
European Journal of Cancer (2015) 51, 852– 860
A v a i l a b l e a t w w w . s c i e nc e d i r e c t . c o m

ScienceDirect

jour na l homepage : www.e jcancer . com
Development and validation of prognostic nomograms
for metastatic gastrointestinal stromal tumour treated
with imatinib
http://dx.doi.org/10.1016/j.ejca.2015.02.015

0959-8049/� 2015 Elsevier Ltd. All rights reserved.

⇑ Corresponding author at: Department of Soft Tissue/Bone Sarcoma and Melanoma, Maria Sklodowska-Curie Memorial Cancer Cen
Institute of Oncology, Roentgena 5, 02-781 Warsaw, Poland. Tel.: +48 22 6439375; fax: +48 22 6439791.

E-mail address: rutkowskip@coi.waw.pl (P. Rutkowski).
Chee Khoon Lee a, David Goldstein b,m, Emma Gibbs a, Heikki Joensuu c,
John Zalcberg d, Jaap Verweij e, Paolo G. Casali f, Robert G. Maki g, Angela Cioffi g,
Grant Mcarthur h, Sarah J. Lord a,i, Desmond Yip j,k, Yada Kanjanapan j, Piotr
Rutkowski l,⇑
a National Health and Medical Research Council Clinical Trials Centre, The University of Sydney, Sydney, Australia
b Department of Medical Oncology, Prince of Wales Hospital, Sydney, Australia
c Department of Oncology, Helsinki University Central Hospital, Helsinki, Finland
d Faculty of Medicine, Nursing and Health Sciences, Monash University, Melbourne, Australia
e Faculty of Medicine, Erasmus University, Rotterdam, The Netherlands
f Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy
g Department of Medicine, Mount Sinai School of Medicine, NY, USA
h Division of Cancer Medicine and Research, Peter MacCallum Cancer Centre, Melbourne, Australia
i School of Medicine, The University of Norte Dame, Sydney, Australia
j Department of Medical Oncology, The Canberra Hospital, Canberra, Australia
k ANU Medical School, Australian National University, Canberra, Australia
l Department of Soft Tissue/Bone Sarcoma and Melanoma, Maria Sklodowska-Curie Memorial Cancer Center and Institute of Oncology, Warsaw,

Poland
m Prince of Wales Clinical School, University of New South Wales, Sydney, Australia

Received 7 November 2014; received in revised form 14 February 2015; accepted 26 February 2015
Available online 19 March 2015
KEYWORDS

Gastrointestinal stromal
tumour
Nomogram
Prognosis
Imatinib
Abstract Purpose: Metastatic gastrointestinal stromal tumour (GIST) is generally an incur-
able disease with variable response to imatinib. We aimed to develop prognostic nomograms
to predict overall survival (OS) and progression-free survival (PFS) for patients treated with
imatinib.
Methods: Nomograms were developed in a training cohort (n = 330) of patients treated in a
randomised trial (EORTC-ISG-AGITG 62005 phase III study) using Cox regression models,
and validated in patients (n = 236) treated in routine clinical care from six referral centres.
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Nomogram performance was assessed by calculating the c statistic. A classification based on
the nomograms’ scores was generated to group patients according to risk.
Results: Nomogram risk factors for OS and PFS were size of the largest metastasis, tumour
genotype, primary tumour mitotic count, haemoglobin and blood neutrophil count at com-
mencement of imatinib. The nomograms predicted survival with a c statistic of 0.75 (training)
and 0.62 (validation) for OS, and 0.69 (training) and 0.62 (validation) for PFS. When tested in
the validation cohort, the nomograms discriminated well the high and intermediate risk from
low risk patients (hazard ratio [HR] for OS 3.83, 95% confidence interval [CI] 1.71–8.56; and
2.48, 95% CI 1.12–5.50; for PFS 2.84, 95% CI 1.66–4.87; and 1.45, 95% CI 0.87–2.41, respec-
tively).
Conclusion: The nomograms predicted the risk of GIST progression and death with good dis-
crimination of risk groups, and may be of value for patient counselling and risk stratification.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Gastrointestinal stromal tumour (GIST) is a distinct
subtype of sarcoma characterised commonly by muta-
tions in the KIT and PDGFRA (encodes the platelet-
derived growth factor receptor alpha) proto-oncogenes
[1,2]. Although metastatic GIST is generally incurable,
treatment with imatinib causes tumour regression or sta-
bilisation in the majority of patients, with a median
overall survival (OS) of at least 5 years [3]. However,
assessment of the risk of cancer progression and death
in an individual remains challenging, as GIST is a
genetically heterogeneous disease and patient response
to imatinib is variable [4].

