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abstract

PURPOSE The 2003 Leibovich score guides prognostication and selection to adjuvant clinical trials for patients
with locally advanced renal cell carcinoma (RCC) after nephrectomy. We provide a robust external validation of
the 2003 Leibovich score using contemporary data from SORCE, an international, randomized trial of sorafenib
after excision of primary RCC.

METHODS Data used to derive the 2003 Leibovich score were compared with contemporary data from SORCE.
Discrimination and calibration of the metastasis-free survival outcome were assessed in data from patients with
clear-cell RCC, using Cox proportional hazards regression, Kaplan-Meier curves, and calculation of Harrell’s c
indexes. Secondary analyses involved three important SORCE groups: patients with any non–clear-cell subtype,
papillary, and chromophobe carcinomas.

RESULTS Four hundred seven recurrences occurred in 982 patients in the Leibovich cohort and 520 recurrences
were recorded in 1,445 patients in the primary SORCE cohort. Clear discrimination between intermediate-risk and
high-risk SORCE cohorts was shown; hazard ratio 2.74 (95%CI, 2.29 to 3.28), c-index 0.63 (95%CI, 0.61 to 0.65).
A hazard ratio of 0.61 (95% CI, 0.53 to 0.70) confirmed poor calibration of the two cohorts. Discrimination was
observed in secondary populations, with c-indexes of 0.64 (95% CI, 0.59 to 0.69) for non–clear-cell RCC, 0.63
(95% CI, 0.56 to 0.69) for papillary RCC, and 0.65 (95% CI, 0.55 to 0.76) for chromophobe RCC.

CONCLUSION The 2003 Leibovich score discriminates between intermediate-risk and high-risk clear-cell and
non–clear-cell RCC groups in contemporary data, supporting its use for risk stratification in adjuvant clinical
trials. Over time, metastasis-free survival for patients with locally advanced RCC has improved. Contemporary
data from adjuvant RCC trials should be used to improve prognostication for patients with RCC.
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INTRODUCTION

The Leibovich score,1 published in 2003, is widely
used to guide postnephrectomy prognostication for
patients with locally advanced renal cell carcinoma
(RCC)2 and for risk-stratifying patients into adjuvant
clinical trials.2

Leibovich et al developed the score using retrospective
data from patients with clear-cell RCC who underwent
radical nephrectomy at theUSMayoClinic between1970
and 2000. Five features that were significantly associated
with time-to-distantmetastases (P, .001) comprised the
final multivariable model: tumor category (6th TNM
2002), regional lymph-node status, maximum tumor
diameter, nuclear grade, and presence of tumor ne-
crosis. For clinical application, risk groups were defined

as low (scores 0-2), intermediate (3-5), and high (6 or
higher). Five-year metastasis-free probabilities were
reported as 97.1%, 73.8%, and 31.2% respectively.1

The SORCE trial (ClinicalTrials.gov identifier:
NCT00492258), evaluated the effect of sorafenib after
nephrectomy and is one of the largest internationally
recruiting randomized controlled trial in patients with
locally advanced RCC, to date.3 In SORCE, and now
RAMPART (ClinicalTrials.gov identifier: NCT03288532),4

the 2003 Leibovich score determines participant eligibility
and guides their random allocation to trial arms.

Selection of the 2003 Leibovich score for this purpose
is supported by its superior discriminative accuracy
on direct comparison with several other prognostic
scores.5 Furthermore, the 2003 Leibovich score is
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simple to calculate. All score components are tumor-
derived and routinely reported on RCC pathology, negat-
ing the need for additional expertise or training. Clinical
markers such as patient’s performance status are not in-
cluded in the score, reducing the chance of subjective bias.

An external validation of the 2003 Leibovich score, using
data from SORCE participants, was prespecified within the
SORCE Protocol (online only). We focused on the
intermediate-risk and high-risk patients as they are of spe-
cific interest for recruitment to adjuvant clinical trials. SORCE
provided a large contemporary data set of individual par-
ticipant data (IPD) with detailed and long follow-up. Un-
usually for a validation study, we accessed IPD used to derive
the 2003 Leibovich score.1 By creating closely matched data
sets, we were able to compute measures of discrimination
and calibration,6-8 to directly compare the performance of the
2003 Leibovich score in the historical and contemporary
cohorts. Accordingly, we provide a high-quality evaluation of
the Leibovich score’s ability to discriminate between patients
at intermediate risk and high risk of relapse.

