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Abstract

(RFS) and progression-free-survival (PFS) in RCC.

to heterogeneity.

median follow-up.

Background: Tumor necrosis (TN) correlates with adverse outcomes in numerous solid tumors. However, its
prognostic value in renal cell carcinoma (RCC) remains unclear. In this study, we performed a meta-analysis to
evaluate associations between TN and cancer-specific survival (CSS), overall survival (OS), recurrence-free survival

Methods: Electronic searches in PubMed, EMBASE and Web of Science were conducted according to the PRISMA
statement. Hazard ratios (HRs) and 95% confidence intervals (95% Cls) were calculated to evaluate relationships
between TN and RCC. A fixed- or random-effects model was used to calculate pooled HRs and 95%Cls according

Results: A total of 34 cohort studies met the eligibility criteria of this meta-analysis. The results showed that TN was

significantly predictive of poorer CSS (HR=1.37,95% Cl: 1.23-1.53, p < 0.001), OS (HR=1.29, 95% Cl: 1.20-1.40, p < 0.001),
RFS (HR=1.55,95% Cl: 1.39-1.72, p < 0.001) and PFS (HR =131, 95% Cl: 1.17-1.46, p < 0.001) in patients with RCC. All the
findings were robust when stratified by geographical region, pathological type, staging system, number of patients, and

Conclusions: The present study suggests that TN is associated with CSS, OS, RFS and PFS clinical outcomes of RCC
patients and may serve as a predictor of poor prognosis in these patients.
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Background

Renal cell carcinoma (RCC), the third most common
urologic tumor, accounts for 2-3% of all adult malignan-
cies [1], and its incidence has continuously increased
over the past few decades [2]. Although most RCC cases
are diagnosed at an early stage, approximately 20% of
patients undergoing curative nephrectomy will subse-
quently develop metastasis during the follow-up period
[3]. Due to the varying efficacy of adjuvant therapies in
RC, it is necessary to define more prognostic factors that

* Correspondence: jyrmyywb@163.com

Zhenlei Zha, Wei Qu and Hu Zhao contributed equally to this work.
'Department of Urology, Affiliated Jiang-yin Hospital of the Southeast
University Medical College, Jiang-yin 214400, People’s Republic of China
Full list of author information is available at the end of the article

K BMC

will allow identification of patients at high risk of recur-
rence who may benefit from such treatment.

Currently, TNM stage classification [4] and the
Fuhrman grade system [5] are the most important
factors affecting the prognosis of patients with RCC.
Additionally, several integrated prognostic models and
histologic characteristics have been studied for their
prognostic impact, including the American Joint
Committee on Cancer (AJCC) staging system [6],
International Society of Urologic Pathologists (ISUP)
[7] and Mayo Clinic Stage, Size, Grade and Necrosis
(SSIGN) Score [8], though these parameters are not
entirely reliable. Tumor necrosis (TN) is believed to
define regions of severe and chronic hypoxia, and
there is renewed interest in using TN to predict
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prognosis after tumor resection. However, the prog-
nostic impact of TN in RCC remains controversial,
and there is increasing debate on whether TN can
provide any additional information beyond grade and
stage [9].

Hence, to further clarify the prognostic value of TN in
RCC, we performed a systematic review and meta-analysis
of the available published literature to evaluate whether the
presence of TN has a prognostic impact on cancer-specific
survival (CSS), overall survival (OS), recurrence-free survival
(RES) and progression-free-survival (PES) in RCC patients.

Methods

Literature search strategy

According to the PRISMA guidelines [10], a comprehen-
sive literature search was conducted using the electronic
databases of PubMed, EMBASE and Web of Science up to
April 2018. The MeSH terms and full text terms adopted
were as follows: “kidney neoplasms”, “renal cell cancer”,
“renal cell carcinoma”, “necrosis”, “tumor necrosis”, “prog-
nosis”, “prognostic outcome”, “survival outcome”, “onco-

logic outcome” and their combinations. We also manually
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searched the reference lists of reviews, meta-analyses, and
selected research articles to identify other “gray literature”.
The language of the publications was restricted to English.

