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ABSTRACT

Objectives This study aimed to assess the accuracy of CT
texture analysis (CTTA) for differentiating low-grade and
high-grade renal cell carcinoma (RCC).

Design Systematic review and meta-analysis.

Data sources PubMed, Cochrane Library, Embase, Web of
Science, OVID Medline, Science Direct and Springer were
searched to identify the included studies.

Eligibility criteria for including studies Clinical studies
that report about the accuracy of CTTA in differentiating
low-grade and high-grade RCC.

Methods Multiple databases were searched to identify
studies from their inception to 20 October 2021. Two
radiologists independently extracted data from the
primary studies. The pooled sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood ratio
(NLR) and diagnostic OR (DOR) were calculated to assess
CTTA performance. The summary receiver operating
characteristic (SROC) curve was plotted, and the area
under the curve (AUC) was calculated to evaluate the
accuracy of CTTA in grading RCC.

Results This meta-analysis included 11 studies, with
1603 lesions observed in 1601 patients. Values of the
pooled sensitivity, specificity, PLR, NLR, DOR were 0.79
(95% Cl 0.73 to 0.84), 0.84 (95% Cl 0.81 t0 0.87), 5.1
(95% Cl 4.0 to0 6.4), 0.24 (95% Cl 0.19 to0 0.32) and 21
(95% CI 13 to 33), respectively. The SROC curve showed
that the AUC was 0.88 (95% Cl 0.84 to 0.90). Deeks’ test
found no significant publication bias among the studies
(p=0.42).

Conclusions The findings of this meta-analysis suggest
that CTTA has a high accuracy in differentiating low-grade
and high-grade RCC. A standardised methodology and
large sample-based study are necessary to certain the
diagnostic accuracy of CTTA in RCC grading for clinical
decision making.

INTRODUCTION

Renal cell carcinoma (RCC) is one of the most
common malignancies of the urinary system.
However, among the main determinants of
RCC prognosis, nuclear grading of carcinoma
is widely recognised as an important inde-
pendent factor." According to the Fuhrman
grading system (FGS), RCC is divided into
grades I-IV.*> Previous studies have shown

Strengths and limitations of this study

» All literature included in this meta-analysis was
searched comprehensively from multiple databases.

» Small number of studies were included according to
the inclusion and exclusion criteria.

» Standardised methodology and large sample-based
studies are necessary to determine the diagnostic
accuracy of CT texture analysis in renal cell carci-
noma grading.

that the FGS can be considered to be an inde-
pendent factor for predicting the prognosis
of patients with RCC.” In addition, the simpli-
fied two-tier FGS has the same accuracy as
the four-tier FGS in predicting the prognosis
of RCC, with grades I-II being considered
low-grade and grades III-IV being consid-
ered high-grade.® This simplified grading
system reduces inter-observer variability.
Low-grade RCC has a high 5-year survival
rate, while high-grade RCC has a high meta-
static rate and low survival rate.” ° However,
recent studies have revealed that loopholes
in this grading system result in poor repro-
ducibility of tumour grading.”® The Interna-
tional Society of Urologic Pathology (ISUP)
standard proposed a new grading system for
RCC at the 2012 ISUP conference, namely
the WHO/ISUP grading system, which was
recommended by the WHO in 2016. This
grading system can accurately distinguish
grades, and it has been shown to be valuable
for predicting biological behaviour for clear
cell and papillary RCC.? The FGS is based on
the simultaneous assessment of nuclear size,
nuclear shape and nucleolar prominence.
The grading is based on the highest-grade
area, even if it is focal. Thus, minute foci of
higher-grade RCC, as well as carcinoma adja-
cent to the foci of necrosis, should be taken
into account for grading purposes. It is likely
that these problems will result in limited
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Included studies selection process for this meta-

interobserver reproducibility. The WHO/ISUP grading
system of RCC is based on nucleolar prominence or eosin-
ophilia for grades I-III, while grade IV requires nuclear
anaplasia (including tumour giant cells, sarcomatoid
differentiation and/or rhabdoid morphology). Thus, the
FGS and WHO/ISUP grading systems require histopatho-
logical assessment, which is an invasive method. There-
fore, it is particularly important to explore a non-invasive
method that can accurately assess the nuclear grading of
RCC.

