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Abstract.
BACKGROUND: Application of the MSKCC and IMDC models is recommended for prognostication in metastatic renal
cell cancer (mRCC). Patient classification in MSKCC and IMDC risk groups in real-world observational studies is often
hampered by missing data on required pre-treatment characteristics.
OBJECTIVES: To evaluate the effect of application of easy-to-use logical, or deductive, imputation on MSKCC and IMDC
risk classification in an observational study setting.
PATIENTS AND METHODS: We used data on 713 mRCC patients with first-line sunitinib treatment from our observational
European multi-centre study EuroTARGET. Pre-treatment characteristics and follow-up were derived from medical files.
Hospital-specific cut-off values for laboratory measurements were requested. The effect of logical imputation of missing
data and consensus versus hospital-specific cut-off values on patient classification and the subsequent models’ predictive
performance for progression-free and overall survival (OS) was evaluated.
RESULTS: 45% of the patients had missing data for ≥ 1 pre-treatment characteristic for either model. Still, 72% of all patients
could be unambiguously classified using logical imputation. Use of consensus instead of hospital-specific cut-offs led to a
shift in risk group for 12% and 7% of patients for the MSKCC and IMDC model, respectively. Using logical imputation
or other cut-offs did not influence the models’ predictive performance. These were in line with previous reports (c-statistic
∼0.64 for OS).
CONCLUSIONS: Logical imputation leads to a substantial increase in the proportion of patients that can be correctly
classified into poor and intermediate MSKCC and IMDC risk groups in observational studies and its use in the field should
be advocated.

Keywords: Disease-free survival, observational study, survival, prognosis, reference values, renal cell carcinoma, sunitinib,
survival analysis

INTRODUCTION

The Memorial Sloan Kettering Cancer Center
(MSKCC) model and the International Metastatic
Renal Cell Carcinoma Database Consortium (IMDC)
model were developed to facilitate prognostication in
metastatic renal cell carcinoma (mRCC). Given the
absence of markers that predict therapy response, the
treatment guideline of the European Association of
Urology advocates the use of either the MSKCC or
the IMDC model for patient counselling and choice
of therapy in mRCC [1]. These models are also used
for mRCC patient selection in clinical studies and
for prognostic characterization of patients in real-
world observational studies. Both models categorize
patients into a favourable, intermediate, and poor
risk group. Categorization of patients in the MSKCC
model is based on the presence or absence of five
risk factors derived from the following pre-treatment
characteristics: Karnofsky performance status (KPS),
time between diagnosis and treatment, levels of lac-
tate dehydrogenase (LDH), serum hemoglobin and
corrected serum calcium [2]. The IMDC model addi-
tionally includes risk factors based on platelet and

neutrophil counts while LDH is omitted [3]. For
ease of use in routine clinical practice, the cut-offs
for the laboratory-based characteristics are based on
institution-specific lower limits of normal (LLN) and
upper limits of normal (ULN) [4].

Data on these risk factors are generally available
for mRCC patients in randomized and prospective
clinical trials. However, in real-world and observa-
tional study settings, values for one or more of these
risk factors are often lacking for a substantial num-
ber of study participants. A non-systematic literature
search showed that a variety of methods is used to deal
with these missing values in MSKCC or IMDC risk
classification. These include a case-deletion approach
with analysis of patients with complete data on all
underlying risk factors only (e.g. [3, 5]) and statistical
multiple imputation techniques (e.g. [6, 7]). But many
papers do not mention any procedure (e.g. [8–10]).
Each of these methods has its own disadvantages.
Use of a case-wise deletion approach leads to loss of
data and possibly to bias in study results. And statisti-
cal imputation procedures require advanced skills and
software packages and may also lead to the introduc-
tion of bias, depending on missingness patterns [11].
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To our knowledge, none of the studies that apply the
MSKCC or IMDC model report the use of logical
imputation, also known as deductive imputation, to
classify patients with missing risk factor values. In
this approach, missing values are replaced by values
that can be unambiguously derived from observed
values based on logical or mathematical relationships
between these variables. This methodology is suited
for imputation of composite scores, like the MSKCC
and IMDC models, and can be performed on an indi-
vidual patient level and without the need for advanced
statistical techniques. The fraction of missing data
that can be imputed using this approach, will depend
on the actual logic that can be applied and the missing
data pattern in the data at hand. Nevertheless, using
this approach can simplify the process of resolving
the remaining missing data [12]. Here, we apply such
logical imputation for MSKCC and IMDC risk clas-
sification in data of sunitinib-treated mRCC patients
from EuroTARGET, a European, multi-centre obser-
vational study [13] and evaluate its effect on patient
risk classification and the models’ predictive perfor-
mance.