Inclusion and exclusion criteria

Eligible studies were selected only if they met the fol-
lowing criteria: (i) RCC and TN were pathologically
confirmed, with all patients undergoing surgical resec-
tion; (ii) the potential prognostic value of TN for
CSS, OS, RFS and PFS were reported; (iii) the authors
categorically reported hazard ratios (HRs) and 95%
confidence intervals (95%Cls), or they could be com-
puted from the given data. Studies were excluded if
the following criteria were met: (i) animal models or
cancer cell lines were used; (ii) reviews, letters, com-
mentaries, case reports and non-original articles; (iii)
TN, clinical features and survival outcome were not
analyzed; (iv) lacking sufficient data to acquire HRs
and 95%ClIs; (v) not in English. Additionally, when
duplicate articles were found, only the most infor-
mative and recent article was adopted.

Removed repated reports (n=1,563)

Excluded on the baisi of abstract
=845)

= 16 meeting abstracts

= 27 review articles

=31 letter

= 62 case reports and authors reply

= 162 non human .

= 447 obviously does not meet the requirements

Excluded upon the tull research
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= 169 without enough extratable data
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Fig. 1 Diagram of the literature search used in this meta-analysis
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Data extraction and quality assessments

Two investigators independently extracted data of eligible
studies using a standardized form for the following infor-
mation: author identification, year of publication, country,
period of recruitment, study design, age of patients,
gender ratio, sample size, follow-up time, study design, in-
terpretation of TN, histology and survival end point. For
HRs and 95% Cls, multivariate analysis data were prefer-
entially adopted. If these data were not available, then uni-
variate analysis of survival outcomes was extracted
instead. All discrepancies between the investigators
reached a consensus through discussion. The methodo-
logical quality of the included cohort studies was assessed
using the Newcastle-Ottawa scale (NOS) [11]. Each study
was assessed using 8 methodology items in 3 domains
with a score ranging from 0 to 9. High scores indicated
high quality, a study with a score > 6 was regarded as high
quality, a score < 6 was regarded as low quality.
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Statistical analysis

Statistical analyses were performed using Stata 12.0 soft-
ware (Stat Corp, College Station, TX, USA). Dichotomous
variables were calculated using HRs, and pooled HRs with
95% CI were used to evaluate the association of TN with
RCC prognosis (CSS, OS, RES and PES). A heterogeneity
test of the pooled HR was conducted using a
Chi-square-based Q test and Higgins I statistic. When I
<50% or Phreterogeneity > 0.1, no obvious heterogeneity
existed among the studies, and the fixed-effects (FE)
model would be applied; otherwise, the random-effects
(RE) model was applied. To obtain a more precise evalu-
ation of heterogeneity, subgroup analysis was performed
for CSS, OS and REFS based on geographical region, patho-
logical types, staging system, No. of patients and median
follow-up. Publication bias was examined using funnel
plots and Egger’s linear regression test. Additionally,
sensitivity analysis was used to estimate the robustness of

