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Summary

Objectives—To analyse whether the histological subtype of renal cell carcinoma (RCC) impacts
survival post-surgical resection in contemporary patients, and if so, whether prognostic
significance differs according to type of surgical resection or tumour stage.

Materials and methods—From 2006 to 2014, 2237 patients underwent surgical resection (25%
radical nephrectomy [RN], 75% partial nephrectomy [PN]) for non-metastatic RCC at a tertiary
referral centre. Estimated survival function curves and Cox regression models evaluated impact of
histological subtype on recurrence-free survival (RFS) and overall survival (OS). Interaction
analyses tested whether the impact of histological subtype depends on type of surgical resection or
tumour stage.

Results—Patients with RCC stage T2 or lower, and those with low-grade conventional clear cell,
papillary or chromophobe RCC of any stage had 5-yr RFS probabilities > 90%. Patients with clear
cell papillary RCC stage T3 or greater had predicted 5-yr RFS of 81%. However, 5-yr OS
probabilities were >94% for clear cell papillary RCC of any stage. High-grade conventional clear
cell and papillary RCC stage T2 or lower, low-grade conventional clear cell and chromophobe
RCC of any stage conferred 5-yr OS probabilities of > 93%. Unclassified RCC demonstrated the
lowest OS probabilities at any stage.

In multivariable analyses, histological subtype impacted RFS (p<0.0001) and OS (p=0.026)
following surgical resection, with no differences in this association for RN versus PN (RFS p=0.2,
OS p=0.4), and across pathologic stages (RFS p=0.1, OS p=0.3). Compared to low-grade
conventional clear cell RCC, chromophobe (hazard ratio [HR] 0.72, 95% confidence interval [CI]
0.30, 1.75) and papillary RCC (HR 0.30, 95% CI 0.09, 0.97) conferred lower risk of recurrence.
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Chromophobe (HR 0.67, 95% CI 0.30, 1.52) and clear cell papillary RCC (HR 0.91, 95% CI 0.12,
6.78) conferred the lowest risk of all-cause mortality.

Conclusions—In the era of PN for RCC, histological subtype remained a significant predictor
of survival, regardless of type of surgical resection or tumour stage.

Keywords

renal cell carcinoma; histological subtype; recurrence; survival

1. Introduction

Pathologic stage, tumour grade, and performance status are the most established prognostic
factors in renal cell carcinoma (RCC) (1). The question remains whether histological
subtype impacts risk of recurrence or death in cases of RCC treated with surgical resection.
Although early studies evaluating the impact of histological subtype yielded conflicting
results (2-6), it is usually accepted that conventional clear cell histology portends a worse
prognosis (7).

In 2012 the International Society of Urological Pathology (ISUP) consensus conference
proposed five new epithelial neoplasias: tubulocystic RCC, acquired cystic disease-
associated RCC, clear cell papillary RCC, microphthalmia family translocation RCC, and
hereditary leiomyomatosis RCC syndrome-associated tumours (8). Furthermore, the
majority of previous studies addressing the impact of the histological subtype of RCC on
survival outcomes included mostly patients who underwent radical nephrectomy (RN).
However, the role of kidney-sparing surgery has seen great expansion in recent years (9).

In light of these recent developments, it is not well known whether survival outcomes vary
according to histological subtype in contemporary patients. A population-based study
reported that histological subtype does not confer prognostic value in patients undergoing
partial nephrectomy (PN) (10). Conflicting results have suggested that histological
assignment allows better prognostic stratification for advanced and high-grade tumours only
(3), or, conversely, for low-stage tumours only (5). Here, we evaluate the impact of
histological subtype on survival following surgical resection of clinically localised RCC in
the era of elective PN.