Currently, various imaging modalities, such as CT, MRI
and positron emission tomography, provide effective
methods for the early diagnosis and assessment of RCC
prognosis. However, these conventional imaging methods
are not specific for predicting the pathological grading
of RCC before surgery. With the development of medical
imaging technology, texture analysis (TA) has been used
for the diagnosis and assessment of RCC grading. TA is
a technique for automatically extracting quantitative
features from medical images. It can extract hundreds of
texture features from every image; thus, it obtains more
detailed quantitative information about carcinomas than
that of conventional imaging methods."” TA can identify
smaller lesions that are macroscopically invisible. Recent
studies have shown that TA is generally used for diagnosis,
subtype classification, and grading of RCC, which indi-
cates that TA can provide useful information for grading,
staging, and predicting prognosis of tumours. Numerous
imaging patterns associated with TA, including conven-
tional and contrast-enhanced CT, have been employed to
noninvasively and accurately classify RCC grading and to
evaluate the heterogeneity of RCC. However, there is no
unified conclusion regarding the accuracy of CTTA for
differentiating between low-grade and high-grade RCCs.
The current meta-analysis aimed to comprehensively and

systematically assess the accuracy of CTTA in differenti-
ating low-grade and high-grade RCCs.

MATERIALS AND METHODS
Patient and public involvement
Patient and the public were not involved in this study.

Searching strategies

A literature search was independently performed by
two radiologists. The databases were searched from
their inception to 20 October 2021 including PubMed,
Cochrane Library, Embase, Web of Science, OVID
Medline, ScienceDirect, and Springer. The search terms
were “renal cell carcinoma”, “renal cancer”, “nephroid
carcinoma”, “texture analysis”, “radiomics”, “computed
tomography”, “CT” and so on. The titles and abstracts
were searched for their relevance. The search strategy is
presented in detail in online supplemental file 1. Studies
were included according to inclusion and exclusion
criteria.

Inclusion and exclusion criteria

Studies were selected according to the following criteria:
(1) Clinical studies of CTTA for evaluating the accuracy of
differentiating low-grade and high-grade RCC, including
diagnostic case—control studies, (2) Data were available
and could be extracted for calculating the true positive
(TP), false positive (FP), true negative (TN) and false
negative (FN) values, (3) Histopathological results were
used as the gold standard and (4) English literature. The
studies were excluded according to the following criteria:
(1) Case reports, reviews, abstracts, meta-analyses or
animal studies, (2) The data could not be extracted suffi-
ciently or used to calculate estimates in the study and (3)
The grade of RCC was assessed only by medical imaging
without pathological confirmation.

Quality assessment of included studies

The quality of each study was evaluated according to
the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS—Q),11 which is recommended by the Cochrane
collaboration web.

Data extraction

Some studies were deemed irrelevant after reading the
titles and abstracts and were excluded. The included
studies were selected after reading the full texts based
on the inclusion and exclusion criteria. Information
extracted from the primary study was as follows: the first
author, year of publication, country and language, sample
size, research type, model used, gold standard, age of
patients, TP, FP, FN, TN, CT slice thickness, contrast,
speed of injection and segmentation software. Low-grade
RCC (grade I-II) was considered positive, while high-
grade RCC (grades II-IV) was considered negative.

Meta-analysis
Meta-analysis was conducted by Review Manager V.5.3,
Meta-DiSc V.1.4 (Meta disc, Unit of Clinical Biostatistics
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Table 2 Information of six studies with unavailable data

Author Year Country AUC Conclusion

Deng®* 2019 China / High Fuhrman grade cancers were associated with larger tumour diameter and an increased
entropy value(texture analysis) at coarse filter correlated with high Fuhrman grade tumour.

Lubner®® 2016 USA / Entropy, the SD of the pixel distribution histogram, and the mean of positive pixels were
associated with nuclear grade.

Scrima®® 2019 USA / Entropy and mean of the positive pixels also showed an association with nuclear grade.

Ding?®’ 2018 China 0.771 Texture-score based models can facilitate the preoperative discrimination of the high from low
grade clear cell RCC.

Sun® 2019 China 0.91 The SVM model constructed by CT-based radiomic features can effectively identify the ISUP
grades of clear cell RCC.

Haji- 2020 USA 0.97 The histologic grade of small clear cell RCC can be accurately predicted with machine

Momenian?® learning algorithms using histogram features.

