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ABSTRACT

Objective

Models to predict the probability of recurrence free survival exist for various types 
of malignancies, but a model for recurrence free survival in individuals with an adult 
granulosa cell tumor (GCT) of the ovary is lacking. We aimed to develop and internally 
validate such a prognostic model.

Methods

We performed a multicenter retrospective cohort study of patients with a GCT. 
Demographic, clinical and pathological information were considered as potential 
predictors. Univariable and multivariable analyses were performed using a Cox 
proportional hazards model. Using backward stepwise selection we identified the 
combination of predictors that best predicted recurrence free survival. Discrimination 
(c-statistic) and calibration were used to assess model performance. The model was 
internally validated using bootstrapping techniques to correct for overfitting. To 
increase clinical applicability of the model we developed a nomogram to allow individual 
prediction of recurrence free survival.

Results

We identified 127 patients with a GCT (median follow-up time was 131 months (IQR 70-
215)). Recurrence of GCT occurred in 81 out of 127 patients (64%). The following four 
variables jointly best predicted recurrence free survival; clinical stage, Body Mass Index 
(BMI), tumor diameter and mitotic index. The model had a c-statistic of 0.73 (95% CI 
0.66-0.80) and showed accurate calibration. 

Conclusions

Recurrence free survival in patients with an adult GCT of the ovary can be accurately 
predicted by a combination of BMI, clinical stage, tumor diameter and mitotic index. 
The introduced nomogram could facilitate in counseling patients and may help to guide 
patients and caregivers in joint decisions on post-treatment surveillance. 
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INTRODUCTION

Ovarian cancer is the leading cause of death from gynecologic malignancies.1 Granulosa 
cell tumors (GCTs) are derived from sex cord-stromal cells within the ovary and represent 
the most common type of ovarian sex cord-stromal tumors. Based on clinical presentation 
and histologic characteristics, two different types of GCT have been determined; the 
juvenile (5%) and the adult GCT (95%). 

Adult GCT is a rare disease and usually presents in an early-stage, but often due to 
its indolent behavior, recurrences appear many years after the original diagnosis, up 
to 37 years is described.2,3 Surgery is the first choice of treatment for recurrence, but 
chemotherapy, hormonal agents and radiotherapy are treatment modalities for recurrent 
disease as well. Although they are widely administered, the optimal management is 
debatable.4,5 

In terms of development of GCTs, Boyce et al. have suggested an association of non-
white race and obesity as risk factors. In this case-control study, patients with GCT were 
significantly more likely to be obese with a Body Mass Index (BMI) >30. They hypothesize 
that unopposed estrogen environments, such as obesity, might be associated with GCT 
development and recurrent disease, similar to the endometrial cancer theory.6 Earlier 
research has identified several risk factors for recurrence and survival of GCT in multiple 
studies, such as stage of disease7-15, age at diagnosis10,11,15-17, residual tumor after 
initial surgery9,12,13,18,19, mitotic index13,16,19,20, nuclear atypia8,19,20, tumor size16,18, tumor 
rupture8,12 and presentation of disease.11,16

Prognosis refers to the probability or risk of an individual to develop a state of health 
over a specific time, based on the profile of the individual. Prognostic studies intend to 
predict outcomes from multiple variables rather than only investigating whether a single 
variable may be of prognostic value.21 On the relative importance of the aforementioned 
prognostic factors for the individual patients is no consensus, and despite identification 
of these factors, their joint prognostic value has not yet been examined. Currently, no 
model is available that uses a combination of demographic, clinical and/or pathological 
parameters that are known after primary treatment to accurately predict the recurrence 
free survival. 