2. Materials and Methods

2.1 Patients

After obtaining institutional review board approval, we identified 2518 patients who
underwent surgical resection of renal cortical tumours at Memorial Sloan Kettering Cancer
Center (MSKCC) from 2006 to 2014. Exclusion criteria were age <18 yrs (n = 1), TO or Tx
tumours (n = 2), metastatic disease at diagnosis (n=182), and, to reduce heterogeneity,
bilateral tumours or hereditary RCC (n=96), leaving 2237 patients for final analysis.
Baseline patient characteristics were abstracted from a prospectively maintained database
and included age, gender, body mass index, and American Society of Anesthesiologists
(ASA) score.
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2.2 Pathology

Pathologic data included tumour and nodal stage according to the 2009 AJCC TNM
classification, tumour size, and histological subtype. Histological subtypes according to the
Heidelberg classification included conventional clear cell carcinoma, chromophobe
carcinoma, papillary carcinoma, and unclassified RCC (11). Conventional clear cell
carcinoma was stratified into low-grade (grade 1-2) conventional clear cell carcinoma, and
high-grade (grade 3-4) conventional clear cell carcinoma to take into account the prognostic
value of tumour grade. Tumour grade was not incorporated into analyses of non-
conventional clear cell RCC because it is not routinely assigned for these tumours at our
institution (4). In addition, clear cell papillary carcinoma, the most common of the newly
recognised histological subtype (8), was added as a prognostic category. The rarer RCC
variants had too few cases to be analysed separately and were therefore reported together as
“other histology”; these included collecting duct, medullary, mucinous tubular and spindle
cell, tubulocystic, acquired cystic disease-associated and microphthalmia family
translocation. We chose not to differentiate between papillary RCC type 1 and type 2 in the
analyses because the distinction was not available for all patients. Furthermore, the clinical
significance of sub typing papillary RCC has been questioned recently (12).

2.3 Outcome measures

Patients were typically followed every 6 months for 3 years, and annually thereafter.
Surveillance included patient history, physical examination, comprehensive metabolic panel,
abdominal computed tomography or ultrasound, and chest radiography. Recurrence
information was based on clinical and radiologic findings, and categorised as the first
evidence of local recurrence or distant relapse. New tumours on the contralateral side were
not considered recurrences. Death was documented according to medical records or death
certificates. For patients who were followed up outside our institution, there was regular
correspondence with their physician to ensure that recurrences and deaths were recorded. In
cases where 14 months passed without a report from the physician, we wrote to the patient
to request information (reply rate approximately 40%).

2.4 Statistical analyses

The Chi-square test and Mann-Whitney U test were used to compare baseline variables
between RN and PN patients. Estimated survival function curves were created, stratified by
histological subtype and adjusted for age, gender, type of surgical resection, pathologic
stage, nodal stage, tumour size, and, for the outcome of overall survival (OS), ASA score.
We then aimed to determine whether histological subtype was predictive of recurrence-free
survival (RFS) or OS after surgical resection, and whether its predictive value differed
between patients who had undergone RN versus PN, or based on pathologic stage. To this
end, we used Cox regression models adjusting for age, gender, type of surgical resection,
pathologic stage (T1/T2 or T3/T4), nodal stage (NO/Nx or N+), tumour size (cm), and
histological subtype (low-grade conventional clear cell, high-grade conventional clear cell,
chromophobe, papillary, clear cell papillary, or unclassified). Of the 2237 patients, 39 (1.7%)
with rare variants that were classified as “other histology” were excluded from these models.
As mentioned above, it was unclear before beginning this analysis whether histological
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subtype impacted survival differently according to type of surgical resection (RN versus PN)
(10) or tumour stage (3,5). Therefore, interaction terms between either type of surgical
resection and histological subtype or between pathologic stage and histological subtype were
included in the Cox regression models. For OS, models were generated with the addition of
ASA score as a covariate. All analyses were performed using Stata 13 (StataCorp, College
Station, TX). A two-sided p value < 0.05 was considered significant.

3. Results

Of 2237 patients, 551 (25%) underwent RN and 1686 (75%) underwent PN (Table 1). Clear
cell papillary carcinoma comprised 1.8% of all tumours. As expected, patients undergoing
RN had larger tumours and were more likely to have more advanced pathologic stage (all
p<0.0001).