Although the 2003 Leibovich score is used in clinical trials
that recruit patients with non–clear-cell RCC, its ability to
stratify risk in this group has not been evaluated. Newer
prognostic scores9-11 have been developed (including some
specifically for non–clear-cell subtypes), but none are
commonly used in clinical trials, where straightforward
application is key. We present the first exploration of the
2003 Leibovich score’s discriminative accuracy within im-
portant histologic SORCE subpopulations: any non–clear-cell,
papillary-only, and chromophobe-only carcinomas.

METHODS

Participants: Leibovich Score Calculation

SORCE participants were recruited from July 2007 to
April 2013 from 147 centers in seven countries: United

Kingdom, Australia, France, Belgium, the Netherlands,
Spain, and Denmark, and followed up until July 2019.3

Only patients with intermediate (3-5) or high ($ 6) Lei-
bovich scores were included in SORCE.1,3 Participants with
any histology except pure oncocytoma were eligible. Values
for components of the 2003 Leibovich score (Data Sup-
plement, online only) were prospectively collected for each
participant on random assignment to SORCE.

The 6th TNM 2002 system was used by Leibovich et al
and in SORCE. The same nuclear grading system that
selects the worst WHO/International Society of Urological
Pathology12 features at each grade was used in both data
sets (Data Supplement). In SORCE, this system pragmat-
ically standardized grading across international trial sites
and was used for all histologic subtypes including chro-
mophobe and other non–clear-cell RCCs.

The SORCE trial was approved by national regulatory and
ethical committees in each participating country and was
conducted in accordance with the principles of Good
Clinical Practice, the Declaration of Helsinki, and all ap-
plicable regulatory requirements and laws. All participants
signed an informed consent form before entry into the study.

Participants and Outcomes: Leibovich and

SORCE Populations

Two matched cohorts were analyzed. A derivation cohort
derived from the 2003 Leibovich data set included patients
with clear-cell RCC only and excluded the low-risk group
(Leibovich scores 0-2). A validation cohort was derived from
intermediate-risk and high-risk clear-cell RCC participants
in SORCE. All patients in the 2003 Leibovich data set
underwent radical nephrectomy. Partial or radical ne-
phrectomy was permitted in SORCE, reflecting contem-
porary surgical practice.

The primary outcome was time to metastasis-free survival
(MFS), defined as the interval between nephrectomy and

CONTEXT

Key Objective
The 2003 Leibovich score guides the prognostication and the selection of clear-cell and non–clear-cell patients with locally

advanced renal cell carcinoma (RCC) into clinical trials. Its up-to-date validation in contemporary data is necessary to
support its continued use. To our knowledge, an evaluation of the 2003 Leibovich score’s discrimination between risk
groups for non–clear-cell RCCs has not previously been demonstrated.

Knowledge Generated
The 2003 Leibovich score demonstrated discriminative accuracy in contemporary clear-cell and non–clear-cell groups,

supporting its use for recruiting and guiding the random assignment of participants to adjuvant RCC trials. Outcomes for
patients with RCC have improved over time, rendering the 2003 Leibovich score poorly calibrated to contemporary
outcomes.

Relevance
We support the use of the 2003 Leibovich score to risk-stratify patients with RCC suspected of being at intermediate or high

risk of relapse.
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the date of distant metastases. In the study by Leibovich
et al,1 deaths preceding presumed metastasis were treated
as censored observations (C. Lohse, personal communi-
cation, April 2020). We defined MFS in the same way for
this analysis. We censored time to MFS at 10 years in both
cohorts to reflect available follow-up data in SORCE.

Secondary exploratory analyses were conducted in the
three SORCE subpopulations: patients with any non–clear-
cell histology, papillary-only, and chromophobe-only
carcinomas.

Statistical Methods

Model validation was performed adhering to transparent
reporting of a multivariable prediction model for individual
prognosis or diagnosis (TRIPOD) guidelines13 (Data Sup-
plement). The time origin used for both cohorts was date of
surgery. A survival analysis allowing for late entry was used,
14 capturing the post hoc nonexposure of a SORCE par-
ticipant to the risk of an MFS event between surgery and
random assignment. In SORCE, 56/1711 (3%) dates of
surgery were missing; they were estimated by taking a
random selection of 56 values from the distribution of ob-
served intervals between surgery and random assignment.