Therefore, it is not possible to predict recurrence free survival in individual patients, 
which makes it difficult to apply risk stratification and individualize follow-up. 
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Identification of patients at high risk of recurrent disease after primary treatment would 
be very helpful both for patient counseling and determining the intensity of clinical 
follow-up after primary treatment. The latter argument, to intensify follow-up and 
to identify a recurrence at an early stage might be important since surgery is the first 
treatment option for recurrent disease. Therefore, the aim of this study was to develop 
and internally validate a prognostic model to predict recurrence free survival in patients 
with an adult GCT of the ovary. Similar to prediction models in other malignancies we 
developed a nomogram to facilitate clinical applicability of the model.22-25

PATIENTS AND METHODS

Study population

All patients with an adult GCT of the ovary were identified from tumor registry databases 
of the Center for Gynecologic Oncology Amsterdam (CGOA), consisting of 3 referral 
hospitals for gynecologic oncology. All patients were primarily treated or referred after 
primary treatment to the CGOA center, between 1962 and 2013. Patients were included 
in this study if they had at least one clinical visit at one of the referral hospitals.

Outcome and predictors

Our primary outcome measure was recurrence of disease, defined as the presence of 
disease confirmed by pathologic diagnosis, imaging and/or elevation of tumor markers 
(inhibin). Local recurrence was defined as granulosa cell tumor that recurred at or near 
the same place as the original primary tumor. Recurrence-free survival (RFS) was defined 
as the time period from the date of initial diagnosis to the first observation of recurrence 
or death of disease. Follow-up period was defined as the date of primary diagnosis to 
the time of either death or last follow-up visit. Patients were censored for RFS analysis 
if they were alive without disease at the last follow-up visit, or if they were disease free 
and died of causes unrelated to their ovarian GCT. 

Candidate predictors for recurrence were selected based on earlier studies and 
clinical reasoning and included demographic, clinical and pathologic characteristics. 
Demographic data included age at diagnosis (years) and BMI7,11,17, clinical data included 
clinical presentation (with or without symptoms), residual disease after primary treatment 
(yes or no) and adjuvant therapy (yes or no)7,9,11,17,18,19,26 and pathologic data included 
clinico-pathological International Federation of Obstetrics and Gynecology (FIGO) stage 
(I versus higher stage), diameter of the tumor (centimeters) and mitotic index (<5 versus 
≥5 per 10 high power fields (HPF)).7,9,11,18,19 BMI was defined as the individual’s body mass 
divided by the square of their height with the value universally being given in units of 



Prognostic model for recurrence free survival in GCT 41

3

kg/m2. Symptoms of abnormal vaginal bleeding, abdominal pain, infertility problems or 
other symptoms of hormonal imbalance were monitored. Adjuvant therapy included 
chemotherapy, radiotherapy and hormonal therapy. The tumor diameter was extracted 
from the pathology reports and therefore measured by the pathologist.

Most patients included in this study had no complete pathological staging procedure. 
FIGO stage was based on clinical examination, imaging, careful examination and, 
where applicable, pathology of biopsies taken from suspected areas during surgery. 
In general, in young women a unilateral salpingo-oophorectomy was performed while 
in postmenopausal women a transabdominal hysterectomy with bilateral salpingo-
oophorectomy and supplementary accurate removal or biopsy of any abnormal 
peritoneal surface area, omentum or enlarged lymph nodes was carried out. The 
information regarding mitotic index was copied from the pathology reports.

Only those predictors that were known after primary treatment were included since the 
aim of the study was to predict recurrence free survival after primary treatment.

Statistical analysis

We performed descriptive statistics to define the patient population. The variables BMI, 
clinical presentation, residual disease after primary treatment, adjuvant therapy, clinical 
FIGO stage, diameter of the tumor and mitotic index had missing values. To avoid biased 
results, multiple imputation (ten times) was used to obtain complete data, without loss 
of power.27 Observed patient characteristics, the outcome of disease recurrence, death 
of GCT and time to recurrence and death were taken into account to impute the missing 
data. 