AUC, area under the curve; ISUP, International Society of Urologic Pathology; RCC, renal cell carcinoma; SVM, support vector machines.

of Ramoén y Cajal Hospital, Madrid, Spain) and Stata
V.15.1. Based on our opinion of the heterogeneity in the
extracted data, we adopted a bivariate random effects
model to calculate the pooled estimates in advance. The
Cochran-Q method and inconsistency index (I* were
used to investigate heterogeneity among the studies. If
I* >50%, p<0.05, the observed heterogeneity was signif-
icant. If I <50%, p>0.05, the observed heterogeneity
was not significant. Pooled sensitivity (Sen), specificity
(Spec), PLR, NLR and diagnostic OR (DOR) were calcu-
lated to assess the diagnostic performance of CTTA. The
summary receiver operating characteristic (SROC) curve
was plotted, and the area under the curve (AUC) was
calculated. Deeks’ test was used to evaluate publication
bias,lzzmd p>0.05, indicating that there was no significant
bias.

RESULTS

Research and selection of studies

A total of 730 relevant articles were initially identified, and
239 duplicate articles were excluded. Additionally, 444 arti-
cles were removed after reading their titles and abstracts and
being deemed irrelevant. Subsequently, after reading the full
texts, 30 articles were found to be reviews or not related to
the grade of RCC, and 6 articles were unavailable for data
extraction. Ultimately, after checking for relevant studies
of the reference in each review or meta analysis, 11 articles
were included.'>® The literature search process is shown in

figure 1. There were six studies in which detailed data were
unavailable.***

Study characteristics

The characteristics of the included studies are shown in
table 1. All 11 studies were retrospective cohort studies. The
total number of patients was 1601 with 1603 lesions observed.
From the included studies, the age range or mean age of
patients were reported and the histology grading system
adopted were used as reference standards. The average age
of patients in most studies ranged between 54 and 62 years.
Two studies reported only the age range of patients without
a mean age. Among the included studies, three adopted the
WHO/ISUP grading system and eight applied the FGS. The
CT slice thickness was 5mm and 3mm in four and three
studies, respectively, while it was 1-2mm and 1 mm or 3mm
in one study each. The CT slice thickness was not mentioned
in the remaining two studies. The information of the six
studies with unavailable data is shown in table 2

Quality assessment and publication bias

The quality of the included studies was evaluated according
to the QUADAS-2 checklist, and the results are shown in
figures 2 and 3. It was observed that ‘index test’ in ‘risk of
bias’ and ‘applicability concerns’ revealed high shortcom-
ings (2/11), which may suggest bias regarding inclusion.
Overall, the quality of included studies was satisfactory.
Deeks’ funnel plot asymmetry test was used to assess the

Patient Selection NN

niexTest I I B D

Reference Standard _ _
Flow and Timing  ERRERE

Risk of Bias

0% 25% 50% 75%

100% 0% 25% 50% 75%  100%

Applicability Concerns

W igh

|:| Unclear

. Low

Figure 2 Charts show risk of bias according to QUADAS-2. QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies.
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Figure 3 The other plot of charts show risk of bias
according to QUADAS-2. QUADAS-2, Quality Assessment of
Diagnostic Accuracy Studies.

potential publication bias. The results shown in figure 4 indi-
cate no significant bias (p=0.42).

Pooled results

The results of the meta-analysis are presented in figures 5
and 6. Pooled sensitivity and specificity were 0.79 (95% CI
0.73 to 0.84) and 0.84 (95% CI 0.81 to 0.87), respectively
(figure 5). Values of PLR, NLR, and DOR were 5.1 (95% CI
4.0 t0 6.4), 0.24 (95% CI 0.19 to 0.32), and 21 (95% CI 13 to
33), respectively. The AUC of SROC was 0.88 (95% CI 0.84
to 0.90) (figure 6). These findings indicate that CTTA has

Deeks' Funnel Plot Asymmetry Test
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Figure 4 Deeks' funnel plot to test publication bias.

a high diagnostic performance in differentiating low-grade
and high-grade RCC.

Heterogeneity test

Spearman correlation analysis was applied to test the
threshold effect, which was caused by the use of different
diagnostic cut-off values in a single diagnostic test. The
Spearman correlation coefficient was —0.191(p=0.574), indi-
cating that no significant threshold effect was produced.
Heterogeneity was tested using Cochran-Q and I. In figure 5,
the p value of the Cochran-Q test was 0.00 (p<0.05), and I*
was 76.39% in pooled sensitivity. And there was no significant
heterogeneity in the pooled specificity (p>0.05, 1’=0.00%).
These results indicated that there was high heterogeneity in
pooled sensitivity among the included studies. Thereafter,
we used a bivariate random effect meta-regression to explore
the potential association of heterogeneity. The results are
presented in online supplemental file 2.