PATIENTS AND METHODS

Patient population

The EuroTARGET project focused on identifying
sunitinib-response biomarkers and started in March
2011. EuroTARGET included 748 mRCC patients
who were prospectively recruited after March 2011
in 62 hospitals from the Netherlands, Spain, United
Kingdom, Romania, and Germany, and 462 mRCC
patients from previous retrospective and prospective
studies (‘historical’ patients) resulting in 1210 partic-
ipants. From these 1210 participants, 713 participants
with established mRCC who received sunitinib as
first-line tyrosine-kinase inhibitor (TKI) treatment
and who had at least 6 months of outcome assess-
ment were selected [13]. The study was approved by
the ethics committee at each participating center and
all patients gave written informed consent.

Data collection

Design and data collection procedures within
EuroTARGET are extensively described elsewhere
[13]. Clinical information (baseline and follow-up)
from all patients was collected from medical files
via web-based case record forms (CRFs). Missing
and inconsistent data were assessed and resolved by

reviewing the CRFs or the medical files. Exact clean-
ing steps are described in the supplementary files of
van der Zanden et al. [13]. For this study, we extracted
data on baseline clinical characteristics including
all pre-treatment characteristics of the MSKCC and
IMDC models (see Supplementary Table 1), treat-
ment lines, tumour response according to RECIST
v1.1, and death dates.

MSKCC and IMDC model classification

Patients with complete data on all pre-treatment
characteristics were scored according to the MSKCC
and IMDC models (Supplementary Table 1) [2, 3].
Next, we performed logical imputation in which
we also classified patients with missing values on
pre-treatment characteristics but with sufficient infor-
mation for an unambiguous classification for either
of the models. The applied logic for the IMDC model
is presented in Fig. 1. In short, if a patient had
one known risk factor and only one missing fac-
tor he/she could be unambiguously classified into
the intermediate risk group. If a patient had three
known risk factors, then, regardless of the number
of remaining missing factors, the patient could be
classified as poor risk. Only for a favourable risk
group classification, all risk factors have to be known.
Depending on the combination of known risk factors
and remaining missing factors, additional classifi-
cations of patients can be obtained (see Fig. 1 for
IMDC and Supplementary Figure 1 for the MSKCC
risk model). Some illustrative examples of patients
for the IMDC model are given in Supplementary
Table 2 and for the MSKCC model in Supplementary
Table 3.

Absolute values for pre-treatment laboratory-
based characteristics were entered via CRFs. Lower
and upper levels of normal are required to obtain
the individual patients’ risk factors for LDH,
haemoglobin, calcium, and platelet and neutrophil
counts. Hereto, we followed two strategies: (1) obtain
hospital-specific LLN and ULN cut-offs from the 62
hospitals that contributed to the prospective patient
recruitment after March 2011; for historical patients,
this was not feasible; (2) come to a consensus on
EuroTARGET-wide cut-offs. We obtained relevant
cut-offs for 49 out of 62 hospitals, with other hospitals
not responding to our repeated requests. The values
showed large variation among the hospitals, espe-
cially for corrected calcium levels (5.24 to 11.0 g/dL),
neutrophil count (4.8 to 9.0 × 109/L), and LDH (190
to 495 IU/L) (see Supplementary Table 4). For con-
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Fig. 1. Rules for logical imputation of the International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) risk groups. The
bold outlined boxes are the additional classifications obtained by using this imputation procedure. Abbreviations: LLN, lower limit of normal;
ULN, upper limit of normal.
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sensus EuroTARGET cut-offs, we reviewed reported
cut-off values in publications on the predictive per-
formance of MSKCC and IMDC models up to the
year 2016 and those described in national guidelines
on the use of pharmaceuticals [6, 9, 14–16]. Liter-
ature showed no variation for haemoglobin (LLN
13 g/dL males, 11.5 g/dL females) and corrected
serum calcium (ULN 10 mg/dL). However, values
varied for platelet count (ULN 400–450 × 103), neu-
trophil count (ULN 4.5–7.2 × 109/L) and LDH (ULN
225–230 IU/L) [6, 9, 14, 16–18]. Four experts from
the EuroTARGET team, including a medical oncol-
ogist, a pharmacologist, an epidemiologist, and a
molecular biologist, agreed upon the consensus cut-
off values for the current study based on both the
values found in literature and on the hospital-specific
cut-off values (see Supplementary Table 4). We
classified patients using both consensus and hospital-
specific cut-off values.