N
. Study % Study %
. .
1D HR (95% CI) Weight D HR (95% CI) Weight
Gershman (2017) — 1.42 (1.09, 1.85) 5.21 i
Chen (2017) e 1.24 (0.94,1.62) 5.12 Xa (2017) - 154(1.24,190) 623
Volpe (2016) ——— 2.05(1.15,3.64) 2.43 Wu (2017} = LR1R6:100) 64D
Byun (2016) —— 1.02 (0.75, 1.40) 4.60 Niu (2017) ——— 156(115,212) 415
Tornberga (2016) —— 1.35(1.00, 1.81) 4.82 Kim (2017) 4+ 185(0.96,356)  1.27
Schiavina (2015) - 1.42 (1.16, 1.76) 5.85 Gu (2017) — 1.27 (1.07, 1.50) 7.44
Cornejo (2015) & 1.63 (1.01,2.65) 3.04 Gershman (2017) —_— 149(1.17,189) 555
Can (2014) — 1.08 (0.60, 1.95) 2.35 NguyenHoang (2016) : 135(1.01,1.81) 443
Teng (2014) i 1.65(1.10,2.49) 3.64 Errarte (2016) _— 140(1.05,187) 444
Oliveira (2014) —_— 1.61(0.70,3.71) 1.39 K 1076 : ST 6o
Pichler (2013) —— 1.34 (1.09, 1.65) 5.87 ' ! ’
Kruck (2013) — 1.24 (0.97,1.59) 543 Comejo (2015) T 119(090,159) - 452
Fukatsu (2013) —t—— 1.20 (0.78, 1.84) 3.48 Park (2014) | fageseiee) 400
Sukov (2012) —— 1.31(0.98, 1.74) 4.95 Kruck (2013) - 109(092,130)  7.38
'
Leibovich (2010) : 1.81(1.71,1.91) 7.29 Pichler (2013) -= ! 101087,117) 826
Katz (2010) - 1.03 (0.85, 1.26) 5.99 Chang (2011) - 152(118,19) 524
: '
Roos (2009) — 1.04 (0.72, 1.51) 4.00 Katz (2010) b o 108(0.96,121) 920
Coons (2009) e 1.61(1.21,2.14) 4.98 Coons (2009) — 161(121,2.14) 461
Ramsey (2008) i 353(1.43,8.72) 1.23 Bz 500} e TR #5
Pflanz (2008) i 1.29(1.05,1.57) 5.98 Overall (l-squared = 57.6%, p = 0.002) <> 1.29 (1.20, 1.40) 100.00
Lee (2006) ' 1.74 (1.46,2.09) 6.19 y
Lam (2005) o 1.16 (0.97,1.39) 6.17 NOTE: Weights are from random effects analysis :
Overall (I-squared = 76.5%, p = 0.000) & 1.37 (1.23, 1.53) 100.00 o ! i
v :
NOTE: Weights are from random effects ana_I)‘sis}
T T
415 1 872
sty %
suay %
o e weint
o e e
o o — iz e
oren (2017) —t RTTArT 178 !
' Xia (2017) —————— 16030204 237
Naupenoang (2018 — - 10 1543 !
! Kim (2017)  ——_——— A ) 819
Chang (2016) —_—— 185 (141.242) 1620 !
Hhuang (2015) | S 150(088,228) o o o —a— 1220 140 o
Teng (201 —_— 1aa 108,190 e oak cantt) I S 118 088,150 52
Coons (2008) _— 1700118.249 ™ ;
: s (2009 _ 1218 os
Ramsey (2008 : 22103835 sor :
- oo ] i - P — <> ST s
| T T
22
T T
i 8
Fig. 2 a Forest plots of studies evaluating the association between TN and CSS outcomes in RCC patients. b Forest plots of studies evaluating
the association between TN and OS outcomes in RCC patients. ¢ Forest plots of studies evaluating the association between TN and RFS
outcomes in RCC patients. d Forest plots of studies evaluating the association between TN and PFS outcomes in RCC patients




Zhang et al. BMC Cancer (2018) 18:870 Page 8 of 13

Table 3 Summary and subgroup analysis for the eligible studies

Analysis No. of Study heterogeneity Effects Pooled p-Value
specification studies P (%) P, ] model HR(95% Cl)
eterogeneity
CSS
Overall 22 76.5 <0.001 Random 1.37(1.23,1.53) < 0.001