In patients with localised resectable GIST, risk of dis-
ease recurrence after surgery alone and in those who
receive adjuvant imatinib can be estimated based on
tumour size, mitotic activity, tumour location and rup-
ture [5–8] but not tumour genotype [9,10]. Risk strati-
fication schemes combining these prognostic factors
have been developed to help quantify the likelihood of
recurrence-free survival (RFS) and OS [11,12].

It is unclear whether stratification systems developed
in a localised GIST population are applicable to patients
with metastatic disease – a population with substantially
poorer prognosis. Different factors may be important in
the metastatic setting, for example, tumour genotype
has been reported as having major prognostic significance
in imatinib treated patients [13]. Tools to help classify risk
of death and cancer progression in this population would
be valuable for patient counselling and treatment deci-
sions. For these reasons, we developed prognostic nomo-
grams to group stratify and to provide individualised
predictions of OS and progression-free survival (PFS) in
these patients with metastatic GIST treated with imatinib.

2. Methods

2.1. Patients

We developed the nomograms using data from the
‘training’ cohort of a subset of patients who participated
in the EORTC-ISG-AGITG 62005 phase III study com-
paring a daily dose of 400 mg versus 800 mg imatinib
[14]. These patients had metastatic GIST, and the KIT
and PDGFRA genotype status were available [13]. We
validated the nomograms using data from the ‘validation’
cohort of patients undergoing routine clinical treatment
for metastatic GIST at six large tertiary referral institu-
tions in Warsaw, Helsinki, New York, Sydney,
Melbourne and Canberra in 2000–2013. Patients included
had metastatic GIST, histological confirmation of GIST
diagnosis, known KIT genotype status, had received
first-line therapy with imatinib for metastatic GIST, and
did not participate in any first-line treatment clinical trials
were included. The local institutional review board of
each participating institution approved this study.
2.2. Statistical methods

We estimated OS and PFS probabilities using the
Kaplan–Meier method [15]. From the training cohort,
we developed two multivariate models using Cox propor-
tional hazards regression for OS and PFS outcomes,
respectively. Each patient was assigned a score (scaled
to range from 0 to 100) for each outcome; the score was
based on the weighted sum of the relative importance of
each variable in the multivariate models. We performed
logarithmic transformation whenever appropriate for
continuously measured variables with skewed dis-
tributions. The proportional hazards assumption was veri-
fied [16]. All statistical tests were two-sided, and P values
less than .05 were considered to be statistically significant.

A risk stratification scheme consisting of low-,
intermediate-, and high-risk groups was developed
based on the nomogram scores. This was done by
grouping the scores from all patients into quartiles: the
first quartile formed the low-risk (good-prognosis)
group; the middle two quartiles were combined to form
the intermediate-risk group; and the final quartile
formed the high-risk (poor prognosis) group.

We quantified the discriminatory ability of the nomo-
grams in the training cohort by calculating the c statistic
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Fig. 1. Overall survival and progression-free survival in the training
and validation cohorts. Kaplan–Meier estimates of overall survival
and progression-free survival of patients with metastatic gastrointesti-
nal stromal tumour (GIST) treated with imatinib in the EORTC-ISG-
AGITG phase III study (training cohort) and in routine clinical care
from six institutions (validation cohort). OS = overall survival.
PFS = progression-free survival.
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[17]. We also computed and compared the c statistics
when the nomograms were applied to the validation
dataset. We further illustrated the discriminatory ability
of the nomogram-derived classification systems using
Kaplan–Meier curves and log-rank tests.

