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abstract
objectives. The diagnostic accuracy of in-bench CBs from renal masses, and the 
interobserver and intraobserver variability in pathological subtyping of renal tumours 
were assessed.
materials and methods. We performed two CBs in 62 consecutive renal masses 
suspected for RCC, obtained after radical or partial nephrectomy and, in one case, 
after autopsy. Routine HE–stained sections from each CB were evaluated by five 
pathologists on two occasions. The surgical specimen was the reference standard. 
Diagnostic accuracy and the generalized kappa for intraobserver and interobserver 
agreement were calculated.
results. Five tumours were benign and 57 malignant. Eight percent to 16% of the CBs 
were considered inadequate for diagnosis. In 0–8% of the cases, the pathologist could 
not discriminate between a benign or malignant tumour. Overall accuracy ranged from 
77% to 90%. Sensitivity (79–100%) and positive predictive value (100%) were high with 
narrow 95% confidence interval (95% CI). Specificity (100%) was high but negative 
predictive value (29%–100%) varied, with wide 95% CI. Interobserver agreement was 
fair to almost perfect (k = 0.010 to 0.830) for the different subtypes. In 64–81% of 
the CBs, the subtype was correctly classified. Intraobserver agreement was substantial 
(mean k = 0.628) for all pathologists.
conclusions. Diagnostic accuracy of CBs was high, with a diagnostic yield varying 
between 84% and 92%. Pathological subtyping of CBs was highly reproducible with 
the exception of the chromophobe renal cell carcinoma, which was problematic on 
HE-stained sections only.
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IntroDuctIon
Preoperative diagnosis of renal masses is made with the use of imaging techniques 
including US, MRI, and CT, which remains the gold standard [1,2]. Yet, these imaging 
techniques cannot differentiate between benign tumours such as RO and malignant 
RCC [3]. AMLs are the only tumours that mostly can be diagnosed on imaging alone. 
However, in rare cases the distinction between AML and other tumours cannot be 
made when the lesion lacks diagnostic fat on imaging [3].

The role of percutaneous CBs as a diagnostic tool in renal masses is considered 
limited because its diagnostic yield and accuracy vary widely. The obtained material may 
be nondiagnostic in up to 31% of the cases [4–6]; sensitivity and specificity range from 
62% to 100% and 0% to 100%, respectively [7]. This variation is a result of the different 
study designs, additional staining techniques and type of needle used, radiological 
heterogeneity of the included renal masses, and number of biopsies performed.

One of the most important limitations in the majority of the studies is the lack 
of histology of the surgical specimen as reference standard [5,8–13]. In those studies 
in which radiological follow-up was chosen as reference standard, masses with ‘‘zero 
growth’’ were assumed to be benign. However, a recent study showed that enhancing 
renal masses with zero growth revealed similar rates of malignancy compared with 
growing lesions [14].

By taking in-bench biopsies under direct vision of the renal tumour, a study under 
optimal  conditions is created, as performed by Barocas et al [15], who showed a high 
diagnostic yield and accuracy when combining conventional staining with molecular 
or genetic markers. Nonetheless, pathological diagnosis is subject to interobserver 
and intraobserver variability even when additional staining techniques are used. 
Moreover, the perfect panel of additional stains does not exist because tumours can 
show unexpected staining pattern [16].

Currently, the high incidence of benign tumours among incidentally discovered 
renal masses [17] and the recent introduction of ablative techniques and systemic 
therapies (eg, angiogenesis inhibitors, which have their mechanism of action 
particularly on ccRCC [18]) demand a preoperative diagnosis that understresses the 
role of CBs as a preoperative diagnostic tool [19].

The most important clinical questions are the reliability of the diagnostic yield 
and the value of CBs accuracy of in-bench CBs, and to evaluate the interobserver and 
intraobserver variability in pathological subtyping of renal tumours. 

matErIal anD mEthoDs
Sixty-two consecutive renal masses suspected for RCC, operated on by partial or 
radical nephrectomy and one obtained at autopsy, were included in this prospective 
study. Because no direct intervention was made in these patients, informed consent 
was not mandatory.
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Once the intact specimen (thus no surgical manipulation was done by the surgeon) 
arrived at the pathology laboratory, one urologist performed 2 CBs under direct 
vision of the tumour with an automatic 18-G core biopsy system (Boston Scientific®) 
before the surgical specimen was fixated. To avoid inadequate sampling due to tumour 
necrosis, the urologist was careful not to obtain CBs from the center of the tumour. 
After the CBs were performed, the surgical specimen was processed according to the 
guidelines of the Uropathology Working Group (European Society of Pathology) and 
the European Working Group of Uropathology of the European Association of Urology 
[20,21]. The CBs were formalin-fixed, paraffin-embedded, and HE-stained. IHC-stains 
were performed on the surgical specimens when necessary, but not on the CBs for the 
purposes of this study.