The performance of the 2003 Leibovich score was as-
sessed using discrimination and calibration.6,7 Discrimi-
nation denotes the ability of a model to distinguish between
patients who have and have not experienced an event.
Calibration relates to a model’s predictive accuracy.

Discrimination was assessed graphically by observing the
degree of separation between the Kaplan-Meier curves and
by the hazard ratio (HR) between intermediate-risk and
high-risk Leibovich risk groups in each cohort. We quan-
tified discrimination according to Harrell’s c-index,8 which
denotes the proportion of all usable patient pairs in whom
the observed and predicted survival times are concordant.
The c-index ranges from 0.5 (performance no better than
chance) through to 1 (perfect discrimination).

Calibration measures agreement between predicted and
observed outcomes. Good calibration is inferred if Kaplan-
Meier curves for risk groups in the derivation and validation
cohorts are similar. We quantified calibration through the
HR of the indicator variable for the two cohorts
(05 derivation cohort, 15 validation cohort) separately for
the two risk groups (0 5 intermediate risk, 1 5 high risk).
An HR around 1 suggests accurate calibration.

We also analyzed the ungrouped Leibovich scores 3,4,
…,11, to compare the HRs between the individual scores
and a base category (taken as score 5 3). We fitted Cox
models separately for the derivation and the validation data
sets, with each individual score as the explanatory variable
and graphed the results.

Furthermore, we analyzed the ungrouped scores as a single
entity to compare the discrimination (c-index) of the Lei-
bovich score with that of 2002 TNM staging.

The secondary (exploratory) analyses were conducted with
the three SORCE subpopulations using same procedures
as with the primary analysis.

All measures were reported with 95% CIs. P values were
two-sided.

All analyses were performed in STATA (16.1; StataCorp
LLC, College Station, TX).

RESULTS

The 2003 Leibovich data included 479MFS events in 1671
US-based patients who had radical nephrectomies be-
tween 1970 and 2000. The SORCE data had 614 MFS
events in 1711 patients enrolled between 2007 and 2013
(Fig 1). The derivation cohort included 407 MFS events in
982 patients with a median follow-up of 7.3 years
(interquartile range, 3-10 years), whereas the validation
cohort included 520 MFS events in 1,445 patients with a
median follow-up of 7.2 years (interquartile range, 6.1-8.4
years; Fig 1).

Table 1 describes the demographic, clinical, and histologic
characteristics of patients in the 2003 Leibovich data, the
derivation cohort, the SORCE data set, and the validation
cohort. The validation cohort included more high-risk than
intermediate-risk patients (46% v 38%). The validation
cohort included 652 (45%) patients who had a laparo-
scopic nephrectomy and 43 (3%) patients who had a
partial nephrectomy, whereas all patients in the derivation
cohort underwent radical open nephrectomy (Data Sup-
plement). The median time to MFS in the derivation cohort
was 9.2 years, whereas in SORCE, this was not reached
within 10 years of follow-up.

Primary Analysis Population: Discrimination

and Calibration

Discrimination. Figure 2 presents the results of the vali-
dation exercise graphically, showing Kaplan-Meier curves
of MFS in the intermediate-risk and high-risk groups for
each cohort. Figure 2 shows that discrimination between
intermediate-risk and high-risk groups in the derivation
cohort is substantial but not entirely maintained in the
validation cohort. The c-index in the derivation cohort is
0.67 (95% CI, 0.65 to 0.69) compared with 0.63 (95% CI,
0.61 to 0.65) in the validation cohort (P 5 .01, chi square
test).

Discrimination between high-risk and intermediate-risk
groups in the derivation cohort, with intermediate-risk as
the baseline category, is further indicated by an HR of 3.88
(95% CI, 3.18 to 4.74), compared with 2.74 (95% CI, 2.29
to 3.28) in the validation cohort. Thus, discrimination is
maintained in the validation cohort, albeit significantly re-
duced (P 5 .003, interaction analysis) compared with the
derivation cohort.