In our cohort, 149 patients experienced recurrence during follow-up and 150 patients died
from any cause. Median follow-up among survivors was 2.8 yrs (interquartile range 1.1 —
5.0). Overall, RFS and OS estimates at 5 years were 92% (95% confidence interval [CI] 90 —
93%) and 90% (95% CI 88 — 91%), respectively. RFS and OS curves stratified by
histological subtype and adjusted for age, gender, type of surgical resection, pathologic
stage, nodal stage, and tumour size, are depicted in Figure 1. Survival curves stratified by
histological subtype and by stage (T1/T2 versus T3/T4) are depicted in Figure 2.
Corresponding RFS and OS probabilities at 5 years after surgical resection are shown in
Table 2. Patients with RCC stage T2 or lower, and those with low-grade conventional clear
cell, papillary or chromophobe RCC of any stage had 5-yr RFS probabilities > 90%. Patients
with clear cell papillary RCC stage T3 or greater had the highest probability of recurrence,
with predicted 5-yr RFS of 81% (Table 2A). However, 5-yr OS probabilities were >94% for
clear cell papillary RCC of any stage (Table 2B). Furthermore, high-grade conventional clear
cell and papillary RCC stage T2 or lower, low-grade conventional clear cell and
chromophobe RCC of any stage conferred 5-yr OS probabilities of > 93%. Unclassified
RCC demonstrated the lowest OS probabilities at any stage.

Using a Cox regression model adjusted for age, gender, type of surgical resection, pathologic
stage, nodal stage, and tumour size, histological subtype was found to be a significant
predictor of RFS (p<0.0001 for all histological subtypes) and OS (p=0.026 for all
histological subtypes) (Table 3). Overall, chromophobe and papillary RCC conferred the
best prognosis regarding risk of recurrence. Chromophobe and clear cell papillary RCC
conferred the best prognosis regarding risk of all-cause mortality.

We then assessed whether the predictive value of histological subtype for RFS was different
for patients who underwent RN versus PN by adding an interaction term between type of

surgical resection and histological subtype. There was no evidence of an interaction between
type of surgical resection and histological subtype (p=0.2). Similarly, we found no evidence
of an interaction between type of surgical resection and histological subtype for OS (p=0.4).

Next, we tested whether the predictive value of histological subtype for RFS or OS was
different based on pathologic stage, using an interaction term between pathologic stage and
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histological subtype in the Cox regression model. There was no significant interaction
between histological subtype and pathologic stage for RFS (p = 0.1) or for OS (p=0.3).

4. Discussion

Due to widespread use of modern imaging techniques and possibly the continuing epidemic
of obesity (13), the incidence of RCC is increasing with the majority of newly diagnosed
patients presenting with low-stage disease (14). The downward stage migration of RCC,
together with a better understanding of the functional advantages of kidney-sparing surgery,
have bolstered the role of PN in recent years (9). Furthermore, additional histological
subtypes have been recognised in recent years as distinct epithelial tumours within the ISUP
Vancouver classification of renal neoplasia (8). In this evolving context of RCC, it remains
essential to determine whether histological subtype retains prognostic value in a cohort of
contemporary patients. From our study, histological subtype remains an important predictor
of RFS and OS in a large cohort of patients undergoing primarily PN for clinically localised
RCC.

