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Abstract

Background:To evaluate the clinicopathologic value of morphological growth patterns of small renal cell
carcinoma (sRCC) and determine the actual demand for taking a rim of healthy parenchyma to avoid positive SM.

Methods: Data was collected from 560 sRCC patients who underwent laparoscopic surgeries from May 2010 to
October 2017. One hundred forty-nine cases received nephron-sparing surgery (NSS) and others received radical
nephrectomy (RN). All specimens were analyzed separately by two uropathologists, and three morphological
growth patterns were identified. The presence of pseudocapsule (PC), surgical margins (SM), and other routine
variables were recorded. The relationship between growth patterns and included variables was measured by the� 2

test and Fisher’s exact probability test. Survival outcomes were evaluated by Kaplan-Meier method and the log-rank
test.

Results:The median age of patients was 63.2 years old and the mean tumor diameter was 3.0 cm. Four hundred
eighty (85.7%) cases were clear cell RCC and 541 (96.6%) cases were at the pT1a stage. Peritumoral PC was
detected in 512 (92.5%) specimens, and the ratio of tumor invasion in PC in infiltration pattern increased obviously
than that of the other growth patterns. Similarly, the pT stage was significantly correlated with the infiltration
pattern as well. One hundred forty-nine patients underwent NSS and 3 (2.0%) of them showed positive SM after
operation. Statistical differences of the 5-year overall survival (OS) and the cancer-specific survival (CSS) existed
between different morphological growth patterns, PC status, and pT stages.

Conclusions:Morphological growth patterns of sRCC might be used as a potential biomarker to help operate NSS
to avoid the risk of positive SM. How to distinguish different morphological growth patterns before operation and
the effectiveness of the growth pattern as a novel proposed parameter to direct NSS in sRCC patients deserves
further exploration.
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Background
RCC is one of the most malignant tumors among geni-
tourinary diseases, and significant progress in treatments
has been achieved during the past 20 years. NSS has
been widely confirmed as an effective measure for sRCC
[1, 2], and the number of sRCC patients who accepted
NSS has increased significantly in recent years. Never-
theless, no research had clarified the histopathological
and clinical features of different kinds of morphological
growth patterns of sRCC. For this regard, a more prac-
ticable classification and treatment strategy that could
be utilized for choosing proper therapeutic methods for
sRCC patients is necessary. A better understanding of
the diverse growth patterns of sRCC, including their in-
tricate characteristic, might bring about novel prognostic
and therapeutic prospects.
Generally, the growth of tumor can be broadly divided

into two groups according to the morphology of tumor
and parenchyma relationship: the expansive growth pat-
tern and the infiltrative pattern [3]. Relevant studies have
shown that the layer of connective fibrous tissue termed
tumor PC, located at the interface between the tumor
and adjacent renal parenchyma [1, 4], and in some cases,
the presence of tumor PC invasion, has been considered
poor prognostic outcome for RCC [5, 6]. In the past few
years, several studies have indicated a reduction of the
thickness of safety margins that should be excised with
tumor to avoid local recurrence, while some researchers
considered the thickness of resection margin is irrelevant
with disease progression [7, 8]. Nevertheless, the exist-
ence of tumor PC is not a standard parameter for patho-
logical analysis so far.
In the present study, we analyzed 560 patients with

sRCC (no cystic RCC included) and identified three
major sRCC morphological growth patterns based on
the growth types and features of peritumoral PC, indi-
cating biological and oncological differences: single
nodular pattern (SNP), multinodular fusion pattern
(MFP), and infiltration pattern (IP).
The objective of this retrospective study was to

evaluate the clinicopathologic value of different histo-
logical growth patterns, characterize peritumoral PC
in sRCC, and define the optimal resection margin of
healthy parenchyma individually, for avoiding the risk
of positive SM.