We performed univariable and multivariable Cox proportional hazards regression to 
study the associations between the potential predictors and RFS. The following variables 
were dichotomized: presentation of disease with or without symptoms, clinical FIGO 
stage I versus stages II-IV and mitotic index <5 versus ≥5 per 10 HPF. Age at diagnosis, 
BMI and diameter of the tumor were analyzed as continuous variables. Linearity of their 
association with the outcome was assessed using restricted cubic splines.28 Although 
pre-selection based on the univariable analysis is not recommended in general29, we 
performed a pre-selection for the multivariable analysis based on the p-value (<0.05) in 
the univariable analysis in order to retain a reasonable number of events per variable 
to fit the multivariable model.30 The model that best predicted recurrence free survival 
was obtained with a backward stepwise selection procedure using Akaike Information 
Criterion (AIC). As imputed data sets differ from each other, predictor selection was 
performed in each of the ten imputation sets separately. For inclusion in the final 
prediction model, we used the majority method, i.e. predictors were included in the 
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final model if selected in at least five out of ten imputation sets.31 Using Rubin’s rules we 
combined the regression coefficients and standard errors of the final predictors in each 
imputation set separately to come to the final prediction model.32  

With every model development there is a chance of overfitting, meaning that the 
model is too strongly fit to the data from which it was developed and consequently may 
perform poorly when validated externally. In order to assess the degree of overfitting 
or optimism, we internally validated the model using bootstrapping techniques. One 
hundred bootstrap samples were drawn from the original data set with replacement, 
allowing for multiple sampling of the same individual. Within each bootstrap sample the 
entire modeling process described above was repeated. This yielded a shrinkage factor, 
with which the regression coefficients of the predictors were multiplied (uniformly 
shrunken) to correct the model for optimism and overfitting.28 

We assessed performance of the model by discrimination and calibration. The ability of 
the model to discriminate between patients with and without a recurrence of GCT was 
calculated through Harrell’s overall concordance (c) statistic. 33 A c-statistic of 0.50 has 
no discriminative power at all, while 1.0 reflects perfect discrimination. This is similar to 
the area under the receiver operation characteristic (ROC) curve for uncensored data. 
Calibration is the agreement between event rates predicted by the model and the event 
rates observed for patients at a certain time, and was assessed in a calibration plot. 
We assessed the calibration of the model at a fixed time point of five years. A perfect 
calibration would show identical predicted risks and observed proportions. Based on the 
final model, a nomogram for recurrence free survival was constructed to allow improved 
clinical application.

All tests were considered significant at a level of 0.05. Analyses were performed using 
the SPSS statistical software program version 20 (SPSS Inc., Chicago, IL, USA) and the R 
statistical software environment version 2.15.2 (R Foundation for Statistical Computing, 
Vienna, Austria).
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RESULTS

One hundred and twenty-seven patients with a diagnosis of adult GCT of the ovary 
were included. Median age at diagnosis was 50 years (IQR 43-58). Outcome data 
were available for all patients. Median follow-up time was 131 months (IQR 70-215). 
All patients underwent primary surgery, of whom 17 of 127 patients had a complete 
surgico-pathological staging procedure. Adjuvant therapy was administered in 10% 
(chemotherapy 3.2%, radiotherapy 7.3%, hormone therapy 1.6%). Eighty-one patients 
developed a recurrence of GCT (64%), of which 77 involved local recurrences. Potential 
clinicopathological prognostic variables for recurrence free survival are presented in 
Table 1.

Table 1. Potential clinicopathological prognostic variables for recurrence free survival.