To assess whether the discrimination of the 2003 Leibovich
score degrades over follow-up time, c-indexes at one and
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10 years after nephrectomy were compared in both cohorts
(Data Supplement). We show that although c-index values
for the Leibovich score reduce over time, the difference is
small in both data sets.

Calibration. The validation and derivation survival curves
for the intermediate-risk and high-risk groups are not
aligned (Fig 2), suggesting poor calibration.

Overall, the MFS rate was 26% lower in the validation than in
the derivation cohort (HR5 0.74; 95% CI, 0.65 to 0.85). For
the intermediate-risk group, the reduction in MFS rate was
24% (HR5 0.76; 95%CI, 0.61 to 0.94), comparedwith 46%
(HR5 0.54; 95%CI, 0.45 to 0.64) in the high-risk group. The
results confirm a distinct lack of calibration between data sets.

Analysis of Ungrouped Leibovich Scores

Figure 3 shows that theHRs comparing individual scores with
the reference category (Leibovich score 3) increasemarkedly
as the score increases in both the derivation and validation
cohorts, reflecting consistently higher discrimination with
increasing Leibovich score. We combined groups with scores
of 9 and above because very few patients had score 10 or 11,
giving unreliable estimates. See the Data Supplement for
Kaplan-Meier curves (Fig 1A), HR values (Data Supplement),
and c-indexes for each score (Data Supplement). Lower
values of c-index and HR for each score group in the vali-
dation cohort confirm in detail that discrimination is main-
tained, albeit attenuated, in the contemporary cohort.

In both the validation and the derivation cohorts, the col-
lapse of scores 3-5 and 6-11 into two larger prognostic
groups (intermediate-risk and high-risk) results in reduced
discrimination compared with the original Leibovich score.
This is a compromise to achieve a clinically more useful risk
stratification tool.

To compare the discrimination of the ungrouped 2003 Lei-
bovich score with that of 2002 TNM, we calculated c-indexes

using the primary analysis data sets. The Leibovich score
outperformed the 2002 TNM system in the derivation cohort
(c-indexes of 0.72 [SE 0.01] v 0.56 [SE 0.01]) and in the
validation cohort (c-indexes of 0.67 [SE0.01] v0.56 [SE0.01]).

Secondary Analyses: Discrimination

Three cohorts were included in the secondary analysis:
those with any non–clear-cell RCC (N 5 266; MFS events,
n5 94), papillary RCC (N5 128; MFS events, n5 49), and
chromophobe RCC (N 5 96; MFS events, n 5 21). Dis-
crimination between intermediate-risk and high-risk groups
within each SORCE subcohort was compared with that of
the derivation cohort.

Figure 4 shows Kaplan-Meier estimates of MFS in the
intermediate-risk and high-risk groups for SORCE non–
clear-cell, papillary, and chromophobe populations. The
maintained separation between the curves beyond
6 months indicates that the 2003 Leibovich score retains
long-term discriminative capability in these SORCE sub-
populations. Compared with the derivation cohort (c-index
0.67), we obtained c-indexes of 0.64 (95%CI, 0.59 to 0.69)
for the SORCE non–clear-cell cohort, 0.63 (95% CI, 0.56 to
0.69) for SORCE papillary, and 0.65 (95% CI, 0.55 to 0.76)
for the SORCE chromophobe group.

An HR of 3.88 (95% CI, 3.18 to 4.74) between risk groups
was observed in the derivation cohort, compared with 3.21
(CI, 2.05 to 5.03) for SORCE non–clear-cell patients, 2.61
(95%CI, 1.44 to 4.70) for papillary, and 3.88 (95%CI, 1.56
to 9.61) for the chromophobe cohort. Despite smaller
cohort sizes with correspondingly larger imprecision, these
results highlight the Leibovich score’s preserved discrimi-
nation in these SORCE subpopulations.