Clinical outcomes

Overall survival (OS) was defined as the time (in
months) between the first day of sunitinib treatment
and the date of death or censoring. Progression-
free survival (PFS) was defined as the time (in
months) between first day of sunitinib treatment
and disease progression, relapse, development of a
new lesion, death, or censoring (whichever happened
first), regardless of the duration of sunitinib treatment.
Tumour response was defined according to RECIST
version 1.1 and based on patient evaluation by local
caregivers as given in the radiology report or medi-
cal record (no review of imaging). Patients without
events were censored at the date at which patients
were last known to be alive or end of study, whichever
came first [13].

Statistical analyses

Patient characteristics were described using medi-
ans and ranges, or total numbers and percentages.
Both prognostic models were examined for associa-
tions with OS and PFS using log-rank tests. Survival
curves with median survival times and interquar-
tile ranges (IQR) were created using Kaplan-Meier
analyses. Univariable Cox proportional hazards
regression analyses were performed on all risk
groups. Proportional hazards were examined using
log-log plots (not presented). Discriminative perfor-
mance was evaluated using Harrell’s Concordance
statistic (c-statistic); 95% confidence interval (CI)

for c-statistics were created by bootstrapping 250
simulated datasets, using sampling with replacement.
Calibration was assessed by comparing observed
Kaplan-Meier curves with predicted Cox regression
curves [19]. All statistical analyses were performed
in STATA 11.2 for Windows.

RESULTS

Patient characteristics

Patient characteristics of the 713 included Euro-
TARGET patients are summarized in Table 1. The
median OS was 27.5 months (IQR 10.8–51.2) and
the median PFS was 11.1 months (IQR 4.6–26.0).

Missing values and patient classification

Information on corrected serum calcium was miss-
ing for 225 patients (31.6%), on WHO performance
status for 144 patients (20.2%), and on neutrophil
count for 124 patients (17.4%) (Table 1). Data on
all pre-treatment characteristics (‘complete cases’)
for MSKCC and IMDC models were available for
396 (55.5%) and 387 (54.3%) patients, respectively
(see Supplementary Table 5). A total of 117 (16.4%)
and 135 (18.9%) patients had at least one missing
variable for MSKCC and IMDC pre-treatment model
characteristics, respectively, but could nonetheless
be unambiguously classified into the intermediate or
poor risk group via logical imputation. This resulted
in 513 (72%) classifiable patients for the MSKCC
and 522 (73%) for the IMDC model (Table 2).

Consensus versus hospital-specific cut-off values

Supplementary Table 4 presents the consensus cut-
off values and the minimum, mode and maximum
cut-off values of participating hospitals. The fre-
quency of MSKCC and IMDC risk factors according
to the EuroTARGET consensus cut-offs for all avail-
able 713 patients is given in Supplementary Table 6.
A total of 245 and 242 patients could be classi-
fied using the hospital-specific cut-off values and
MSKCC and IMDC model, respectively. The use of
hospital-specific instead of consensus cut-off values
resulted in a shift in risk group classification for 29
of the 245 patients (11.8%) for MSKCC, and 17 of
the 242 patients (7.0%) for IMDC (Supplementary
Table 6).
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Table 1
Characteristics of the included EuroTARGET population (n = 713)

Variable Number of patients (%)

Age (years) at initiation of sunitinib treatment; median (range) 63 (20–87)
Sex

Males 525 (73.6)
Females 188 (26.4)

Histology subtype*
Clear cell carcinoma 620 (87.0)
Non-clear cell carcinoma 66 (9.2)
Unknown 27 (3.8)

Nr of metastases at start sunitinib
1 268 (37.6)
2 248 (34.8)
3 or more 195 (27.3)
Unknown 2 (0.3)

Prior nephrectomy
Yes 534 (74.9)
No 170 (25.1)

Time from diagnosis to sunitinib treatment ≤ 1 year
Yes 414 (58.1)
No 299 (41.9)

WHO status ≥ 1
Yes 310 (43.5)
No 259 (36.3)
Unknown 144 (20.2)

Haemoglobin < lower limit of normal#

Yes 272 (38.2)
No 400 (56.1)
Unknown 41 (5.7)

Corrected calcium > upper limit of normal#

Yes 119 (16.7)
No 369 (51.7)
Unknown 225 (31.6)

Neutrophil count > upper limit of normal#

Yes 75 (10.5)
No 514 (72.1)
Unknown 124 (17.4)