Variable Original database 
n=127

Na Completed database 
n=127

Age at diagnosis (years)b 50 (43-58) 127 50 (43-58)

BMIb 26 (23-30) 37 26 (23-32)

Presentationc

No symptoms
Symptoms

11 (12%) 
83 (88%) 

94
26 (21%) 

101 (79%)

Residual disease after primary treatmentc

No
Yes

115 (93%) 
8 (7%) 

123
117 (92%)

10 (8%) 

Adjuvant therapyc

No
Yes

104 (89%) 
13 (11%) 

117
113 (89%) 

14 (11%) 

FIGO stagec

I
II-IV

93 (76%) 
30 (24%) 

123
94 (74%) 
33 (26%) 

Tumor diameter (cm) b 10 (7-15) 92 11 (7-15)

Mitotic indexc

< 5 / 10 HPF
≥ 5 / 10 HPF

 
39 (45%) 
47 (55%) 

86
64 (50%) 
63 (50%) 

aN is the number of non-missing values in the original database.
bPresented is the median with lower and upper quartiles for continuous variables.
cPresented are percentages and frequencies.
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Median RFS was 78 months (IQR 43 - 127) and overall five-year RFS was 72%. Assessment 
of the linearity of the associations between continuous variables and the outcome 
showed that age was not linearly associated with recurrence free survival. Based on 
this finding we decided to dichotomize age at diagnosis into ≤50 and >50 years. BMI 
was linearly associated with the outcome and was therefore not transformed. Tumor 
diameter was not linearly related with the outcome and was transformed using a 
logarithmic transformation to achieve linearity.

The results of the univariable and multivariable analyses are presented in Table 2. Five 
out of eight potential predictors were associated with recurrent disease in univariable 
analysis; BMI, residual disease after primary treatment, clinical FIGO stage, diameter of 
the tumor and mitotic index. 

 

The final model identified in multivariable analysis showed that a clinical FIGO stage 
higher than I (HR 1.96, 95% CI 1.05-3.66), higher BMI (HR 1.06, 95% CI 1.01-1.11), a 
larger diameter of the tumor (HR 1.48, 95% CI 0.95-2.30), and a mitotic index of more 
than 4 per 10 HPF (HR 2.59, 95% CI 1.42-4.72) decreased the recurrence free survival of 
patients with a GCT. 

The model had a moderate discriminative ability with a c-statistic of 0.73 (95% CI 0.66-
0.80) and showed accurate calibration (Fig. 1). 

Table 2. Univariable and multivariable recurrence free survival analysis.

Univariable analysis Multivariable analysisa 

Variable HR (95% CI) p-value ß HR (95% CI) p-value

Age at diagnosis (years) 
>50 years

1.18 (0.76-1.85) 0.455 -

BMI 1.06 (1.01-1.12) 0.029b 0.058 1.06 (1.01-1.11) 0.013

Presentation with 
symptoms

1.27 (0.50-3.26) 0.60 -

Residual disease after 
primary treatment

4.39 (1.96-9.80) <0.001b
Not 

selected

Adjuvant therapy 0.64 (0.27-1.51) 0.31 -

FIGO stages II-IV 1.93 (1.20-3.09) 0.006b 0.67 1.96 (1.08-3.55) 0.026

Log(Tumor diameter (cm)) 1.61 (1.09-2.38) 0.017b 0.40 1.48 (0.96-2.28) 0.072

Mitotic index ≥ 5 / 10 HPF 3.11 (1.86-5.19) <0.001b 0.95 2.59 (1.41-4.78) 0.002

HR, hazard ratio; CI, confidence interval; ß, regressions coefficient; BMI, Body Mass Index; FIGO, 
International Federation of Obstetrics and Gynecology. 
aAdjusted for optimism with a mean (over imputation sets) shrinkage of 0.85. 
bStatistically significant with a p-value <0.05 and therefore selected for multivariable analysis.
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In the Appendix A, the accuracy measures for different cut-off values for the predicted 
risk of recurrence free survival for 2, 5 and 10 years are shown. For different cut-off 
values, these tables provide sensitivity, specificity, positive and negative predictive 
values and true positive and false positive rates.