Secondary Analyses: Calibration

Attenuated calibration between the SORCE subpopulations
and the derivation cohort for each risk group is shown by

2003 Leibovich data
(N = 1,671)

MFS events (distant metastases; n = 479)

SORCE data
(N = 1,711)

MFS events (distant metastases; n = 614)

Derivation cohort
(n = 982)

MFS events (n = 407)

Validation cohort
(n = 1,445a)

MFS events (n = 520)

Exclusions
   Leibovich low-risk patients     (n = 689)

MFS events
  Low-risk patients                         (n = 40)
  Data truncated to 10 years         (n = 32)

Exclusions
   Non–clear-cell histologies      (n = 266)

MFS events
   Non–clear-cell histologies      (n = 94)

FIG 1. The primary analysis cohorts. MFS: time from nephrectomy to the date of distant metastases; deaths precedingmetastasis were censored.
aA nuclear-grade assignment was missing for one participant, which we imputed singly by substituting themost common nuclear grade value (3),
to ensure completeness of the validation data set. MFS, metastasis-free survival.
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TABLE 1. Histopathologic Characteristics, Leibovich Score Components, and Median Follow-Up in Leibovich and SORCE Data

Variable at Baseline
2003 Leibovich Data

(N 5 1,671)
Derivation Cohort

(N 5 982)
SORCE Data
(N 5 1711)

Validation Cohort
(N 5 1,445)

Histologic characteristics, No. (%)

Histology

Clear-cell 1,671 (100) 982 (100) 1,445 (84) 1,445 (100)

Papillary — — 128 (7) —

Chromophobe — — 96 (6) —

Collecting duct — — 4 (, 1) —

Other — — 38 (2) —

Other histologies

Mixed — — 8 (21) —

Sarcomatoid — — 23 (61) —

Unclassified — — 5 (13) —

Translocation — — 2 (5) —

Tumor stage

pT1a 384 (23) 6 (, 1) 7 (, 1) 5 (1)

pT1b 440 (26) 129 (13) 197 (12) 170 (12)

pT2 335 (20) 335 (34) 400 (23) 298 (10)

pT3a-4 512 (31) 512 (52) 1,107 (65) 972 (67)

Regional lymph node status

pNx/pN0 1,605 (96) 916 (93) 1,637 (96) 1,405 (97)

pN1/pN2 66 (4) 66 (7) 74 (4) 40 (3)

Tumor size, cm

, 10 1,312 (79) 623 (63) 1,152 (67) 996 (69)

$ 10 359 (21) 359 (37) 559 (33) 452 (31)

Nuclear gradea

1 182 (11) 47 (5) 89 (5) 68 (5)

2 786 (47) 284 (29) 440 (26) 374 (26)

3 600 (36) 548 (56) 859 (50) 735 (51)

4 103 (6) 103 (10) 322 (19) 268 (18)

Histologic tumor necrosisb

No 1,232 (74) 561 (57) 774 (45) 671 (46)

Yes 439 (26) 421 (43) 937 (55) 774 (54)

Leibovich score groups in the Leibovich and SORCE data

Leibovich score group, No. (%)

Low risk 689 (41) — — —

Intermediate risk 608 (36) 608 (62) 910 (53) 776 (54)

High risk 374 (22) 374 (38) 801 (47) 669 (46)

Median follow-up

Years (IQR) 7.5 (3.2-10) 7.3 (3.0-10) 7.3 (6.1-8.4) 7.2 (6.1-8.4)

NOTE. Categorical data are presented as No. (%).
Abbreviation: IQR, interquartile range.
aThe Leibovich and SORCE grading system used simplifies and selects the worst International Society of Urological Pathology features at each grade. For

details of grading components, see the Data Supplement.
bFor the definition of histologic tumor necrosis outlined in SORCE trial protocol, see the Data Supplement.
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observing the misalignment of the corresponding survival
curves (Fig 4). This is quantified by HRs for MFS after fitting
a Cox regression model to each risk group separately
(Table 2). Five-year relapse probabilities (Table 3) show
improvedMFS compared with the corresponding derivation
cohort in all SORCE subgroups. The difference is most
marked between the high-risk groups.

DISCUSSION

Validation of the 2003 Leibovich score using contemporary
IPD from a large international trial represents the highest
quality of validation, according to the American Joint
Committee on Cancer criteria for model selection.15 We
focused on the intermediate-risk and high-risk clear-cell
patients, a group commonly recruited to adjuvant clinical
trials. This study confirms that the grouped 2003 Leibovich
score, although developed two decades ago, largely retains
discrimination in the SORCE validation cohort (c-index
0.63; 95% CI, 0.61 to 0.65) when compared with the
derivation cohort (c-index 0.67; 95% CI, 0.65 to 0.69).
We therefore support its ongoing use for risk stratification
in this setting.