The CBs were evaluated by five pathologists twice with a 24-h interval. They were 
blinded for the definitive diagnosis of the surgical specimen. They were asked to 
subclassify the CBs into the following malignant tumours: ccRCC, cRCC) pRCC, RCC 
unclassified, UCC, and the following benign tumours: AML and RO. The pathologists 
were asked to classify the CBs according to the latest WHO criteria, when appropriate 
[22]. Samples containing only normal kidney parenchyma, blood, or necrotic tissue 
and samples containing insufficient tumour tissue to make a definitive diagnosis could 
be called inadequate and classified as nondiagnostic. Samples in which the pathologist 
could not decide between malignant or benign were classified as NC. 

With regard to the reference standard, the five pathologists at the multihead-
microscope on the surgical specimen reached consensus after the blind evaluation of 
the CBs took place.

Three of the pathologists worked in academic reference centers and two in community 
hospitals. All pathologists had experience with uropathology and renal CBs.

statIstIcal mEthoD
To assess the diagnostic accuracy, we used the results of the checklist in the first 
round for the index test. Diagnostic accuracy was calculated for each pathologist 
and expressed including sensitivity/specificity, PPV, and NPV. Overall accuracy was 
calculated by the sum of correctly scored core biopsies divided by all cases (n = 62). 
Diagnostic accuracy as confidence intervals for each pathologist was calculated by use 
of the program CIA, version 2.1.2.

Because four different results of the checklist can be used for the index test 
(nondiagnostic, nonconclusive, malignant tumour, and benign tumour), the diagnostic 
accuracy was also calculated for two different situations. First, diagnostic accuracy 
was calculated by excluding nonconclusive and nondiagnostic results from the index 
test. Second, diagnostic accuracy was calculated by including the nonconclusive and 
nondiagnostic results from the index test. In the last setting, the diagnostic accuracy 
was calculated to classify a malignant or a benign tumour. The results obtained with 
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the index test were compared with the results of the reference standard, which was the 
complete surgical specimen.

The unpaired (two-sample) t test was performed to evaluate differences between 
means. Categorical variables were compared by the chi-square test. Data analyses were 
performed with the use of SPSS, version 12.0.2 (SPSS Inc, Chicago, IL, USA), with p < 
0.05 (two-sided) being considered statistically significant.

To measure the agreement for the individual subtypes of renal tumours between the 
five pathologists as well as the overall intraobserver variability of CBs, the generalized 
kappa was calculated with the use of the program Statistical Analysis Software1, version 
9 (SAS Institute Inc, Cary, NC, USA). The concordance of the surgical specimen and 
CBs were assessed for the first round.

The following interpretation of agreement expected by chance alone, within the 
positive values of kappa, was used: fair, 0.00–0.20; moderate, 0.21–0.45; substantial, 
0.46–0.75; almost perfect, 0.76–0.99; and perfect, 1.00 [23]. Negative value indicates 
less than chance agreement.

rEsults
Patient data are presented in table 1. Eight percent of the tumours were benign and the 
rest were malignant. 

table 1 Patient data.

Mean/ median age (years) (SD) range 62/ 65 (13) 25-84

Mean/ median size (cm) (SD) range 5.5/ 5.5 (2.5) 2.0-12.0

Gender (%)
Male 39 (62.9)

Female 23 (37.1)

Side (%)

Left 24 (38.7)

Right 35 (56.5)

Not known 3 (4.8)

Operation (%)

RN 41 (66.1)

PN 20 (32.3)

Autopsy 1 (1.6)

Pathological diagnosis of surgical specimen (%)

ccRCC 45 (72.6)

cRCC 5 (8.1)

pRCC 4 (6.5)

RO 3 (4.8)

AML 2 (3.2)

RCC unclassified 1 (1.6)

UCC 2 (3.2)
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Each pathologist scored 124 HE-stained slides in two occasions. Table 2 summarizes 
the scoring results of nondiagnostic, nonconclusive, correctly scored, and incorrectly 
scored CBs, and the overall accuracy for the five pathologists. The rate of nondiagnostic 
biopsies among the five pathologists in our series ranged from 8% to 16%, resulting in a 
diagnostic yield of 84% to 92%. One cRCC, one AML, and one ccRCC were consistently 
scored as nondiagnostic by all pathologists. CB samples scored as nondiagnostic by one 
or more pathologists consisted of eight ccRCC, two cRCC, and one RCC unclassified. 
Nonconclusive samples included three cRCC, three ccRCC, one RO, and one RCC 
unclassified. Three cRCC and two ccRCC cases were incorrectly scored as benign by 
one or more pathologists. Overall accuracy varied from 77% to 90%.

table 2 Scoring results of the renal core biopsies for the individual pathologists.