DISCUSSION

TA technology was first applied to assess the heterogeneity
of tumours, and it was considered to have great potential
for the evaluation of renal masses.” *' In recent years, TA
based on CT has been gradually applied to differentiate RCC
grades.27 However, studies have demonstrated different diag-
nostic performances of TA in the diagnosis of RCC. The aim
of this meta-analysis was to assess the accuracy of CTTA in
differentiating between low-grade and high-grade RCC. The
values of pooled sensitivity, specificity, PLR, NLR and AUC
were 0.79, 0.84, 5.1, 0.24 and 0.88, respectively. The results
indicated that CTTA had excellent diagnostic performance
in differentiating low-income and high-grade RCC, which
could be considered a reliable method for diagnosing the
grade of RCC in clinical practice.

The gold standard for the diagnosis of RCC is histo-
pathological biopsy. However, this method is invasive and
may be inaccurate because of the samples being collected
from different biopsy sites.”” The field of CTTA, owing to
the ability of this technology to quantitatively extract texture
fealtures,24 has attracted the attention of researchers. It avoids
the subjective influence of image processing and reduces
the possibility of errors. Currently, the assessment of RCC
based on traditional imaging methods primarily includes
the overall outline of RCC, such as size, shape and degree of
contrast enhancement. However, these parameters can only
define the outline and anatomical sites of tumours and are
unable to provide vital information regarding the grade of
the carcinomas.” The differences between low-grade and
high-grade RCC involve changes in the pixel intensity of the
images. CTTA can detect subtle changes in pixel intensity
caused by heterogeneity between low-grade and high-grade
RCC. In addition, CTTA performs a comprehensive evalua-
tion of lesions. Compared with biopsy, this technique eval-
uates the mass through an integrated rather than a focal
analysis, which avoids the influence of sampling site error.
Different grades of RCC require different therapies. Low-
grade RCC patients may undergo partial nephrectomy,
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Figure 5 Coupled forest plots of sensitivity and specificity of CTTA for differentiating between low-grade and high-grade RCC.

CTTA, CT texture analysis; RCC, renal cell carcinoma.

whereas high-grade RCC patients may require more invasive
and extensive surgery.”* As an important prognostic factor, it
is important to preoperatively differentiate the grade of RCC
in clinical practice and provide more valuable guidance for
clinicians.

Image preprocessing is an essential step in TA, and the
methods used for image preprocessing differed greatly in
the included studies. Image segmentation and quantitative

1.0+

Sensitivity
(@]
(&)
1

O Observed Data
Summary Operating Point

@ SENS=079[0.73-0.84]
SPEC = 0.84 [0.81 - 0.87]

SROC Curve
AUC =0.88[0.84 - 0.90]
— 95% Confidence Contour

+ 95% Prediction Contour

0.0

T
1.0 0.5 0.0
Specificity
Figure 6 Summary receiver operating characteristics
(SROC) curve to differentiate low-grade and high-grade RCC.
AUC, area under the curve; RCC, renal cell carcinoma; SENS,
sensitivity; SPEC, specificity.

analysis were conducted after the image preprocessing step,”
followed by the establishment of a diagnostic predictive
model. Lastly, the SROC curve and AUC were calculated to
evaluate diagnostic performance. Previous studies have indi-
cated that texture features, such as entropy, SD and mean of
the positive pixels, were associated with nuclear grade. An
increased entropy value correlated with high Fuhrman grade
tumours.”**® The radiomics model with texture features
constructed by some scholars indicated a high prediction
accuracy in identifying the grading of RCC.7

There were some limitations in this meta-analysis: all
included studies in this meta-analysis were retrospective in
design, which has a higher bias risk than prospective studies;
there was high heterogeneity between the included studies,
which may be due to the age of patients, tools of TA and
image preprocessing; some of the included studies were
conducted with a small number of samples; and the sample
size varied greatly, which may affect the accuracy of the
results.

CONCLUSION

This study suggested that CITA has high accuracy in differ-
entiating low-grade and high-grade RCC, which could be
considered as a non-invasive method to provide crucial
information for the grading of RCC. However, a standard
methodology and large sample-based study are necessary to
certain the diagnostic accuracy of CTTA in RCC grading.
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