Uniquely, we show that the 2003 Leibovich score dis-
criminates comparably between intermediate-risk and
high-risk patients in the non–clear-cell SORCE cohort (c-
index 0.64; 95% CI, 0.59 to 0.69). Since the non–clear-cell
cohort is limited by inherent variability in clinical trajecto-
ries, we explored the two largest non–clear-cell subtypes
separately: papillary (c-index 0.63; 95% CI, 0.56 to 0.69)
and chromophobe groups (c-index 0.65; 95% CI, 0.55 to
0.76). Although the latter analyses are limited by smaller
patient numbers, they indicate negligibly attenuated dis-
crimination compared with the derivation cohort.

Some of the immune-oncology–focused adjuvant RCC
trials, including IMMOTION010 (ClinicalTrials.gov identi-
fier: NCT03024996) and KEYNOTE-564,16 use the TNM
staging system for patient random assignment to trial arms.
We show that discrimination of the 2003 Leibovich score
exceeds that of 2002 TNM in the derivation cohort (c-in-
dexes of 0.72 [SE 0.01] v 0.56 [SE 0.01]) and in the
validation cohort (c-indexes of 0.67 [SE 0.01] v 0.56 [SE
0.01]). The improvement is noteworthy, considering that a
c-index of 0.5 represents a performance that is no better
than chance. This finding has implications for using TNM
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FIG 2. Kaplan-Meier curves for MFS by Leibovich risk group in the (A) derivation and (B) validation cohorts. In the validation cohort Kaplan-Meier plot,
the number of patients entering at time 0 is given as 0 in the at-risk tables. It is a consequence of the late entry character of the follow-up data. Patients
were not deemed at risk until they were randomly assigned into SORCE, which occurs after t 5 0. MFS, metastasis-free survival.
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for participant selection to clinical trials. We also show that
the 2003 Leibovich score loses discrimination over follow-
up time, with c-indexes of 0.63 at 10 years compared with
0.69 at 1 year after surgery in SORCE (Data Supplement).
We suggest that this small difference over long follow-up
should not impact on the 2003 Leibovich score’s use.

In 2018, Leibovich et al10 published five scoring systems,
modeling progression-free survival (PFS) and cancer-specific
survival individually for clear-cell and papillary RCC and PFS
for chromophobe carcinomas. A major tradeoff for histologic
specificity is added complexity in terms of the number of
scoring systems for different subtypes and models that
comprise many more components for clear-cell RCC. This is
important when considering trial practicalities including
standardization and limiting the workload associated with
assigning prognostic risk for eligibility purposes. In addition,
the 2018 scores offers only minor improvement in discrim-
ination for PFS and cancer-specific survival in clear-cell
patients, with internally validated c-indexes of 0.83 and
0.86, respectively, versus 0.82 forMFS for the 2003 score.1,10

Overall, the simplicity, practical utility, and maintained
discrimination in a multisubtype population shown by the
2003 Leibovich score support its standardized use for risk
stratification in adjuvant RCC trials in preference to recently
published, yet to be widely externally validated, subtype-
specific scores.9,10

We were able to perform a robust calibration analysis using
IPD from the original Leibovich study, matching risk groups

and unifying the MFS definition across cohorts. We clearly
demonstrate longer MFS in patients with intermediate-risk
and high-risk clear-cell RCC in the validation cohort (5-year
MFS; 78% [CI, 75 to 81] and 52% [CI, 48 to 56], respec-
tively), compared with the corresponding derivation cohorts
(5-year MFS; 72% [CI, 67 to 75] and 30% [CI, 25 to 35],
respectively). Comparatively longer MFS for contemporary
non–clear-cell, papillary, and chromophobe cohorts are also
shown (Table 3). On the basis of this, it may be necessary to
reconsider trial eligibility for patients with long-term low re-
lapse risk, for example, those with intermediate-risk chro-
mophobe RCC where 5 year MFS approaches 87% (CI, 75-
94; Table 3). Overall, better outcomes for patients with locally
advanced RCC over time corroborate findings in contem-
porary literature.17,18 Improved MFS may be linked to factors
such as improved radiologic and pathologic practices over
time and the introduction of minimally invasive surgical
techniques such as laparoscopic nephrectomy.19 Differ-
ences may additionally reflect an evolution in renal tumor
biology over time, driven by changing rates of modifiable risk
factors such as obesity and smoking.