To date, reports evaluating the impact of histology on RCC outcomes utilising multivariable
analyses have documented conflicting results (2—6). Patard et al studied 4063 patients with
RCC treated surgically at eight academic centres (six of them European) and found that
histological subtype predicts cancer-specific survival in univariate analysis, but not in
multivariable analysis (2). Similarly, two studies including a total of 1120 European patients
documented that histological subtype was not an independent predictor of survival (3,6).
These results were contradicted by later studies from American centres (4,5) including the
Mayo Clinic and MSKCC where histological subtype was shown to be an independent
predictor of outcome. Specifically, conventional clear cell RCC was associated with a
significantly higher risk of metastasis and cancer-specific death compared to chromophobe
and papillary RCC. The above-mentioned studies, however, included predominantly patients
who underwent RN and may not reflect the current paradigm shift towards PN. It is also
noteworthy that conventional clear cell carcinoma represented 66% of all cases in our study,
while the proportion ranged from 79% to 89% in other series (2,3,5,6). This difference could
represent increased appreciation of the renal histological subtypes on the part of our
pathologists. Finally, the majority of these studies included patients with metastatic disease
at presentation (2,3,5,6), which limits definitive conclusions for patients who undergo
surgical resection with curative intent.

In the current study, histological subtype did not predict either RFS or OS differently for
patients who underwent RN versus PN. In a Surveillance, Epidemiology, and End Results-
based study, Crépel et al evaluated patients who underwent PN from 1988 and 2004 and
found no difference in cancer-specific survival based upon histological subtype (10).
However, this population-based study most likely included patients for whom PN had
imperative indications, precluding comparison with our cohort. Importantly, subtypes other
than conventional clear cell carcinoma were underrepresented in the Crépel study,
comprising only 15% of all cases, in contrast to 34% in the current study. Furthermore, we
documented that histological subtype did not predict either RFS or OS differently based on
pathologic stage. It has been suggested that smaller tumours exhibit slow growth rates and
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reduced propensity to metastasise (15), thus raising the question whether biologic behaviour
differs between low-stage and high-stage tumours, even within a specific histological
subtype. This is exemplified by the study by Ficarra et al, in which histological subtype
allowed better prognostic stratification only for locally advanced and high grade tumours
(3). In contrast, Leibovich et al found that the impact of histological subtype was stronger in
low-stage tumours when comparing conventional clear cell, papillary and chromophobe
RCC (5). However, despite the inclusion of patients treated from 1970 to 2003, their series
included a higher proportion of low-stage patients than ours, and, as admitted by the authors,
was likely underpowered to detect survival differences for high-stage, high-grade patients.

The studies mentioned above did not elaborate on clear cell papillary RCC, one of the new
entities incorporated into the ISUP Vancouver classification of renal neoplasia (8). As this
study confirms, this tumour is the most common of the newly recognised histological
subtypes, comprising 1.8% of all cases in our cohort. Clear cell papillary RCC was first
reported in 2000 as renal angiomyoadenomatous tumour (16) and later at our institution in
patients with end-stage kidney disease (17), but most cases actually occur in kidneys without
any underlying intrinsic renal disease. It consists of variable papillary structures lined by
cells with clear cytoplasm and low grade nuclei with a characteristic linear arrangement
away from the basal aspect of cells (17). Despite its denomination, clear cell papillary RCC
is genetically distinct from either conventional clear cell or papillary RCC (18,19). There is
limited information regarding its clinical behaviour, especially for higher stage tumours,
which have not been reported previously (20-22). In this study we noted that patients with
clear cell papillary RCC stage T1 and T2 had a relatively indolent clinical course. Patients
with T3 or T4 clear cell papillary RCC had the lowest RFS at 5 yrs (81%), yet 5-yr OS
probability was excellent (94%). The discrepancy may be related to the relatively low
number of patients in our cohort with clear cell papillary RCC, as evidenced by the wide Cls
for RFS and OS probabilities, which may not allow for robust conclusions.

The present results also address the role of PN in case of papillary RCC. Papillary RCC is
characterised by a higher risk of multifocality (up to 41%) (23), a point that has been raised
to argue against kidney-sparing surgery in the presence of biopsy-proven papillary RCC.
Our data, however, do not suggest that PN jeopardises survival in patients with papillary
RCC, which is in agreement with findings from the study by Crépel et al (10).