The nomograms were also assessed for their calibra-
tion, which is a measure of how closely the predicted sur-
vival outcomes agree with the observed outcomes. We
compared the nomogram-predicted probabilities for
PFS at 1 and 2 years, and for OS at 3 years, with the
corresponding observed PFS and OS probabilities.
Plots that resemble a 45-degree line indicate that the
nomogram predictions are well calibrated. We also com-
puted the v2 statistic [18] to test for goodness-of-fit of the
observed and predicted outcomes. A P value <0.05 for
this test indicates poor calibration of the model (that
is, a significant difference between expected and observed
outcomes).

We recalibrated the nomograms whenever there was
systematic underestimation or overestimation of OS
and PFS risks in the validation cohort. Recalibration
allows the prediction function of the nomograms devel-
oped in a training cohort to be transportable to the val-
idation cohort or other populations with different
baseline risk.

We performed sensitivity analyses to assess the perfor-
mance of the nomograms when the following variables
were excluded: tumour genotype, blood haemoglobin
concentration and blood neutrophil count. We further
assessed the performance of the nomograms when
tumour site was added as an additional variable.

3. Results

The training cohort consisted of 330 patients. The
median follow-up was 34 months (range, 0–43 months).
A total of 216 patients (65%) had disease progression
and 123 (37%) had died. The validation cohort consisted
of 236 patients. The median follow-up was 70 months
(range, 1–159 months). A total of 142 (60%) patients
had disease progression and 107 (45%) had died.
Patients in the training cohort had significantly shorter
OS than those in the validation cohort (median, OS
40.3 versus 66.7 months, respectively, P < .001) and
shorter PFS (median, PFS 22.4 versus 34.0 months,
P < .001; Fig. 1). The baseline characteristics of patients
are summarised in Table 1. Supplementary Fig. 1 shows
the included and excluded patients in the training and
validation cohorts.

3.1. Nomogram for overall survival

Fig. 2A shows the nomogram to predict the probabil-
ity of 3-year OS. A web-based version of this nomo-
gram, Advanced GIST Online, is available at http://
advancedgistonline.ctc.usyd.edu.au to provide individu-
alised estimates of OS. The predictors were the longest
diameter of the largest metastasis (millimetres, logarith-
mic scale), the absolute blood neutrophil count at ima-
tinib initiation (�109/L, logarithmic scale), tumour
genotype, blood haemoglobin concentration at imatinib
initiation (g/dL), and the primary tumour mitotic count
per 50 high-power fields (per 50 HPFs, logarithmic
scale). All variables were statistically significant predic-
tors in univariable and multivariable analyses
(Supplementary Table 1). The c statistic value was 0.75
(95% confidence interval (CI), 0.71–0.80). Therefore,
75% of the time the nomogram correctly predicted the
ordering of the outcome of two randomly selected
patients.

Fig. 3A illustrates the good discriminatory value of
the nomogram when the patients were stratified into
low risk (nomogram score less than 32.67, n = 84),
intermediate risk (nomogram score 32.67–55.72,
n = 164) and high risk (nomogram score higher than
55.72, n = 82) prognostic groups (log-rank P < .001).
When compared with the low-risk group, the high-risk
group was associated with a 13.2-fold increase in risk
of death (hazard ratio (HR) 13.22, 95% confidence inter-
val (CI) 6.00–29.17), and in the intermediate-risk group,
a 5.4-fold increase in risk of death (HR 5.43, 95% CI
2.48–11.86).

