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Purpose: The determination of the size of a renal tumor is important for staging, prog-
nosis and selection of the appropriate surgical treatment. We investigated the difference 
of radiographic and pathologic size of renal tumors in a contemporary cohort of patients 
who underwent nephron sparing surgery and evaluated its clinical implications.
Materials and Methods: The records of 169 patients who received nephron sparing sur-
gery for renal lesions suspicious for malignancy between January 2006 and December 
2010 were reviewed retrospectively. Radiographic tumor size, defined as the largest dia-
meter of tumor measured by CT images, and pathologic size, the largest diameter of 
tumor measured in the surgical specimen, were compared and analyzed.
Results: Among all subjects, mean radiographic and pathologic tumor size were 3.25 ± 
1.78 cm and 3.03 ± 1.91 cm, respectively (P < 0.001), with a discrepancy of just 0.22 cm. 
When the patients were categorized according to radiographic tumor size in the 1 cm 
range, the mean radiographic tumor size was significantly greater than pathologic tumor 
size in the following groups: 2 to 3 cm (P < 0.001), 3 to 4 cm (P < 0.001), and 4 to 5 cm 
(P = 0.028). When radiographic and pathologic tumor sizes were compared according to 
the pathologic tumor subtype, a significant difference was observed only among those 
with clear cell renal carcinoma (P < 0.001).
Conclusions: Renal tumor size was overestimated by radiography as compared with pa-
thology. The difference was just 0.22 cm with little clinical significance, suggesting that 
CT provides an accurate method to estimate renal tumor size preoperatively.

INTRODUCTION

The determination of the size of a renal tu-
mor is important for staging, prognosis and selec-
tion of the appropriate surgical treatment. Several 
reports in the literature have concluded that the 
prognosis of renal tumor, including renal cell car-
cinoma (RCC), was related to the pathologic size 
of the tumor (1,2). Meanwhile, the increased use 
of modern imaging techniques such as computed 
tomography (CT) has led to an increase in the in-
cidental discovery of smaller renal masses. As a 

result, nephron sparing surgery (NSS) has been 
developed and has become a standard surgical tre-
atment for small renal masses. The oncologic ou-
tcome is similar to that achieved with radical ne-
phrectomy (RN) (3,4). The decision to perform NSS 
is mainly determined by the radiographic size, but 
not the pathologic size, of the renal mass as mea-
sured by preoperative CT. Therefore, it is necessary 
to define the consistency between pathologic and 
radiographic sizes.

Several previous reports have shown a cer-
tain degree of discrepancy between the preopera-
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tive size of renal tumors as measured by CT and 
the pathologic size as determined from surgical 
specimens (5-7). A difference in tumor size can 
alter patients’ status regarding tumor stage and 
prognosis. Also, such discrepancy may result in 
inadvertent exclusion of a significant number of 
patients from the opportunity to receive NSS. As 
maximum preservation of kidney function as well 
as adequate cancer control is important for the 
management of RCC, such potential discrepancy 
should be identified. In this study, we compared 
the radiographic and pathologic renal tumor si-
zes of patients in our department who received 
open NSS or laparoscopic NSS. The main aim of 
our study was to determine if radiographic size is 
equal to pathologic size among renal tumors and, 
if not, whether radiography overestimates or un-
derestimates tumor size and by how much.

MATERIALS AND METHODS

Upon securing approval from the institu-
tional review board of our hospital, we reviewed 
the records of 169 patients who received open NSS 
or laparoscopic NSS for renal lesions suspected of 
malignancy from January 2006 to December 2010. 
Only the patients who underwent preoperative CT 
scans at our institution less than 4 weeks before 
undergoing surgery were included.

The size of renal tumors on contrast-
-enhanced CT scans was measured in three axes 
including the anterior-to-posterior, superior-to-
-inferior, and left-to-right axes. The radiographic 
size was accepted as the largest of these three dia-
meters. Pathologic size was defined as the largest 
diameter of the tumor as determined by patholo-
gic examination. In patients with multifocal renal 
tumors, the tumor with the largest diameter was 
evaluated. The measurement of tumor size by CT 
scan and pathologic size were performed by one 
radiologist and one pathologist.