Pathologist A* B* C* D** E**

Number of diagnostic cases 56 57 53 52 50

Number of non-diagnostic cases (%) 6 (10) 5 (8) 7 (11) 5 (8) 10 (16)

Number of non-conclusive cases (%) 0 0 2 (3) 5 (8) 2 (3)

Number of correctly classified 
benign cases (%) 4 (80) 4 (80) 4 (80) 4 (80) 3 (60)

Number of incorrectly classified
benign cases (%) 0 0 0 0 0

Number of correctly classified 
malignant cases (%) 52 (91) 51 (89) 45 (79) 48 (84) 46 (81)

Number of incorrectly classified 
malignant lesions (%) 0 2 (4) 4 (7) 0 1 (2)

Overall accuracy*** (%) 90 89 79 82 77

* working in academic reference center, ** working in community hospitals, *** sum of correctly scored 
core biopsies divided by all cases (n=62)

Mean (SD [range]) tumour size of nondiagnostic (N = 14) and diagnostic (N = 48) 
CBs was 6.0 cm (2.6 [3.0–11.5]) and 5.3 cm(2.5 [2.0–12.0]), respectively ( p < 0.001). 
Mean (SD [range]) tumour sizes for nonconclusive (N = 8) samples and conclusive (N 
= 54) samples were 5.9 cm (2.6 [4.0–11.5]) and 5.4 cm (2.5 [2.0–12.0]) cm ( p < 0.001), 
respectively.

There was no significant difference regarding the rate of nondiagnostic samples 
between pathologists working in academic reference centers and in community 
hospitals. However, pathologists working in academic reference centers classified 
statistically significantly fewer cases as nonconclusive than pathologists working in 
community hospitals (p = 0.005).

Diagnostic accuracy of CBs is presented in tables 3–5. Table 3 shows the diagnostic 
accuracy calculated by excluding nondiagnostic and nonconclusive results. Sensitivity 
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table 3 Diagnostic accuracy of renal core biopsies for the individual pathologists, calculated by excluding 
non-diagnostic and non-conclusive results.

Pathologist A* B* C* D** E**

Sensitivity  % 
(CI 95%)

100 
(93-100)

96
(87-99)

92
(81-97)

100
(93-100)

98
(89-100)

Specificity %
(CI 95%)

100
(51-100)

100
(51-100)

100
(51-100)

100
(51-100)

100
(44-100)

PPV %
(CI 95%)

100
(93-100)

100
(93-100)

100
(92-100)

100
(93-100)

100
(92-100)

NPV %
(CI 95%)

100
(51-100)

67
(30-90)

50
(22-78)

100
(51-100)

75
(30-95)

* working in academic reference, center, ** working in community hospitals

table 4 Diagnostic accuracy of renal core biopsies to classify a malignant tumor for the individual 
pathologists, calculated by including the non-diagnostic and non-conclusive scoring results. 

Pathologist A* B* C* D** E**

Sensitivity  % 
(CI 95%)

91
(81-96)

89
(79-95)

79
(67-88)

84
(73-91)

81
(69-100)

Specificity %
(CI 95%)

100
(57-100)

100
(57-100)

100
(57-100)

100
(57-100)

100
(57-100)

PPV %
(CI 95%)

100
(93-100)

100
(93-100)

100
(92-100)

100
(93-100)

100
(92-100)

NPV %
(CI 95%)

50
(24-76)

45
(21-72)

29
(13-53)

36
(16-61)

31
(14-56)

* working in academic reference center, ** working in community hospitals

table 5 Diagnostic accuracy of renal core biopsies to classify a benign tumor for the individual pathologists, 
calculated by including the non-diagnostic and non-conclusive scoring results.