When the nomogram was applied to the validation
cohort, the c statistic was 0.62 (95% CI 0.56–0.67).
Fig. 3B illustrates the discriminatory value of the nomo-
gram when the patients in the validation cohort were
stratified into three prognostic groups (log-rank
P < .001). When compared with the low-risk group, the
high-risk group was associated with a 3.8-fold increase
in risk of death (HR 3.83, 95% CI 1.71–8.56) and the
intermediate-risk group was associated with 2.5-fold
increase in risk of death (HR 2.48, 95% CI 1.12–5.50).

http://advancedgistonline.ctc.usyd.edu.au
http://advancedgistonline.ctc.usyd.edu.au


Table 1
Baseline patient characteristics and clinicopathological variables.

Characteristic Training cohort
N = 330

Validation cohort
N = 236

P*

Median age (range) (years) 61 (18–84) 56 (17–87) .004

Sex
Male 206 (62) 133 (56) .15
Female 124 (38) 103 (44)

Primary site of the disease
Stomach 108 (39) 83 (36) <.001
Small bowel 84 (30) 115 (49)
Duodenum 35 (13) 3 (1)
Omentum 13 (5) 1 (<1)
Rectum 18 (6) 4 (2)
Colon 10 (4) 13 (5)
Other 62(19) 16 (7)
Unknown 0 (0) 1 (<1)

Median time, primary diagnosis to initiation of imatinib
(range) (month)

11.3 (0–208) 6 (0–286) .001

Imatinib starting dose (mg)
200 0 (0) 1 (<1) <.001
300 0 (0) 9 (4)
400 160 (48) 207 (88)
600 0 (0) 7 (3)
800 170 (52) 9 (4)

Median size of largest metastasis (mm) (range) 80 (10–306) 80 (10–350) .20
Median primary tumour mitotic count (range)� 5 (1–62) 20 (1–250) <.001

GIST genotype
KIT exon 11 208 (63) 161 (68) .29
KIT exon 9 52 (16) 30 (13)
Wild-type 51 (15) 27 (11)
Other 19 (6) 18 (8)

Median blood neutrophil count (range) (�109/L) 4.9 (1.5–30.6) 4.3 (1.1–15.7) .001
Median blood haemoglobin (range) (g/dL) 12.7 (7.6–17.6) 12.8 (6.4–16.3) .70

Data are number (%) or median (range).
* P for differences in distributions between training and validation cohorts.

� Mitotic count = number of mitoses per 50 high-power fields of the microscope. Other tumour genotypes include
KIT exon 13 (n = 7), KIT exon 17 (n = 3), PDGFRA mutations (n = 9) in the training cohort. Other tumour
genotypes in the validation cohort include KIT exon 13 (n = 5), KIT exon 18 (n = 1), KIT exon 17 (n = 1),
PDGFRA mutations (n = 11).
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3.2. Nomogram for progression-free survival

Fig. 2B shows the nomogram to predict the probabili-
ties of 1-year and 2-year PFS. A web-based version of
this nomogram is available at http://advancedgiston-
line.ctc.usyd.edu.au to provide individualised estimates
of PFS. In multivariable analyses (Supplementary
Table 1), the same predictors for OS were also significant
predictors of PFS except for size of the largest metastasis.
Although it was not statistically significant (P = .11), size
of the largest metastasis was considered to be a clinically
relevant variable and was reintroduced into the model.
The c statistic was 0.69 (95% CI 0.65–0.73).

Fig. 3C illustrates the discriminatory value of the
nomogram when patients were stratified into low-risk
(nomogram score less than 27.54, n = 83), intermedi-
ate-risk (nomogram score 27.54–56.30, n = 165), and
high-risk (nomogram score greater than 56.30, n = 82)
prognostic groups (log-rank P < .001). When compared
with the low-risk group, the high-risk group was asso-
ciated with a 4.8-fold increase in risk of disease progres-
sion or death (HR 4.75, 95% CI 3.15–7.21), and the
intermediate-risk group with 2.3-fold increase in risk
of disease progression or death (HR 2.30, 95% CI
1.55–3.39).