 The clinical informations, including each 
patient’s age, gender, tumor side, histologic sub-
type and primary tumor classification, were recor-
ded. The primary tumor classification was esta-
blished according to the AJCC 7th edition of RCC 
TNM-staging system. In our study, patients were 
categorized according to radiographic tumor size 

and pathological diagnoses. The mean values of 
radiographic and pathologic tumor size, along 
with differences in these sizes, were calculated for 
each category. The correlation between radiogra-
phic and pathologic tumor size was also analyzed. 
All categorical variables were analyzed by either 
a two-tailed Fisher’s exact test or a Chi-square 
test, as appropriate. All continuous variables were 
analyzed by either a two-tailed Student’s t test or 
a one-way analysis of variance, as appropriate. 
Statistical Package for Social Sciences 17.0 sof-
tware (SPSS Inc., Chicago, IL, USA) was used for 
statistical analysis. P values < 0.05 were conside-
red statistically significant.

RESULTS

A total of 169 patients underwent NSS and 
were included in our study. A summary of the pa-
tient demographics is shown in Table-1. The pa-
tients included 106 males and 63 females with an 
overall median age of 48.7 years. The majority pa-
thologic subtypes were clear cell renal cell carci-
noma and angiomyolipoma, accounting for 50.3% 
and 27.2% of all subjects, respectively. Among all 
the patients, there were about 134 patients with 
T1a clinical stage and 28 with T1b clinical sta-
ge, accounting for 79.3% and 16.6%, respective-
ly. Only 7 patients with T2 clinical stage received 
NSS. All tumors had no positive margins.

Among all subjects, mean radiographic tu-
mor size and mean pathologic tumor size were 3.25 
± 1.78 cm and 3.03 ± 1.91 cm, respectively (P < 
0.001), which indicated that the mean radiographic 
tumor size was greater than the mean pathologic 
size (Table-2). However, the difference between ra-
diographic and pathologic size was just 0.22 cm 
with little clinical significance. The relationship be-
tween both measurements of tumor size is depicted 
in Figure-1 and indicates the existences of a strong 
correlation (r = 0.956, P < 0.001).

When all the patients were categorized ac-
cording to radiographic tumor size (in 1 cm ran-
ges), mean radiographic tumor size was greater 
than pathologic tumor size for all ranges of tumor 
size, except for the ≥ 7 cm range (Table-2). Howe-
ver, mean radiographic tumor size was significan-
tly greater than pathologic tumor size only in the 
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Table 1 - Patient Characteristics.

Variables Median or n (%)

No. of total subjects 169

Age (years) 48.7 (16-80)

Gender

Male 106 (62.7)

Female 63 (37.3)

Tumor side

Left 82 (48.5)

Right 87 (51.5)

Histology

Clear cell 85 (50.3)

Papillary 8 (4.7)

Chromophobe 2 (1.2)

RCC other 6 (3.6)

Oncocytoma 5 (3.0)

Angiomyolipoma 46 (27.2)

Benign other 17 (10.0)

Primary tumor classification

T1a 134 (79.3)

T1b 28 (16.6)

T2a 4 (2.4)

T2b 3 (1.7)

RCC, renal cell carcinoma

ranges of ≥ 2 cm and < 3 cm, ≥ 3 cm and < 4 cm, 
≥ 4 cm and < 5 cm.

 When radiographic and pathologic tumor 
sizes were compared according to pathologic tu-
mor subtypes, a significant difference between 
radiographic and pathologic tumor size was ob-
served only among those with clear cell RCC (P < 
0.001) (Table-3). Among the 85 patients with clear 
cell histology, tumor size was overestimated by 

0.27 cm on CT. The tumor sizes were underesti-
mated only in those with chromophobic RCC but 
overestimated in other pathologic subtypes.

DISCUSSION

The discrepancy between radiographic and 
pathologic renal tumor size has been discussed in 
previous reports (5-8). To the best of our knowled-
ge, we present the largest comparison of radiogra-
phic and pathologic tumor size for patients with a 
renal mass treated by NSS. Consistent with some 
previous observations, in our study, radiographic 
size overestimated the pathologic size when com-
paring all patients, but the overall difference be-
tween radiographic and pathologic sizes was only 
0.22 cm. Although it was statistically significant, 
we do not think this disparity represents a clini-
cally significant result.