Pathologist A* B* C* D** E**

Sensitivity  % 
(CI 95%)

80
(38-96)

80
(38-96)

80
(38-96)

80
(38-96)

60
(23-88)

Specificity %
(CI 95%)

100
(94-100)

96
(88-99)

93
(83-97)

100
(94-100)

98
(91-100)

PPV %
(CI 95%)

100
(51-100)

67
(30-90)

50
(22-78)

100
(51-100)

75
(30-95)

NPV %
(CI 95%)

98
(91-100)

98
(91-100)

98
(90-100)

98
(91-100)

97
(88-99)

* working in academic reference center, ** working in community hospitals
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(92–100%) and PPV (100%) were high with narrow 95% confidence interval (95%CI). 
Specificity (100%) was high but NPV (50–100%) varied, with wide 95%CI. Sensitivity 
(79–91%) and PPV (100%), to diagnose a malignant tumour (table 4), were high with 
narrow 95%CI. Specificity (100%) was high but NPV (29–50%) was low, with wide 
95%CI. Sensitivity (60–80%) and PPV (50–100%), to diagnose a benign tumour (table 
5), varied, with wide 95%CI. Specificity (93–100%) and NPV (97–98%) were high with 
narrow 95%CI.

Interobserver and intraobserver variability of CBs as concordance between the 
surgical specimen and CBs are presented in tables 6–8. Interobserver agreement for 
the individual subtypes ranged from fair to almost perfect. In 64–81%, the CBs were 
correctly subclassified. Intraobserver agreement was substantial for all pathologists.

table 6 Interobserver variability for the renal subtypes

renal tumor type (n) 1st round (κ) 2nd round (κ)
Interobserver agreement 
[23]

ccRCC (45) 0.577 0.608 Substantial

cRCC (5) 0.057 -0.010 Fair

pRCC (4) 0.664 0.638 Substantial

RO (3) 0.679 0.736 Substantial

RCC unclassified (1) 0.003 0.195 Fair

AML (2) 0.830 0.830 Almost perfect

UCC (2) -0.013 0.415 Fair to moderate

table 7 Concordance between the surgical specimen and renal core biopsies for the individual pathologists 
in the first round

renal tumor type (n)

Pathologists

a* b* c* D** E**

concordance (%)

ccRCC (45) 89 71 80 89 71

cRCC (5) 25 50 0 0 0

pRCC (4) 75 100 100 25 100

RO (3) 100 100 100 100 67

RCC unclassified (1) 100 0 0 0 0

AML (2) 100 100 100 100 100

UCC (2) 0 0 50 0 0

Overall concordance (%) 81 70 75 75 64

* working in academic reference center, ** working in community hospitals
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DIscussIon
This study was designed with a double purpose: first to assess the diagnostic 
accuracy of CBs for renal masses in a preclinical setting, and second to evaluate the 
interobserver and intraobserver variability of CBs in the pathological subtyping of 
renal tumours.

In evaluating the diagnostic performance of a biopsy in renal masses, a distinction is 
warranted between those cases in which a diagnosis is not possible owing to insufficient 
sampling or inadequate material (blood, necrosis, fibrosis, or normal kidney), and 
those in which despite a correct sampling the exact nature of the mass cannot be 
assessed. The latter should therefore be categorized as nonconclusive. Whereas a 
nondiagnostic sample precludes a repetition of the test, a nonconclusive biopsy points 
to the more relevant question of diagnostic limitations. Furthermore, when assessing 
the performance of a test (eg, CB), a comparison with the previously defined reference 
standard is mandatory [24]. Because assessing the diagnostic accuracy was our goal, 
the index test had to be compared with the surgical specimen and consequently the 
suspicion of malignancy was high in our population sample.

In our series, biopsies were taken in the ideal setting because of the direct 
visualization of the tumour. Moreover, CBs were not taken from the center of the 
tumour to avoid necrosis. This approach may lead to a higher diagnostic yield than 
in real practice. Yet, the rate of nondiagnostic biopsies amongst the five pathologists 
in our series ranged from 8% to 16%, resulting in a diagnostic yield of 84% to 92%. 
Overall, 14 different cases were scored as nondiagnostic by at least one pathologist. 
This result means that, in a worse case scenario, up to 23% (14 of 62) of the samples 
could have been nondiagnostic, which is consistent with the rate found in literature 
on percutaneous biopsies [4,5]. Although there is a statistical difference in the mean 

table 8 Intraobserver variability of renal core biopsies for the individual pathologists

Pathologists κ (cI 95%) Intraobserver agreement [23]

A* 0.641
(0.477-0.805) Substantial

B* 0.730
(0.589-0.871) Substantial

C* 0.592
(0.436-0.748) Substantial

D** 0.571
(0.406-0.737) Substantial

E** 0.605
(0.462-0.747) Substantial

Mean 0.628 
(0.573-0.683) Substantial

* working in academic reference center, ** working in community hospitals
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tumour size of the nondiagnostic versus the diagnostic CBs, this difference is so small 
(0.7 cm) that it is probably irrelevant in clinical practice [25].