When the nomogram was applied to the validation
cohort, the c statistic was 0.62 (95% CI 0.58–0.68).
Fig. 3D illustrates the discriminatory value of the nomo-
gram when the patients in the validation cohort were
stratified by prognosis groups (log-rank P < .0001).
When compared with the low-risk group, the high-risk
group was associated with a 2.8-fold increase in risk of
disease progression or death (HR 2.84, 95% CI 1.66–
4.87), and the intermediate-risk group with a 1.5-fold
increase in risk of disease progression or death (HR
1.45, 95% CI 0.87–2.41).

http://advancedgistonline.ctc.usyd.edu.au
http://advancedgistonline.ctc.usyd.edu.au
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Fig. 2. Nomograms to predict the probabilities of 3-year overall survival, and 1-year and 2-year progression-free survival. Points are assigned for
largest tumour size, blood neutrophil count, tumour genotype, blood haemoglobin and tumour mitotic count, by drawing a line upward from the
corresponding values to the ‘Points’ line. The sum of these five points, plotted on the ‘Total points’ line, corresponds to predictions of (A)
probability of 3-year overall survival (OS) and median overall survival, and (B) probability of 1-year progression-free survival (PFS) and 2-year
PFS, and median PFS. *Largest metastasis, neutrophils and mitotic count are measured on a logarithmic scale.
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Supplementary Table 2 also summarised the univari-
able analyses of all other variables considered but were
not included in the final multivariable models for OS
and PFS.

3.3. Calibration

When the nomograms were applied to the validation
cohort, the predicted OS and PFS systematically
underestimated the observed survival outcomes.
Recalibration with multiplication with a single scaling
factor (0.547 for OS and 0.739 for PFS) on all the regres-
sion coefficients substantially improved the performance
of the nomograms in the validation cohort (Fig. 4). The
predicted probabilities of OS and PFS illustrated in
Fig. 2 and on the website (http://advancedgistonline.
ctc.usyd.edu.au) have been scaled to better represent
patients in routine care.

http://advancedgistonline.ctc.usyd.edu.au
http://advancedgistonline.ctc.usyd.edu.au
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Fig. 3. Overall survival and progression-free survival of training and validation cohorts according to risk groups. Kaplan–Meier estimates
according to low-, intermediate- and high-risk groups of metastatic gastrointestinal stromal tumour (GIST) patients treated with imatinib, based on
subset of patients enrolled in the (A) training cohort and (B) validation cohort for overall survival, and (C) training cohort and (D) validation
cohort for progression-free survival.
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3.4. Sensitivity analyses

When tumour genotype was excluded in the
multivariable models, the performance of the models
was significantly poorer (Supplementary Table 3).
Exclusions of blood haemoglobin concentration and
the blood neutrophil count also reduced the perfor-
mance of the multivariable models. Inclusion of the
primary tumour site did not improve the models
significantly.

4. Discussion

The nomograms were developed as pragmatic tools
that combine readily available clinical information to
provide rapid and simple prognostic information from
otherwise complex statistical estimates. To our knowl-
edge, this study provides the first prognostic classifica-
tion for metastatic GIST patients treated initially with
imatinib.

Despite differences in the baseline characteristics in
the training and validation cohorts (Table 1), the prog-
nostic nomograms provided good discrimination for OS
(c statistic 0.75 and 0.62, respectively) and PFS (c statis-
tic 0.69 and 0.62, respectively) in both cohorts.
Similarly, there is also good discrimination of survival
outcomes based on a classification system of low,
intermediate and high risk (Fig. 3).