 In our series, subgroup analysis showed 
that the discrepancy between radiographic and 
pathologic size increased with tumor size in the 
range of 0 to 4 cm. However, the discrepancy de-
creased with increased tumor size, when the tu-
mors were larger than 4 cm. The radiographic size 
overestimated the pathologic size in all groups ex-
cept the tumors with sizes exceeding 7 cm, but the 
discrepancy had little significance because only 8 
patients were included in this group. The largest 
gap between the two measurements occurred in 
tumors of 3 to 4 cm in size, which was different 
from some previous studies (5-7). When evalua-
ting the subgroups according to 1 cm intervals, 
Schlomer et al. (5) and Kurta et al. (6) found that 
the largest differences in size were in patients with 
tumors of 4 to 5 cm, while Lee et al. (7) considered 
that the largest differences occurred in patients 
with tumors of < 1 cm in size.

 Tumor size has been widely used when re-
commending NSS for patients in elective-surgery 
scenarios (9). Traditionally, a 4 cm cutoff has been 
recommended, although more recent observations 
suggested that a threshold of > 4 cm and even 
7 cm for appropriately selected patients was safe 
and effective (10,11). In our study, the tumors with 
radiographic size less than 4 cm were overestima-
ted by CT, but the discrepancy would not affect 
the decision between RN and NSS. However, the 
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situation is different if the size of the tumor was 
larger than 4 cm. In the group with tumor sizes 
ranging from 4 to 5 cm, pathologic size was smal-
ler than radiographic size. In some centers, a tu-
mor size of 4 cm is still regarded as the cutoff 
between RN and NSS. According to our findings, 
a portion of patients with renal tumors slightly 
larger than 4 cm measured by CT, with actually 
pathologic size less than 4 cm, should receive NSS 
instead of RN. Recent studies have shown that PN 

for renal tumors provides superior intermediate-
-term preservation of renal function compared 
with RN (12,13). In addition, chronic renal failure 
is more prevalent than previously thought among 
patients with a renal mass and more than 25% of 
all patients with a renal mass have at least Grade 
3 chronic kidney disease at presentation (14). It 
is therefore necessary to perform NSS for renal 
tumors to preserve renal function. Based on our 
results, we suggest that the threshold of tumor 
size of 4 cm for NSS should been expanded to 
some extent, and patients with tumors slightly 
larger than 4 cm could be offered elective NSS 
with proper informed consent, which is in agree-
ment with previous studies (5,7). In our study, all 
tumors had no positive margins. Without doubt, 
whether tumors were smaller than 4 cm or sli-
ghtly larger than 4 cm, it is necessary to keep 
the margin negative. Obviously, preoperative 
planning for NSS for a renal lesion also requi-
res consideration of its location (exophytic vs. 
intrarenal, central vs. peripheral, hilar vs. polar) 
and relation to surrounding structures (main re-
nal vessels, collecting system, colon).

 Histological subtype is also an impor-
tant prognostic indicator for patients with renal 
tumors. Several studies have showed that there 
is correlation among tumor size, histology, and 

Table 2 - The mean radiologic and pathologic tumor size (in the 1-cm radiologic category and clinical stage).

RS range (cm) n RS (cm) PS (cm) Mean difference (95% CI) 
(cm)