Subjects and methods
Subjects
In this multi-center retrospective study, a total of 560
consecutive patients (416 males and 144 females) diag-
nosed with sRCC and underwent kidney surgeries by
laparoscopy from May 2010 to October 2017 (patients
with hereditary RCC were not included) were included,
with the median age of 63.2 ± 11.1 years (17–85), as

shown in Table 1. The major clinical symptoms included
gross hematuria (37 patients), microscopic hematuria
(96), and renal area pain (55), and the other 338 cases
showed no obvious symptoms (not shown in the table).
All patients included in the study received preoperative
computed tomography (CT) or magnetic resonance im-
aging (MRI) of the abdomen, a chest x-ray, and ultrason-
ography of the urinary system. Four patients were
identified with multiple lesions in the lung and diag-
nosed as RCC lung metastasis. The mean tumor diam-
eter was 3.0 ± 0.6 cm (0.5–4.0 cm), 46 cases were < 2.0
cm, 123 were 2.0–3.0 cm, and 391 were 3.1–4.0 cm, re-
spectively. Overall, 149 (26.6%) cases received NSS and
the other 411 (73.4%) received RN. The decision to
proceed NSS or RN depended on the patients’ preopera-
tive imaging results, medical history, age, patient prefer-
ence, and physician counseling.

Table 1 Clinicopathologic characteristics

Characteristic Value

No. of patients 560

Age (years)

Range 17–85

Median 63.2

Sex

Male 416 (74.3%)

Female 144 (25.7%)

sRCC subtype

Clear cell 480 (85.7%)

Chromofobe 38 (6.8%)

Papillary 26 (4.6%)

Others 16 (2.9%)

Growth pattern

SNP 438 (78.2%)

MFP 58 (10.4%)

IP 64 (11.4%)

pT stage

1a 541 (96.6%)

3a 19 (3.4%)

Fuhrman grade

1 137 (24.5%)

2 370 (66.1%)

3 42 (7.5%)

4 11 (1.9%)

PC

Absent 48 (7.5%)

Present 512 (92.5%)

sRCCSmall renal cell carcinoma,SNPA single nodular pattern,MFPA
multinodular fusion pattern,IPAn infiltration pattern,pTPathologic tumor,
PCPseudocapsule
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Histological assessment
The tumor size, integrity of peritumoral PC, and infiltra-
tion status of renal parenchyma were observed by mor-
phological examination and then fixed in a 10% formalin
solution. The growth pattern of the tumor was assessed
on archival 4 μm HE-stained tissue sections cut from
formalin-fixed paraffin-embedded specimens from the
tumor-kidney boundary. In order to standardize the ma-
terials, only the tissue section with the highest represen-
tation of the interface was examined. All specimens were
analyzed separately by two dedicated uropathologists
and cases in doubt were judged through the consensus
review.

Statistical analysis
The χ2 test and Fisher’s exact probability test were uti-
lized to compare the relationship between growth pat-
terns and clinical or pathological variables. A p value <
0.05 was considered statistically significant. The statis-
tical calculations were performed using SPSS version
22.0 (SPSS, Chicago, IL). For survival statistics, the
Kaplan-Meier method was used to estimate the 5-year
OS and CSS, and the log-rank test was conducted to
compare the groups of patients with respect to the pT
stage, growth patterns, and PC invasion. The survival
curves were plotted with Graphpad Prism 8.0.1.

Results
Characteristics of tumor growth patterns
The 560 renal tumor specimens were classified into
three different growth patterns, with the examples
shown in Fig. 1. We defined the three growth patterns of
sRCC as follows: (I) SNP, only one entire tumor lesion
exists in the kidney and the margin between tumor and
renal parenchyma is clearly visible, and intact peritu-
moral PC could be observed in most of this type of
sRCC (Fig. 1A–C); (II) MFP, several masses fuse into a
large, well-defined, irregularly shaped mass, which usu-
ally separate from each other with connective fibrous tis-
sues, and most of MFP tumors have complete
peritumoral PC (Fig. 1D–F); and (III) IP, the tumor in-
volves with poorly circumscribed margins with cancer
cells extensively infiltrating and unequivocally entrap-
ping normal kidney parenchyma, or the presence of nor-
mal renal tissue in the tumor, regardless of tumor
circumscription (Fig. 1G–I). The peritumoral PC was de-
fined as a band of fibrous connective tissues located at
the interface between the tumor and adjacent paren-
chyma or adjacent tumors. Positive SM was defined as
tumor reaching the edge of the specimen that was re-
moved in the case of invasive tumor within 1mm of the
edge of the specimen. The tumor size, pathological sub-
type, tumor stage, Fuhrman grade, depth of tumor inva-
sion, and other variables were also assessed entirely.

