patients (HR =
2.31, 95% Cl 1.82-2.91, P < 0.00001) but not
in non-Asian patients (HR = 1.47, 95% CI 0.58-
3.73, P =0.41). To date, there has been no con-
sensus regarding the significance of the sarco-
matoid component in Asian versus non-Asian
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RCC patients. Although future validation and
investigations are needed, these data may pro-
vide new insights into the biological aggressive-
ness of RCC in Asian versus non-Asian patients.
With regard to the metastasis status, subgroup
analyses indicated that the risk was significant
in metastatic patients (HR = 1.86, 95% Cl 1.19-
2.89, P = 0.006) but not in non-metastatic
patients (HR = 1.57, 95% CI 0.97-2.54, P =
0.067). Furthermore, subgroup analysis in this
study showed that the presence/high level of
the sarcomatoid component indicated a poorer
outcome in metastatic RCC patients compared
with non-metastatic RCC patients (HR = 1.84,
95% Cl 1.21-2.77 vs. HR = 1.44, 95% CI 0.85-
2.43 for OS and HR = 2.30, 95% CI 1.97-2.67
vs. HR = 1.81, 95% CI 1.23-2.64 for CSS). A
hypothesis to explain this result at least par-
tially may be that metastatic RCC is more likely
to have the sarcomatoid component.

The biological mechanism of the sarcomatoid
component can explain its prognostic signifi-
cance in RCC. Sarcomatoid components are
observed in 5% of tumor in RCC but only amo-
ng individuals who develop stage IV disease
that have sarcomatoid histologic features; the
sarcomatoid component can be observed in
15% of tumor [40, 41]. Sarcomatoid is a term
that is used to describe morphologic altera-
tions within an RCC tumor similar to sarcomas
with features such as elongated, spindle mes-
enchymal cells, high cellularity and pleomor-
phism and that can be recognized in associa-
tion with various histologic types of RCC [40,
42]. Recently, the epithelial-mesenchymal tran-
sition (EMT) has been proposed as a potential
mechanism for the development of the sarco-
matoid component in RCC. Once EMT is estab-
lished, the loss of E-cadherin, the release of
B-catenin into the cytoplasm, and the increased
expression of snail and secreted protein acidic
rich in cysteine (SPARC) occurred in the sarco-
matoid components. It is proposed that the
acquisition of the mesenchymal function such
as increased motility enables sarcomatoid
renal cell carcinomas (SRCC) to be present at
higher stages of diagnosis, implying a more
aggressive phenotype [43-45]. Some evidence
suggests that NF2 (19.2%), CDKN2A (26.9%),
VHL (34.6%), and TP53 (42.3%) were the most
frequently altered genes in SRCC. A compari-
son of SRCC and non-SRCC cohorts identified
an increased frequency of TP53 and NF2 muta-
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tions in the SRCC cohort [46]. TP53 mutations
may link EMT and sarcomatoid transformation
because loss of p53 can decrease the expres-
sion of miR-200c¢, which contributes to EMT
[47]. In addition, (SET domain containing 2)
SETD2, polybromo 1 (PBRM1), (phosphatase
and tensin homolog) PTEN, AT-rich interaction
domain 1A (ARID1A), and BRCA1 associated
protein 1 (BAP1) were the most frequently
altered genes in the SRCC. Deficiency of BAP1
and ARID1A has been associated with higher
tumour grade, poorer prognosis, and a higher
incidence of sarcomatoid histology [48-50].

Mutations in other members of the FAT family,
including FAT1 and FAT3, were also found in
SRCC. FAT proteins are shown to play multiple
roles in cancer cell proliferation, motility, signal-
ling, polarity, and adhesion, and mutations are
involved in many cancers [50-52]. FAT1 loss
can promote WNT signalling, a critical regulator
of EMT [53]. Finally, studies suggest that PD-1
and PDL-1 have also been found to exhibit
greater expression in RCC with the sarcomatoid
component, raising the possibility that RCC
may exhibit poor responses to immunotherapy
[54].

Several limitations of this study need to be
acknowledged. The cut-off values for the per-
centage of the sarcomatoid component also
differed. Moreover, variations among the stud-
ies in other clinical factors, such as race, age,
and treatment methods, might have led to bias.
Non-English studies, unpublished studies, and
studies that did not provide sufficient data to
calculate HRs did not contribute to assessing
the predictive value of the sarcomatoid compo-
nent for survival. These approaches may have
produced errors because of possible inaccu-
rate reading. Finally, of the 23 selected studies
including 27856 cases in this meta-analysis,
only some were used in the subgroup analysis
of survival, but several lacked data and could
not be used. Therefore, better-designed and
large-scale trials should be performed to con-
firm these findings.

Conclusions

To our knowledge, this is the first study to find
that the sarcomatoid component can risk strat-
ify patients with RCC using formal statistical
methodology. Our meta-analysis has demon-
strated that the sarcomatoid component has a
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detrimental effect on survival and clinicopatho-
logical features in RCC and could serve as an
independent prognostic factor of OS, PFS, and
CSS. Therefore, it may also be used to identify
RCC patients who need further adjuvant
therapies.
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