Geographical region

Asian 7 51.7 0.053 Random 1.34(1.12,1.59) 0.001

Other regions 15 80.8 <0.001 Random 1.40(1.22,1.60) < 0.001
Pathological types

ccRCC 6 0 0.775 Fixed 1.34(1.15,1.55) <0.001

Other types 16 81.7 <0.001 Random 1.38(1.22,1.58) < 0.001
Staging system

2010 AJCC 8 0 0.981 Fixed 1.30(1.17,1.44) <0.001

Other system 14 823 <0.001 Random 1.42(1.23,1.64) < 0.001
No. of patients

2300 13 82 <0.001 Random 1.39(1.21,1.61) <0.001

<300 9 154 0.301 Fixed 1.33(1.16,1.51) <0.001

Median follow-up

240 months 12 833 <0.001 Random 1.36(1.16,1.60) <0.001
<40 months 9 30.2 0177 Fixed 1.33(1.16,1.51) <0.001
0S
Overall 17 576 0.002 Random 1.29(1.20,1.40) <0.001
Geographical region
Asian 9 30.2 0177 Fixed 1.38(1.25,1.51) < 0.001
Other regions 8 586 0.017 Random 1.20(1.09,1.34) <0.001
Pathological types
ccRCC 8 488 0.057 Random 1.33(1.19,1.49) < 0.001
Other types 9 62.7 0.006 Random 1.26(1.13,1.41) <0.001
Staging system
2010 AJCC 10 63.6 0.003 Random 1.30(1.17,1.44) < 0.001
Other system 7 53.1 0.046 Random 1.30(1.14,1.47) <0.001
No. of patients
2300 8 67.5 0.003 Random 1.25(1.12,1.39) < 0.001
<300 9 29.2 0.185 Fixed 1.35(1.22,1.49) <0.001

Median follow-up

240 months 13 62.6 0.001 Random 1.27(1.16,1.39) <0.001
<40 months 4 0 0412 Fixed 1.37(1.20,1.56) <0.001

RFS
Overall 9 356 0.133 Fixed 1.55(1.39,1.72) <0.001

Geographical region

Asian 6 427 0.12 Fixed 1.48(1.31,1.66) < 0.001

Other regions 3 0 0.684 Fixed 1.87(1.41,2.37) <0.001
Pathological types

ccRCC 4 0 0541 Fixed 1.61(1.40,1.86) <0.001

Other types 5 575 0.051 Random 1.46(1.25,1.71) < 0.001

Staging system
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Table 3 Summary and subgroup analysis for the eligible studies (Continued)
Analysis No. of Study heterogeneity Effects Pooled p-Value
specification studies P (%) Preterogencity model HR(95% Cl)
2010 AJCC 5 54 0.069 Random 148(1.31,1.69) <0.001
Other system 4 0 0.483 Fixed 1.69(1.40,2.04) <0.001
No. of patients
=300 4 0 0.702 Fixed 1.57(1.35,1.83) <0.001
<300 5 634 0.027 Random 1.52(1.32,1.76) <0.001
Median follow-up
2> 40 months 6 0 0.758 Fixed 1.62(1.43,1.84) <0.001
<40 months 3 753 0.018 Random 1.39(1.16,1.68) 0.001
PFS
Overall 5 329 0.202 Fixed 131(1.17,146) <0.001
Pathological types
ccRCC 2 67.8 0.078 Random 144(1.20,1.71) <0.001
Other types 3 0 0.6 Fixed 1.23(1.07,141) 0.004
Staging system
2010 AJCC 2 76.3 0.04 Random 1.35(1.18,1.54) <0.001
Other system 3 0 0.582 Fixed 1.22(1.01,1.48) 0.036

the results via sequential omission of individual studies. A
p value of < 0.05 was considered to indicate significance.

Results

Search and eligible studies

A diagram of the selection process is shown in Fig. 1. Ac-
cording to the search strategy, 2715 articles were retrieved
from the electronic databases. By excluding 1563 duplicate
reports, 1152 articles were considered potentially relevant
based on screening of the titles and abstracts. The
remaining articles were further excluded upon full-text
review for several reasons, such as a lack of sufficient data
to estimate HRs or duplicate publication in repeated co-
horts. Ultimately, 34 studies [3, 12—44] that focused on
the association between RCC and TN were included for
meta-analysis. The outcomes were CSS in 22 studies, OS
in 17 studies, RFS in 9 studies and PFS in 5 studies.