Limitations of our analysis include a lack of consistency in diagnosis, sub classification, and
staging inherent to a prospective study. However, pathologic specimens were assessed by
urological pathologists accustomed to evaluating malignancy and experienced in the ISUP
Vancouver classification of renal neoplasia (8). Furthermore, although regular
correspondence takes place with all our patients, it is possible that we did not capture all
events that occurred after hospital discharge. Follow-up was relatively short. These
limitations notwithstanding, our study provides helpful insights into the impact of
histological subtype in a large contemporary cohort of patients, using the most recent
classification system of RCC. Modern genomic techniques have confirmed the genetic
distinction between histological subtypes (24). A deeper understanding of genetic events and
molecular pathways underlying the differences in RCC phenotypes would be highly relevant
to the effective development of future targeted and individualised therapies. Currently,
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evidence is lacking to support the present targeted treatments in non-conventional clear cell
RCC (25). Our findings also provide an evidence-based justification for the stratification of
patients according to histological subtype in current adjuvant therapy trials (26).

5. Conclusion

In contemporary patients treated by surgical resection for RCC, histological subtype
remained a significant predictor of RFS and OS, regardless of type of surgical resection or
pathologic stage. Further research exploring the mechanisms underlying these differences
may lead to the development of novel, individualised therapies.
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The histologic subtype of renal cell carcinoma remains a predictor of
survival

The predictive value of histologic subtype is independent of the
surgical technique

The predictive value of histologic subtype is independent of the
pathologic stage
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A, Recurrence-free survival and B, overall survival estimates, stratified by histological
subtype and adjusted for age, gender, ASA score (for overall survival), type of surgical
resection, pathologic stage, nodal stage, and tumour size. The yellow line is low-grade
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A, Recurrence-free survival and B, overall survival estimates stratified by histological
subtype and pathologic stage, and adjusted for age, gender, ASA score (for overall survival),
type of surgical resection, and tumour size. The yellow line is low-grade conventional clear
cell carcinoma, the red line is high-grade conventional clear cell carcinoma, the orange line
is chromophobe carcinoma, the blue line is papillary carcinoma, the green line is clear cell
papillary carcinoma, and the purple line is unclassified carcinoma.
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Clinicopathologic characteristics for patients undergoing radical nephrectomy (RN) or partial nephrectomy

Table 1

(PN) for renal cell carcinoma (RCC).

All patients (N=2237) | RN (N=551; 25%) | PN (N=1686; 75%) | p value

Age, yrs, median (IQR) 60 (61, 68) 62 (52, 69) 60 (51, 68) 0.004
Female, n (%) 737 (33) 182 (33) 555 (33) >0.9
BMI, median (IQR) (n=2193) 29 (26, 33) 29 (26, 33) 29 (26, 33) 0.8
ASA score, n (%) (n=2236)

111 993 (44) 221 (40) 772 (46) 0.0001

mnv 1243 (56) 330 (60) 913 (54)
Histological subtype, n (%)

Low-grade conventional clear cell 711 (32) 96 (17) 615 (36) <0.0001

High-grade conventional clear cell 764 (34) 316 (57) 448 (27)

Chromophobe 243 (11) 58 (11) 185 (11)

Papillary 311 (14) 36 (7) 275 (16)

Clear cell papillary 41 (1.8) 5(0.9) 36 (2.1)

Unclassified 128 (5.7) 27 (4.9) 101 (6.0)

Other 39 (1.7) 13 (2.4) 26 (1.5)
Pathologic T stage, n (%)

T1 1574 (70) 136 (25) 1438 (85) <0.0001

T2 101 (4.5) 71 (13) 30 (1.8)

T3 554 (25) 338 (61) 216 (13)

T4 8 (<1) 6 (1.1) 2(0.1)
Nodal stage, n (%)

Nx 1578 (71) 124 (23) 1454 (86) <0.0001

NO 625 (28) 398 (72) 227 (13)

N1 11 (0.5) 9 (1.6) 2(0.1)