Platelet count > upper limit of normal#

Yes 107 (15.0)
No 557 (78.1)
Unknown 49 (6.9)

High LDH > 1.5 times upper limit of normal#

Yes 121 (17.0)
No 496 (69.6)
Unknown 96 (13.4)

Time on sunitinib (months); median (IQR) 9.0 (4.0–20.0)
Median follow-up time in months; median (IQR) 17.0 (9.0–33.4)
Median OS time in months; median (IQR) 27.5 (10.8–51.2)
Median PFS time in months; median (IQR) 11.1 (4.6–26.0)

Abbreviations: LDH, lactate dehydrogenase; WHO, World Health Organization; IQR, interquartile
range; OS, Overall Survival; PFS, Progression-free Survival. *Histology subtype as defined by a
central pathologists; if not available, subtype as defined by a local pathologist was used. #Based on
EuroTARGET consensus cut-offs as presented in Supplementary Table 4.

Predictive value and impact of missing values
and different cut-off values

Table 3 presents c-statistics for OS and PFS for
both MSKCC and IMDC models. These were com-
parable for MSKCC and IMDC. When using only
patients without any missing data on pre-treatment

characteristics (complete cases) and consensus cut-
off values, c-statistics for MSKCC were 0.64 (95%
CI: 0.60–0.67) for OS and 0.58 (0.55–0.62) for PFS,
and for IMDC 0.64 (95% CI: 0.60–0.67) and 0.59
(0.56–0.63), respectively. Use of logical imputation
(and consensus cut-off values) resulted in highly
similar c-statistics. Also, the c-statistics for consen-
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Table 2
MSKCC and IMDC risk group classification based on a complete case and logical imputation

approach and using consensus cut-off values for laboratory measurements*

MSKCC risk group, number of patients (%)
Favourable Intermediate Poor Total

Complete cases only 58 (15%) 206 (52%) 132 (33%) 396 (56% of 713)
Logical imputation 58 (11%) 272 (53%) 183 (36%) 513 (72% of 713)

IMDC risk group, number of patients (%)
Favourable Intermediate Poor Total

Complete cases only 65 (17%) 188 (48%) 134 (35%) 387 (54% of 713)
Logical imputation 65 (13%) 247 (47%) 210 (40%) 522 (73% of 713)

Abbreviations: MSKCC, Memorial Sloan Kettering Cancer Center; IMDC, International Metastatic
Renal Cell Carcinoma Database Consortium. ∗Based on consensus cut-off values as presented in
Supplementary Table 4.

Table 3
Discriminative performance of the MSKCC and IMDC models in relation to overall survival and progression-free survival in different

scenarios with regard to missing values and consensus versus hospital-specific cut-off values

MSKCC OS PFS

Scenarios: c-statistic 95% CI c-statistic 95% CI
Complete cases only and consensus cut-offs∗ 0.64 0.60–0.67 0.58 0.55–0.62 n = 396
Logical imputation and consensus cut-offs∗ 0.64 0.61–0.67 0.59 0.56–0.61 n = 513
Complete cases only and hospital-specific cut-offs∗∗ 0.63 0.59–0.67 0.57 0.52–0.61 n = 245
Complete cases only and consensus cut-offs for the subset
of patients for which hospital-specific cut-offs were
available as well∗

0.63 0.59–0.67 0.57 0.52–0.61 n = 245

IMDC OS PFS
Scenarios: c–statistic 95% CI c-statistic 95% CI
Complete cases only and consensus cut-offs∗ 0.64 0.60–0.67 0.59 0.56–0.63 n = 387
Logical imputation and consensus cut-offs∗ 0.64 0.61–0.67 0.60 0.58–0.63 n = 522
Complete cases only and hospital-specific cut-offs∗∗ 0.62 0.58–0.66 0.57 0.53–0.61 n = 242
Complete cases only and consensus cut-offs for the subset
of patients for which hospital-specific cut-offs were
available as well∗

0.63 0.58–0.67 0.57 0.53–0.61 n = 242

Abbreviations: MSKCC, Memorial Sloan Kettering Cancer Center; IMDC, International Metastatic Renal Cell Carcinoma Database Consor-
tium; OS, Overall Survival; PFS, Progression Free Survival; CI, Confidence Interval. ∗Consensus cut-off values as presented in Supplementary
Table 4. ∗∗Hospital-specific cut-off values as presented in Supplementary table 4.

sus and for hospital-specific cut-offs were the same
(Table 3).