Fig. 1 Different morphological subtypes of small renal cell carcinoma (sRCC) after nephron-sparing surgery:A, B Single nodular growth pattern of
sRCC and the H-E staining pathological specimen (C);D, E Multinodular fusion growth pattern of sRCC and H-E staining pathological specimen
(F);G, H Infiltration growth pattern of sRCC and H-E staining pathological specimen (I). Abbreviations: T, tumor; PC, pseudocapsule; K, kidney

Li et al. World Journal of Surgical Oncology         (2021) 19:255 Page 3 of 8



Classification of PC
The specimen with no obvious peritumoral PC was
shown in Fig. 2A. PC status could be further divided into
three categories: PC intact and free from invasion (inva-
sion (� ), Fig. 2B), PC with neoplastic infiltration on the
parenchymal kidney with no invasion beyond it (invasion
(+), Fig. 2C), and PC with neoplastic infiltration and in-
vasion beyond it (invasion (++), Fig. 2D).

Baseline clinicaopathologic characteristics
The descriptive clinicopathologic statistics for this study
are provided in Table 1. A total of 560 patients were in-
cluded, with the median age of 63.2 (17 to 85), in which
416 patients were males and the others were females.
The histopathologic evaluation based on the 2004 WHO
classification revealed that 480 (85.7%) cases were clear
cell RCC, 38 (6.8%) were chromophobe RCC, 26 (4.6%)
were papillary RCC, and 16 (2.9%) were other RCC sub-
types. The SNP of tumors was found in 78.2% patients
(n = 438), MFP in 10.4% (n = 58), and IP in 11.4% (n =
64) of all patients.
The post-operative pathological analysis based on the

TNM classification showed that 96.6% (n = 541) of tu-
mors were pT1a, and 3.4% (n = 19) were at the pT3a
stage, as the perirenal adipose was infiltrated by tumor

cells. According to the Fuhrman nuclear grading, 24.5%
(n = 137) of the tumors were Grade I, 66.1% (n = 370)
were Grade II, 7.5% (n = 42) were Grade III, and 1.9% (n
= 11) were Grade IV. The presence of peritumoral PC
was detected in 512 (92.5%) cases, and the rest of 48
(7.5%) patients showed no obvious PC.

Distribution of growth patterns in sRCC subtypes
Table 2 showed the distribution of three growth patterns
in different sRCC subtypes, and no statistical difference
was found in such a situation (p = 0.941). According to
the results, the distribution of three growth patterns was

Fig. 2 A No pseudocapsule between tumor and renal parenchyma.B Pseudocapsule (PC) intact and without infiltration of tumor cells (invasion
(� )).C PC infiltrated by tumor cells but with no invasion beyond it (invasion (+)).D PC with neoplastic infiltration beyond it (invasion (++)), with
the depth of tumor invasion at about 14 mm (the scale bar: 300� m). Abbreviations: T, tumor; K, kidney

Table 2 The distribution of three growth patterns in different
sRCC subtypes

sRCC
subtype

Growth patterns p
valueSNP MFP IP

Clear cell 378 (78.8%) 48 (10.0%) 54 (11.2%) 0.922

Chromofobe 29 (76.3%) 5 (13.2%) 4 (10.5%)

Papillary 18 (69.2%) 4 (15.4%) 4 (15.4%)

Others 13 (81.3%) 1 (6.2%) 2 (12.5%)

sRCCSmall renal cell carcinoma,SNPA single nodular pattern,MFPA
multinodular fusion pattern,IPAn infiltration pattern
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