Recalibration was necessary when the nomograms
were applied to the validation cohort as the patients
had significantly longer median OS and PFS times than
the training cohort. At the time when the EORTC-ISG-
AGITG 62005 study was initiated, there was no effective
systemic therapy for advanced GIST, and hence patients
enrolled in that trial likely had more advanced disease
with a greater tumour bulk than most current patients.
The validation cohort, on the other hand, includes
patients with more recent diagnoses and access to multi-
ple lines of tyrosine kinase inhibitors. The differences
between these two populations probably accounted for
the lower c statistics observed in the validation cohort.
The systematic underestimation of the survival in the
validation cohort was hence recalibrated with a single
simple scaling factor on the weights (regression coeffi-
cients) of the individual factors in the nomograms.
Notably the calibration process does not affect hazard
ratio comparisons and hence does not affect the discrim-
ination performance. OS times likely will continue to
improve with increasing therapeutic options and earlier
detection of advanced disease by improved imaging
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Fig. 4. Calibration of nomogram-predicted overall survival and progression-free survival. Observed overall survival compared with nomogram-
predicted at 3 years (A) uncalibrated and (B) recalibrated plot for the validation cohort. Observed progression-free survival compared with
nomogram-predicted survival at 2 years (C) uncalibrated and (D) recalibrated plot for the validation cohort. OS = overall survival.
PFS = progression-free survival. A significant goodness-of-fit P value (P < .05) indicates lack of calibration of the model.
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modalities. Using this recalibration process with future
patient cohort data may allow the nomograms to remain
contemporary.

These nomograms identified predictors of survival in
metastatic patients treated with imatinib, distinct from
those with localised GIST. Tumour genotype has a
major impact in the metastatic population, but evidence
remains conflicting in localised GIST even with adjuvant
imatinib [9,10]. This may partly relate to use of 400 mg
imatinib in an adjuvant study where there might be
poorer outcomes in those with exon 9 KIT mutations
[13]. On the other hand, tumour site has minimal effect
in metastatic GIST (Supplementary Table 3), in contrast
to its large impact on prognosis in localised GIST [8].
Although not a statistically significant variable, size of
the largest metastasis was included in the PFS nomo-
gram as it is widely regarded as an important prognostic
factor.

Nomograms offer an alternative to current practice,
where estimates of prognosis rely on individual clinician
experience or published median survival times. Another
popular alternative would be to use single prognostic fac-
tors, such as GIST tumour genotype, or a simple summa-
tion of factors to predict good versus poor outcomes.
This latter approach fails to account for interactions
and assumes that all prognostic factors are of equal
weight, potentially underestimating survival outcomes
[19]. Nomograms provide more accurate estimates by
combining clinical predictors into single summary mea-
sures. Our online nomogram can also be used to
communicate the level of uncertainty surrounding
individual estimates of survival outcomes for the typical
(half to double the median survival), best-case (triple the
median) and worst-case (one quarter of the median) sce-
narios using the approach developed for use in advanced
breast cancer [20]. In addition to providing improved
prognostic information for counselling, they also have
a role in guiding clinical follow-up assessment frequency
based on risk of relapse, and to stratify future patients
for clinical trials especially if adaptive strategies based
on prognostic factors are being investigated.

This study has several strengths. The nomograms uti-
lised variables that are widely available in clinical prac-
tice. Their performance has been assessed in an
independent dataset of patients undergoing routine
clinical treatment for metastatic GIST from institutions
located in five different countries. There are also poten-
tial limitations. The predictive ability of the nomograms
(c statistic of 0.62 in validation dataset for PFS and OS)
remains modest and further work is required to identify
other factors that impact on survival. The assessment of
mitotic count was variable and not standardised [21].
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Furthermore, we have examined mitotic count using the
standard per 50 HPFs instead of the recent recommen-
dation of number of mitoses on a total area of 5 mm2

[22] as comparative data of whether this new approach
will improve prediction accuracy remains limited. We
have also not looked for all possible prognostic factors
in metastatic GIST such as gene expression profiling
[23]. Despite these limitations, the present nomograms
represent a useful advancement, and could act as a plat-
form to incorporate new prognostic factors as our
understanding of the biology of GIST progresses and
new treatment strategies emerge.

In summary, the nomograms developed in a clinical
trial population predicted the risk of GIST progression
and death with good discrimination of risk groups in
routine-care populations. This work also generates
new risk stratification schemes for patients with meta-
static GIST treated with imatinib.
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