Nondiagnostic biopsies may be attributable to extrinsic factors such as needle 
size and operator skills. The technical bias was minimized by using the same type of 
needle and by one operator performing all biopsies according to the previously defined 
protocol. Ultimately, the variability in the percentage of the nondiagnostic biopsies 
between the five pathologists shows that the diagnostic potential is also subject to 
pathological interpretation of the sample. Although the individual’s experience could 
have played a role in this variation, the lack of statistical difference in the percentage 
of nondiagnostic biopsies between pathologists working in reference centers or 
community hospitals most likely indicates that the range reflects a nonavoidable 
clinical variability. The rate of nondiagnostic biopsies can be diminished by repeating 
the biopsies and upgrading the skills of the operator.

The rate of nonconclusive biopsies ranged from 0% to 8%. The rate of nonconclusive 
biopsies can be lowered by additional staining. In this study, the pathologists did not 
have the availability of additional staining because a perfect panel of additional stains 
does not exist [16]. However, in our study additional staining would have been helpful 
in the 0–8% cases of ambiguity and most probably improved diagnostic accuracy. 

The overall accuracy (sum of correctly scored CBs divided by all cases) ranged from 
77% to 90%. Sensitivity and PPV of CBs to classify a malignant tumour were high, with 
a narrow CI, therefore supporting surgery for patients with CBs positive for malignancy 
[12]. Because only 8.1% of our series were benign, specificity and NPV displayed a 
broader CI. If a benign tumour is mistakenly scored as malignant in the CBs, specificity 
and NPV will drop enormously. Therefore, specificity and NPV to classify malignant 
tumours, and sensitivity and PPV of CBs to classify a benign tumour, should be viewed 
with caution before drawing hard conclusions on the diagnostic accuracy of CBs.

Comparable studies performed in an in-bench setting involving a single 
pathologists, found similar accuracy rates for CBs [15,25]. Scoring samples by five 
different pathologists confers further consistency and eliminates the bias derived from 
a single individual diagnosis approaching possible different clinical settings.

Because an in-bench study does not represent everyday clinical practice, accuracy 
may be overestimated owing to direct tumour visualization. Conversely, auxiliary 
techniques, that is, immunohistochemistry and molecular analysis, could aid in the 
subtyping of renal tumours, resulting in a higher diagnostic accuracy as recently 
reported [15,16]. Another limitation of this study is that only 8% of the included 
tumours were benign. Obvious ethical reasons preclude the availability of the surgical 
specimen in the suspected benign masses.

The low number of RCC unclassified and UCC preclude any sound conclusion in 
terms of interobserver variability because small differences in agreement can highly 
influence the kappa in statistical analysis. However, interobserver agreement was 
almost perfect for AML and substantial for most of the subtypes with the exception 



8 

Biopsies and Cytological Punctures 117

of cRCC. The fair agreement and the low concordance in cRCC is explained by the 
frequent presence of overlapping histological features (eosinophilic components) in 
this subtype, which can give diagnostic problems [26], especially without the aid of 
additional staining.

The intraobserver variability of all pathologists shows a substantial agreement 
between the first and the second round. Although the interval between both rounds 
was short (24 h), the high number of samples scored minimizes this possible bias.

This study reflects the encountered diagnostic problems of CBs in renal tumours. 
Nevertheless, the high diagnostic accuracy and the substantial interobserver and 
intraobserver agreement for the individual subtypes predict a possible future of CBs 
in the diagnostics of renal masses, together with the promising results of auxiliary 
techniques. Preoperative CBs could be considered in tumours ≤_4.0 cm because up to 
30.4% of these tumours reported in literature are benign [27,28]. In tumours >4.0 cm, 
CBs could be considered to prove a specific subtype of RCC in patients who will benefit 
from systemic therapies.

conclusIons
Diagnostic accuracy of CBs was high, with a diagnostic yield varying between 84% 
and 92%. Pathological subtyping of CBs was highly reproducible with the exception 
of the chromophobe renal cell carcinoma, which was problematic on HE-stained 
sections only.
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