The related calibration plots for OS and PFS are
presented in Supplementary Figures 2–7. All mod-
els showed a good match between predicted and
observed curves for OS and PFS, except for the
favourable OS risk group; there, the predicted curve
underestimated survival until ∼42 months and over-
estimated it afterwards.

DISCUSSION

Using data from the EuroTARGET study, we
showed that MSKCC and IMDC risk stratification
profits from an easy-to-apply logical imputation pro-
cedure in which patients with one up to three missing
model characteristics can still be classified correctly

into the intermediate or poor risk group, depending
on the classification model used.

EuroTARGET is a large-scale European observa-
tional study including 62 centres from 5 countries.
Extensive effort was put in retracing missing values
on the pre-treatment characteristics of the MSKCC
and IMDC models by scrutinizing medical files.
Nevertheless, 45% of the patients had at least one
missing value on the pre-treatment characteristics for
either model. We are convinced that we optimized the
extraction of data available in the medical files and
that the current dataset is a realistic representation
of the reporting of these characteristics in clinical
practice. We saw variability in missingness between
countries and centres, reflecting differences in report-
ing standards. For example, corrected serum calcium
was missing for 45% of the Spanish patients and
16% of the Dutch patients. Indeed, variable frequen-
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cies of missing data on MSKCC and IMDC model
parameters are also seen in other studies [6, 7, 20].
Using logical imputation, we were able to classify
∼17% of EuroTARGET patients with at least one
missing value to the poor or intermediate risk group.
Logical imputation did not affect the predictive per-
formance in this study on a group level compared to
a case-deletion approach; the observed c-statistics in
this study for OS for both the MSKCC and IMDC
model was 0.64, in line with previous reports [3,
5–7, 9, 17, 21, 22], and indicating low to moderate
discriminative performance. The gain of using logi-
cal imputation in terms of classifiable patients and
predictive performance in other cohorts will vary,
depending on the distribution of number of known
risk factors and number of missing risk factor vari-
ables for the patients in the dataset of study.

Logical imputation allows for increase in the num-
ber of correctly classified patients in the poor and
intermediate MSKCC/IMDC risk groups but not in
the favourable risk group. Its application may hence
lead to a study sample with complete data which is not
reflective of the originally identified sample. Whether
and to what extent omission of unclassified patients
in a subsequent complete-case analysis may affect the
internal and/or external validity of results, depends on
the research question and statistical analysis at hand.
Researchers should always carefully examine the
effect of missing data on study results and consider
if statistical multiple imputation techniques are nec-
essary. In the logical imputation approach, patients
will only be classified if an unambiguous decision
can be derived from their available data. This in con-
trast with statistical multiple imputation that creates
and uses multiple datasets to deal with uncertainties
of imputation. The use of logical imputation prior to
statistical multiple imputation techniques will result
in a reduction of the missing values that have to be
statistically imputed and can simplify the process of
analyzing the remaining missing data [12].

The MSKCC and IMDC models require the def-
inition of lower and upper limits of normal for
laboratory-based parameters to determine risk fac-
tors. These limits may vary among institutes and
over time due to differences in measurement meth-
ods and reference populations. We indeed saw a large
variation for cut-offs for neutrophil count, corrected
calcium and LDH. Unfortunately, we experienced
that these limits are hard to retrieve in a multi-centre
observational study setting. Relying on consensus-
based cut-offs instead, led to changes in individual
patient classification but only marginally affected the

discriminative performance and calibration. Differ-
ent cut-off values are used between published studies,
especially for neutrophil count which ranged from
4.5 to 7.2 × 109 [6, 9, 14–16]. Various studies also
noticed different cut-off values between participat-
ing hospitals and mention the use of hospital-specific
values for classification of patients [2, 3, 5, 7, 21, 22].
However, several other studies did either not report
on this issue [8, 20, 23] or were single centre studies
[9, 24].

One limitation of our study is the use of data that
is based on sunitinib which is no longer standard of
care. However, the presented procedure can be used
in any situation where the MSKCC or IMDC models
are applied, regardless of treatments.

In summary, MSKCC and IMDC model classifi-
cation of mRCC patients in observational studies is
often hampered by missing data. Here, we demon-
strate an easy-to-apply logical imputation procedure.
It can be applied prior to application of a statisti-
cal multiple imputation procedure and in situations
where such a statistical imputation procedure is
not possible or appropriate. Real-world, off-protocol
cohorts where key variables are missing in substantial
numbers of patients are increasingly used to gener-
ate evidence for health care decision making, also in
mRCC. This underlines the importance of the use of
imputation techniques, including the logical one.
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