The recurrence free survival can be calculated from the multivariable model with the 
formula: recurrence free survival = (S0(t))

exp((FIGO  x 0.67) + (log(TD) x 0.40) + (MI x 0.95) + (BMI x 0.058) – 3.15), 
where S0(t) is the average RFS at time t (0.90, 0.77, and 0.41, at two, five, and ten 
years, respectively), FIGO is the FIGO stage higher than I, TD is the tumor diameter, 
MI is the mitotic index of more than 4 per 10 HPF and BMI is the BMI of the patient. 
As an example, a patient with a FIGO stage IIIC, a diameter of the tumor of 16 cm, a 
high mitotic index of 9 per 10 HPF and a BMI of 32 would have a five-year recurrence 
free survival estimated to be 34% (0.77exp((1*0.67) + (log(16)*0.40) + (1*0.95) + (32*0.058) – 3.15)). As an 
alternative example, a patient with a clinical FIGO stage I, a diameter of the tumor 
of 5 cm, a low mitotic index of 2 per 10 HPF and a BMI of 22 has an estimated five-
year recurrence free survival of 93% (0.77exp((0 x 0.67) + (log(5) x 0.40) + (0 x 0.95) + (22 x 0.058) – 3.15)). 

Figure 1. Calibration plot of the observed proportion against the predicted probability of recurrence 
of granulosa cell tumor disease. The dotted line represents the ideal line where the actual 
probability of recurrence matches the predicted probability. The solid line represents the observed 
recurrence risk where the actual probability is slightly different from the predicted probability. The 
dots indicate quintiles with confidence intervals of patients with similar predicted risk.
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The nomogram to allow easy clinical application and constructed with the identified 
predictive parameters is shown in Fig. 2.

Figure 2. Nomogram for predicting two-, five- and ten-year recurrence free survival for patients 
with a granulosa cell tumor. Average recurrence free survival: two-years, 0.90; five-years, 0.77; 
ten-years, 0.41.

Instructions: The nomogram allows the user to obtain two-, five- and ten-year recurrence free 
survival corresponding to a patient’s combination of variables. For instance, on the axis with ‘FIGO’ 
locate the patient’s FIGO stage. Determine the number of points associated with the particular 
FIGO by drawing a straight line from the ‘FIGO’ axis upward to the ‘Points’ axis. This process can be 
repeated for the other axes of Tumor Diameter, Mitotic Index and BMI, by drawing a straight line 
upward for each variable. Sum the points received for each variable and locate this number on the 
‘Total Points’ axis. To conclude the patient’s recurrence free survival after two, five or ten years, 
draw a straight line down to the corresponding ‘2-year, 5-year or 10-year survival’ probability axis. 
For example, a patient with a FIGO stage IIIC, a diameter of the tumor of 16 cm, a high mitotic 
index of 9 per 10 HPF and a BMI of 32 would have around 150 points in total, corresponding with 
a five-year recurrence free survival estimated at 34%.
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DISCUSSION

Principal findings

In this study we found that five-year recurrence free survival in patients with an adult 
GCT of the ovary can be predicted using a combination of BMI, clinical FIGO stage, tumor 
diameter and mitotic index of the tumor. The model showed moderate discrimination 
and calibration.

Strengths and limitations

Prognostic models in ovarian cancer have been developed in earlier studies, but a model 
specifically for GCTs was lacking.34-36 Because studies exist on prognostic variables for 
GCT, a significant strength of our study is that we studied almost exclusively prognostic 
variables that were described before. Therefore, we did not test a huge number of 
hypothetically potential prognostic variables to find an association with recurrent 
disease, which could lead to false results.37 Furthermore, we studied demographic, 
clinical as well as pathological potential predictors and created an accessible, easy-to-
use nomogram with only four variables. These four variables are always available after 
primary surgical treatment and therefore no additional diagnostics have to be performed. 
Although our model showed moderate discrimination and calibration, in comparison 
with predictive models in other malignancies a c-statistic of 0.73 resembles a relatively 
good performance.34,38,39 Currently, only FIGO stage is being used for the prediction of 
recurrence. The ability of the FIGO stage to discriminate between individuals with and 
without recurrence is poor with a c-statistic of 0.58 (95% CI 0.53-0.64). If the three other 
factors that were shown to be of predictive value in our study (BMI, tumor diameter 
and mitotic index) are added, the discriminating capability significantly increases to a 
c-statistic of 0.73 (95% CI 0.66-0.80). Therefore it can be concluded that the current 
model improves the accuracy of predicting PFS when compared to estimations based 
on FIGO stage alone. Lastly, advantages of our study concern the long median follow-up 
period of 131 months and low heterogeneity in primary treatment, because all of our 
patients received surgery as part of their primary treatment.