Our analysis is not without limitations. First, pathology
samples were not centrally reviewed. However, strict
guidance for their assessment was provided in the SORCE
protocol. Second, patients with low Leibovich risk (score 0-
2) were not included this validation, because they are
usually cured by surgery or ablation and not usually con-
sidered for recruitment to adjuvant trials. We acknowledge
that excluding the low-risk group is likely to have resulted in

1

2

5

10

20

HR
 (l

og
 s

ca
le

), 
Ba

se
 C

at
eg

or
y 

Is
 3

3 4 5 6 7 8 ≥ 9

Leibovich Score

Derivation data

Validation data

FIG 3. HRs estimated for ungrouped 2003 Leibovich scores in the derivation data set and in the
validation data set. Values are presented with 95% CIs. The lowest score (3) in the validation data set
is the reference category. HR, hazard ratio.
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loss of some discrimination compared with that achieved by
the complete Leibovich data. Third, our validation was
performed using the whole SORCE cohort rather than being
restricted to the placebo group. As SORCE showed a clear
lack of benefit of sorafenib as an adjuvant strategy after
nephrectomy, we considered that including patients from
the experimental arms would have no detrimental impact
on this analysis.

Finally, patient and tumor characteristics differed be-
tween the Leibovich and SORCE cohorts. The median
age of SORCE patients was 5 years younger and included
higher rates of T3a-4 tumors compared with the Leibo-
vich cohort (67% v 52%). Other differences included
higher rates of histologic tumor necrosis in the SORCE
cohort (54% v 43%) and more nuclear grade 4 cases
(18% v 10%) were present.
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TABLE 2. HRs Comparing MFS for Each SORCE Subpopulation to the Derivation Cohort Separately in Intermediate-Risk and High-Risk Groups
Patient Population SORCE Non–Clear-Cell 95% CI SORCE Papillary 95% CI SORCE Chromophobe 95% CI

No. of patients 266 128 96

No. of MFS events 94 49 21

Median follow-up, years (IQR) 7.3 (6.1-8.3) 7.3 (6.1-8.4) 7.3 (6.3-8.3)

Intermediate-risk HRs 0.65 0.43 to 0.97 0.84 0.51 to 1.38 0.36 0.17 to 0.77

High-risk HRs 0.57 0.44 to 0.76 0.59 0.40 to 0.85 0.40 0.23 to 0.69

NOTE. Presented with 95% CI.
Abbreviations: HR, hazard ratio; IQR, interquartile range; MFS, metastasis-free survival.
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In time, it may be possible to improve upon outcome pre-
diction in RCC by adapting prognostic scores to include
immunologic or genetic biomarkers that show both prog-
nostic and predictive benefit. An example is the transcript-
based recurrence score,20 which adds prognostic informa-
tion when included with the 2003 Leibovich score. However,
as it does not predict response to adjuvant treatment and is
expensive and complex, it has not been routinely used.

Alongside prognostic and predictive biomarker studies, a
pragmatic step will be to refine the 2003 Leibovich score by
further unpicking the characteristics known to drive worse
outcomes in RCC. A digital pathology review of SORCE
tumor samples is underway. This will allow a compre-
hensive analysis of the heterogeneity among RCC tumor
specimens.21 It may also reveal further granularity within
current 2003 Leibovich score features, to enhance the

prognostication and the prediction of recurrence for pa-
tients with RCC. A practical goal will be to retain as much of
the usefulness and simplicity of the original Leibovich score
as possible.

In conclusion, the 2003 Leibovich score is a validated
prognostic score which, in contemporary data, discriminates
between patients with clear-cell RCC at intermediate risk and
high risk of disease recurrence. In addition, it comparably
discriminates relapse risk in patients with non–clear-cell,
papillary, and chromophobe RCCs in our data set. Over time,
MFS rates among patients have improved; therefore, clini-
copathologic prognostic scores need to be regularly
reviewed. With the wealth of data available from recent RCC
trials, there is an opportunity to build upon the 2003 Lei-
bovich score to better reflect the changing landscape of RCC.
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