Characteristics of the included studies

The main characteristics of the 34 eligible studies are
listed in Table 1. All of the studies were published between
2005 and 2017, with a mean duration of follow-up varying
from 11.7 to 102 months. The present meta-analysis was
based on a total sample size of 14,084 patients, ranging
from 59 to 3062 patients. The NOS was applied to assess
the methodological quality of the included studies, and
the results showed that all studies were of high quality
(Additional file 1: Table S1). All of the included studies
were based on data for retrospective analyses of survival
(CSS, OS, RFS, PFES). The characteristics, including tumor

features and pathologic outcomes, are summarized in
Table 2. TN was detected in 31.6% (4452/14,084) of the
pathological specimens from the included patients. A total
of 13 of the included studies were limited to clear cell
renal cell carcinoma (ccRCC), whereas 21 studies involved
various tumor types, including ccRCC, papillary renal cell
carcinoma, chromophobe renal cell carcinoma and un-
classified tumor.

Prognostic value of TN for survival outcome

The present meta-analysis demonstrated that TN in RCC is
associated with poor CSS (RE HR = 1.37, 95% CI: 1.23-1.53,
<0001, P =765%, Pheerogencity < 0.001; Fig. 2a), OS (RE
HR =1.29, 95% CI: 1.20-1.40, p < 0.001, P =57.6%, Pheero-
geneity = 0.02; Fig. 2b), RFS (FE HR = 1.55, 95% CI: 1.39-1.72,
<0001, I* =35.6%Pheterogencity = 0.133; Fig. 2c) and PFS
(FE HR=131, 95% CI 1.17-146, p<0001, I* =32.9%,
Pheterogeneity = 0.202; Fig. 2d). To explore the source of
heterogeneity for CSS, OS and RFES, subgroup analysis was
conducted according to geographical region (Asia vs. other
regions), pathological type (ccRCC vs. other types), staging
system (2010 AJCC vs. other system), No. of patients (>
300 vs. <300) and median follow-up (> 40 months vs. <
40 months). The results of this subgroup analysis again sug-
gested that TN is a prognostic factor, despite heterogeneity
among some groups (Table 3). Notably, heterogeneity for
CSS, OS and RFS was significantly decreased in some
models, such as geographical region in Asia, ccRCC patho-
logical type, 2010 AJCC staging system and > 300 cases.
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Sensitivity analyses and publication bias

In sensitivity analysis excluding one study at a time, the
pooled HR for CSS ranged from 1.29 (95% CI: 1.19-1.39)
to 1.37 (95% CIL: 1.22-1.54) (Additional file 2: Figure S1).
Similarly, the pooled HR for OS ranged from 1.27 (95% CIL:
1.17-1.37) to 1.31 (95% CL: 1.21-1.42) (Additional file 3:
Figure S2), that for RFS from 1.52 (95% CI:1.32-1.76) to
1.66 (95% CI: 1.47-1.86) (Additional file 4: Figure S3), and
that for PFS from 1.21 (95% CIL:1.07-1.38) to 1.35 (95% CI:
1.12-1.63) (Additional file 5: Figure S4). These results indi-
cate that the findings were reliable and robust. Although no
statistical evidence of publication bias was observed for RFS
(p-Egger = 0.135, Fig. 3c) and PFS (p-Egger = 0.932, Fig. 3d),
publication bias was observed for CSS (p-Egger = 0.006,
Fig. 3a) and OS (p-Egger = 0.001, Fig. 3b).