The present study also has some potential limitations; First, the retrospective design 
of the study, the long study period and the small sample size. Because of the rarity of 
the disease the long study period is inevitable. Despite this long study period we do 
not expect that this substantially influenced the results of the study, mainly because 
the treatment of granulosa cell tumors did not change substantially in this time period. 
Moreover, compared to other studies about the rare adult GCT, we studied a relatively 
large group of patients. An important point for discussion of this study is the fact that 
patients were not completely staged, as is routine practice in epithelial ovarian cancer. 
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Therefore it must be underlined that we do not have information about the validity 
of our model if all patients would have been completely surgico-pathologically staged 
including pelvic and para-aortic lymph node sampling, multiple peritoneal biopsies and 
omentectomy. There is a discussion about the relevance and consequences of complete 
surgico-pathological staging in granulosa cell tumors reflected by recent publications on 
the limited value of a complete staging procedure for granulosa cell tumors.5,40 Therefore 
we feel that this study is applicable for routine practice since many patients will not 
undergo a complete staging procedure.

A recurrence rate of 64% is high for granulosa cell tumor patients. The reason is that 
many patients were only referred from peripheral hospitals after they were diagnosed 
with recurrent disease. As such, the developed model is primarily to be used in referral 
centers. The applicability for peripheral centers is questionable, although the associations 
between the predictors and the outcome (recurrence) do not have to necessarily be 
different between patients from referral and peripheral centers. However, the incidence 
of the outcome may be different between these hospital types. Whether the model 
is generalizable to the peripheral population can be investigated by performing a 
validation study. When indeed the only difference between the two hospital types lies 
in the incidence, this could easily be corrected for by adjustment of the baseline hazard.

Furthermore, because not all patients were completely staged, some clinically stage I 
patients could in fact have presented a higher stage disease if they had been completely 
staged.

The percentage of missing values such as for BMI was considerable, but a complete case 
analysis is likely to lead to biased results due to often selectively missing data.27  Therefore, 
we enhanced the reliability and precision of the predictor-outcome associations by 
multiple imputation. Finally, our model was internally validated by bootstrapping. 
However, the model needs external validation to demonstrate its generalizability.

Univariable analyses for disease specific survival were performed, but due to the 
low number of events of disease specific death, a multivariable analysis could not be 
performed (data not shown). However, clinically we feel that in patients with a GCT a 
model that predicts recurrence is more relevant than a model that predicts survival, 
because in the case of a patient with a high recurrence risk a more frequent follow-
up after primary treatment could lead to a lower probability of an irresectable tumor 
recurrence. 
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Relation to other studies

Previous studies of GCTs have reported several prognostic factors.7-20 Of these, certain 
factors such as age, presentation of disease and administration of adjuvant therapy 
did not show to be of significant prognostic value in our study. Of other factors, such 
as cytologic atypia, information was not available from our data. Residual disease was 
a potential prognostic variable that was described in various other reports.9,12,13,18,19 
Although residual disease was significantly associated with recurrent disease in 
univariable analysis, this was not the case in multivariable analysis. A possible explanation 
is that nearly all patients with residual disease were in advanced stages at diagnosis. The 
association between residual disease and the outcome is possibly explained by the other 
prognostic factors in the model such as clinical FIGO stage, making residual disease a 
redundant factor for RFS prediction. Uygun et al. described an equal phenomenon.14 

Of the four final variables in the model, three had been extensively described before as 
prognostic variables.7-16, 18-20 We hypothesize that all three, a higher FIGO stage, a larger 
diameter of the tumor and a higher mitotic index are in fact all consequences of a more 
advanced disease, leading to a lower recurrence free survival. 