N2 23 (1.0) 20 (3.6) 3(0.2)
Tumour size, cm, median (IQR) (n=2943) | 3.5(2.3,5.4) 7.2(5.0,9.8) 3.0(2.0,4.0) <0.0001

IQR, interquartile range; BMI, body mass index; ASA, American Society of Anesthesiologists. Percentages may not sum due to rounding.
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Table 2

Page 15

A, Recurrence-free survival and B, overall survival estimates at 5 years after surgical resection for renal cell

carcinoma (RCC), adjusted for age, gender, type of surgical resection, pathologic stage, tumour size, and

histological subtype.

(A)

T1and T2, % (95% CI)

T3 and T4, % (95% CI)

All

97.0 (95.7-97.9)

93.8 (90.5-95.9)

Low-grade conventional clear cell

97.5 (95.7-98.5)

94.8 (90.7-97.1)

High-grade conventional clear cell

93.8 (91.0-95.8)

87.5 (82.0-91.4)

Chromophobe

98.2 (96.1-99.1)

96.2 (91.7-98.3)

Papillary

99.2 (97.8-99.7)

98.4 (94.9-99.5)

Clear cell papillary

90.5 (67.0-97.6)

81.2 (42.1-95.1)

Unclassified 94.7 (89.8-97.2) 89.1 (79.1-94.5)
(B)

Tland T2, % (95% Cl) | T3and T4, % (95% CI)
All 94.7 (93.0-96.0) 91.3 (87.6-93.9)

Low-grade conventional clear cell

96.2 (94.0-97.6)

93.8 (89.6-96.3)

High-grade conventional clear cell

94.7 (91.8-96.5)

91.3 (86.6-94.4)

Chromophobe

97.4 (94.6-98.8)

95.8 (90.8-98.1)

Papillary

94.0 (90.3-96.3)

90.2 (82.7-94.6)

Clear cell papillary

96.5 (77.3-99.5)

94.3 (64.8-99.2)

Unclassified

90.5 (83.5-94.7)

84.7 (73.2-91.6)

Cl, confidence interval.
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Table 3

Page 16

Multivariable Cox model for the association between histological subtype and A) recurrence, B) all-cause

mortality.
(A
Variable HR 95% ClI p value
Age (per 10 years) 119 | 1.03,1.39 0.02
Female gender 0.60 0.40, 0.91 0.02
Partial nephrectomy 0.93 | 0.56,1.53 0.8
Pathologic T3/T4 2.09 | 1.32,3.33 0.002
Nodal stage N+ 6.70 | 3.87,11.60 | <0.0001
Tumour size (cm) 124 | 1.17,1.31 | <0.0001
Histological subtype | Low-grade conventional clear cell | Ref. - <0.0001
High-grade conventional clear cell | 2.50 | 1.41,4.43
Chromophobe 0.72 | 0.30,1.75
Papillary 0.30 | 0.09,0.97
Clear cell papillary 389 | 0.88,17.1
Unclassified 2.15 0.96, 4.81
(B)
Variable HR 95% ClI p value
Age (per 10 years) 1.66 | 1.40,1.96 | <0.0001
Female gender 0.49 0.32,0.74 0.001
Partial nephrectomy 0.43 | 0.28,0.68 | <0.0001
ASA score [H1/1V 1.34 | 0.93,1.92 0.1
Pathologic T3/T4 1.67 1.11, 2.50 0.01
Nodal stage N+ 5.08 | 2.84,9.10 | <0.0001
Tumour size (cm) 1.04 | 0.98,1.10 0.2
Histological subtype | Low-grade conventional clear cell | Ref. - 0.026
High-grade conventional clear cell | 1.42 | 0.87,2.30
Chromophobe 0.67 0.30, 1.52
Papillary 1.60 | 0.89, 2808
Clear cell papillary 091 | 0.12,6.78
Unclassified 2.58 | 1.34,4.95

HR, hazard ratio; Cl, confidence interval.
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