t P-value

1 to < 2 31 1.47 ± 0.29 1.45 ± 0.36 0.02 (-0.10,0.13) 0.281 0.781

2 to < 3 54 2.36 ± 0.32 2.12 ± 0.52 0.24 (0.12,0.36) 3.992 < 0.001

3 to < 4 40 3.32 ± 0.32 2.93 ± 0.59 0.39 (0.21,0.56) 4.482 < 0.001

4 to < 5 19 4.23 ± 0.28 3.89 ± 0.62 0.34 (0.04,0.63) 2.395 0.028

5 to < 6 13 5.31 ± 0.34 5.04 ± 0.94 0.27 (-0.23,0.77) 1.164 0.267

6 to < 7 4 6.00 ± 0.00 5.87 ± 0.48 0.13 (-0.64,0.89) 0.522 0.638

≥ 7 8 8.80 ± 1.82 9.13 ± 2.51 -0.33 (-1.15,0.50) -0.930 0.383

Total 169 3.25 ± 1.78 3.03 ± 1.91 0.22 (0.13,0.30) 5.040 < 0.001

Figure 1 - Relationship between radiologic and pathologic 
tumor sizes.
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metastatic potential (15,16). Tumors with histo-
logy other than clear cell carcinoma appear to 
have a favorable prognosis and to be suitable 
for NSS, regardless of tumor size (17). Kurta et 
al. (6) evaluated the difference between mean CT 
tumor size and mean pathological size within 
each histological subgroup, and they found that 
there were statistically significant differences in 
the clear cell and papillary types, but the diffe-
rences were small and unlikely to be clinically 
significant. Lee et al. (7) found that a significant 
difference was observed among those with cle-
ar cell RCC and papillary RCC, and pathologic 
tumor size was overestimated in clear cell RCC 
while underestimated in papillary RCC. In our 
series, statistically significant differences betwe-
en radiographic and pathologic tumor size were 
observed only for clear cell tumors. The differen-
ce was small (0.27 cm) with no clinical signifi-
cance, which was similar to the result obtained 
by Kurta et al. (6).

 The present study has several limitations. 
Firstly, our study was a retrospective, single-
-institution analysis of patients. A standardized, 
prospective study would more definitively cha-
racterize the relationship between the radiogra-
phic and pathologic size of renal tumors. Secon-
dly, although the time from the CT examination 
to the operation was limited to 4 weeks, it was 

not certain that the size of the renal tumor had 
remained the same throughout this period. Thir-
dly, the parameters measured in CT scans or spe-
cimens may be inaccurate, which would influence 
the analysis. Much of some potential errors, such 
as measurement errors, differences in transverse 
diameter orientation, would have been avoided in 
a prospective study, where the methods of measu-
rement would have to follow a definite procedure. 
Finally, formalin fixation may shrink the patholo-
gic specimen to some extent.

CONCLUSIONS

In summary, we found a statistically sig-
nificant overestimation of renal tumor size when 
comparing radiographic with pathologic size. 
Nevertheless, the overall difference was only 
0.22 cm. Among the tumors with sizes ranging 
from 4 to 5 cm, radiographic tumor size was sig-
nificantly larger than pathologic size. This result 
may affect decisions to perform NSS in some 
patients with a radiographic tumor size slightly 
larger than 4 cm. In spite of slight overestima-
tion of radiographic size compared with patho-
logic size, and with the expansion of indication 
for NSS, we believe that CT scans would be ap-
propriate for staging and selection of treatment 
approaches for renal tumors. 

Table 3 - The mean radiologic and pathologic tumor sizes according to histological subtype.

HS n RS (cm) PS (cm) Mean difference (95% CI) 
(cm)

t P-value

Clear cell 85 2.73 ± 0.94 2.46 ± 1.01 0.27 (0.16,0.38) 4.963 < 0.001

Papillary 8 2.91 ± 1.18 2.78 ± 0.87 0.13 (-0.26,0.53) 0.819 0.440

Chromophobe 2 1.90 ± 0.14 2.05 ± 0.07 -0.15 (-0.79,0.49) -3.000 0.205

RCC other 6 3.02 ± 1.42 2.87 ± 1.29 0.15 (-0.17,0.47) 1.218 0.278

Oncocytoma 5 2.80 ± 1.44 2.40 ± 1.17 0.40 (-0.20,1.00) 1.845 0.139

Angiomyolipoma 46 4.48 ± 2.55 4.29 ± 2.87 0.19 (-0.03,0.41) 1.717 0.093

Benign other 17 3.06 ± 1.46 2.99 ± 1.40 0.07 (-0.13,0.26) 0.720 0.482

HS: histological subtype; RS: radiographic size; PS: pathologic size; CI: confidence interval; RCC: renal cell carcinoma
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