Furthermore, our data indicated that a higher BMI was associated with a shorter recurrence 
free interval. BMI had not previously been identified as a prognostic variable, only as a 
potential cause of GCT development.6 As obesity, an unopposed estrogen environment, 
might be associated with GCT development, a higher BMI could also lead to a higher 
chance of recurrent disease. Boyce et al. revealed a trend toward a higher recurrence rate 
for those with a BMI of more than 30 versus less than 30, but their sample size was too 
small to determine whether this was a significant association.6 In patients with advanced 
epithelial ovarian cancer, Pavelka et al. reported an independent association of obesity 
with recurrence and overall survival. The authors suggest an effect of obesity on the biology 
of the tumor.41 Thus, BMI seems to be a biologically plausible prognostic factor. As obesity 
has reached epidemic proportions around the world this finding could be of great value. 

Meaning of the results

In conclusion, we found that the RFS of GCT can be predicted with moderate discriminatory 
capability using a simple and practical four-variable model including BMI, clinical FIGO 
stage, diameter of the tumor and mitotic index. 

Although the model still needs external validation, we created an accompanying nomogram 
that is clinically useful in patients with a GCT, after primary treatment, to predict RFS at 
different times of follow-up. The nomogram could be helpful to inform individual patients 
more accurately about the future course of their illness and to guide patients and caregivers 
in joint decisions on further treatment and post-treatment surveillance.
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APPENDIX A
Accuracy measures (%) for different cut-off values of the predicted risk of recurrence free survival 
for 2, 5 and 10 years.

2-year RFS Sens Spec PPV NPV TPR FPR
Cut-off value

>10% NA NA NA NA NA NA
>20% NA NA NA NA NA NA
>30% NA NA NA NA NA NA
>40% 100 4 87 88 100 96
>50% 100 7 88 85 100 93
>60% 100 12 88 79 100 88
>70% 97 23 89 57 97 78
>80% 86 45 91 34 86 55
>90% 52 93 98 23 52 8

NA, not available; sens: sensitivity; spec: specificity; PPV: positive predictive value; NPV: negative 
predictive value; TPR: true positive rate (or sensitivity); FPR: false positive rate.

5-year RFS Sens Spec PPV NPV TPR FPR
Cut-off value

>10% 100 2 71 100 100 98
>20% 100 4 72 100 100 96
>30% 100 7 73 89 100 93
>40% 98 13 73 72 98 87
>50% 93 20 74 54 93 80
>60% 87 42 78 56 87 59
>70% 74 70 86 52 74 30
>80% 51 89 92 43 51 12
>90% 16 99 96 32 16 2

sens: sensitivity; spec: specificity; PPV: positive predictive value; NPV: negative predictive value; 
TPR: true positive rate (or sensitivity); FPR: false positive rate.

10-year RFS Sens Spec PPV NPV TPR FPR
Cut-off value

>10% 96 16 38 89 96 84
>20% 94 38 45 92 94 62
>30% 89 58 53 91 89 42
>40% 76 72 59 85 76 29
>50% 64 81 64 81 64 19
>60% 49 92 76 77 49 8
>70% 28 98 88 72 28 2
>80% 4 100 100 66 4 0
>90% NA NA NA NA NA NA

sens: sensitivity; spec: specificity; PPV: positive predictive value; NPV: negative predictive value; 
TPR: true positive rate (or sensitivity); FPR: false positive rate.