Discussion

RCC is the most common solid lesion of the kidney, and
more than 40% of patients die from this type of cancer [2].
Despite significant improvements in systemic therapy for
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RCC, the prognosis of patients with RCC and treatment
response rates have not substantially increased [17, 42,
44]. Although several pathologic parameters, including
lymphatic vessel invasion [45], tumor fat invasion [26] and
primary tumor size [43], provide independent prognostic
information, the likely outcome for an individual patient
remains uncertain. The TNM stage and Fuhrman grade
system are the most widely used approaches for RCC;
however, there have been many recent suggestions for
modifications based on survival trends in large case series
[46]. Additionally, RCC is a highly heterogeneous disease
with different clinical presentations and characteristics
that remain somewhat unpredictable [47]. Therefore, it is
essential to optimize the treatment and prognosis of RCC
and to provide better counseling for each RCC patient.
The presence of TN in pathologic specimens may re-
flect the tumor biology and may also provide additional
useful prognostic information. As TN results from rapid
tumor proliferation and consequent outgrowth of the
blood supply [41], histologic TN has been proposed to
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be a sign of tumor aggressiveness that generally leads to
poor clinical outcomes [48]. Previous studies have inves-
tigated the association of TN with various solid tumors,
including breast cancer [49], colorectal cancer [50] and
lung cancer [51]. Indeed, there is renewed interest in
using TN, which can be assessed in every routine patho-
logical examination without additional costs, to more ac-
curately predict the clinical outcome of RCC. For
example, Khor et al. [20] and Ito et al. [48] reported that
TN is strongly associated with poor survival and should
serve as an independent prognostic factor for patients
with RCC. Nonetheless, some studies have shown that
the presence of any TN is a negative predictor of sur-
vival in RCC [52, 53].

To our knowledge, the present study is the first
meta-analysis on the association between TN and clin-
ical outcomes of different types of RCC. In this analysis,
14,084 RCC patients were included from 34 cohort stud-
ies, and TN was detected in 31.6% of 4452 RCC patients.
Robust evidence obtained from sensitivity analysis dem-
onstrated that the presence of TN was associated with
poor outcomes in terms of CSS (HR =1.37, p<0.001),
OS (HR=1.29, p<0.0 01), RES (HR=1.55, p<0.001)
and PFS (HR=1.31, p<0.001) in patients with RCC.
These findings were consistently independent of geo-
graphical region, pathological type, staging system, No.
of patients and median follow-up. Although there was
no evidence of heterogeneity in terms of CSS or PES,
significant heterogeneity was detected in analyses of OS
and RFS models. To further explore the source of
heterogeneity in OS and RES, subgroup analysis was
conducted, and the data showed that significant varia-
tions were reduced in OS and RFS within some items.

Notably, the present study has several limitations. First,
all the included studies were retrospective cohort studies,
and data extracted from those studies may have led to in-
herent potential bias. Second, the criteria for determining
the presence of TN in a pathologic specimen were incon-
sistent in the included studies, which may contribute to
heterogeneity. Thus, rigorous morphological criteria
should be used to standardize the diagnosis of TN. Third,
we only included published studies written in English, and
the lack of “gray literature” may cause selection bias.
Fourth, substantial heterogeneity was observed in
meta-analysis of CSS and OS, and although we selected
the RE model according to heterogeneity, this diversity
remained. Using subgroup analysis, we propose that the
heterogeneity likely reflected differences in factors, such
as patient and tumor characteristics. Fifth, a statistical
publication bias was observed for CSS and OS according
to Egger’s test. In general, studies with negative results
tend not to be submitted or published; therefore, a certain
degree of publication bias was observed in the present
study. Finally, it should be noted that factors, including
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age, sex, histology type and surgical method, that may
affect survival outcomes were adequately controlled.

Nevertheless, the present study has several key
strengths. First, the meta-analysis included 34 studies
with large sample sizes, with the ability to detect more
stable associations between TN and clinical outcomes of
RCC patients. Second, with strict inclusion and exclu-
sion criteria, we extracted available data from relevant
studies. Furthermore, through subgroup and sensitivity
analyses, the results were reliable and robust. Therefore,
TN determination, with excellent accessibility and low
costs, warrants wider application in patients with RCC
for risk stratification and decision-making of individua-
lized treatment.

Conclusions

In conclusion, the results of the present meta-analysis de-
monstrate that TN in histopathology is associated with
poor CSS, OS, RES and PFS in patients with RCC. Due to
the limitations of the present study, large-scale, multicenter
prospective studies with long-term follow-up are needed to
verify these results.
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