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Abstract

Background
It is often clinically useful to classify tumor markers into risk groups. This study was aimed to investigate
whether beginning with a statistically sound method would �nd cut points more reasonable than
conventional ones.

Methods
We used data of endometrial cancer including 442 patients. The optimal number of cutoffs was based on
the Akaike criterion and statistical algorithms were adapted to �nd the best locations. Codes were
provided as a package.

Results
Myometrium invasion was an independent risk factor for lymph nodal metastasis when strati�ed into
three groups by 0.41 and 0.89. Tumor size was an independent risk factor for overall survival when
strati�ed into two groups by 4.11 cm. Both had better prediction than conventional choices and clinical
relevance.

Conclusion
A statistically sound algorithm should be used to stratify patients into risk groups.

Background
In clinical practices, it is often helpful to classify continuous biomarker values into differential risk groups
to facilitate evaluation of a biological, physiological, or pathological state, and methods of classi�cation
of biomarkers have been increasingly applied in disease diagnosis, monitoring of disease progression,
assessment of prognosis, and development of pharmaceutical agents. Although multiple statistical
methods are available to determine a cut point, they have not been well recognized in biomedical studies,
which may have led to choices of classi�cation that do not correspond to the most signi�cant split of risk
levels. Here we employed data of endometrial cancer to investigate whether a statistically sound method
would �nd cut points that were more reasonable than conventional ones.

Endometrial cancer, i.e., malignant tumors in the corpus uteri, is the third most common female cancer
worldwide [1]. A study has shown that the incidence rates increased over time, in consecutive generations
and in several countries [2]. The estimated cumulative risk of endometrial cancer is 0.96%, and the 5-year
overall survival depends on the stage and ranges from 74–96% [3, 4]. The 2009 International Federation
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of Gynecology and Obstetrics (FIGO) is commonly used for staging, and it includes assessment of
myometrial invasion and lymph node metastasis [5]. Aside from the factors in the FIGO classi�cation, a
variety of factors have also been identi�ed to be associated with prognosis such as histological grade
and type, tumor size, and lymphovascular space involvement [6].

In clinical practices, it is often desired to reduce continuous variables, such as the invasion depth to
myometrium and tumor size, into categorical ones for a clear guideline of the use of prognostic factors.
Classi�cation of continuous factors into risk groups has entailed numerous efforts. For example, the
differentiation between stage IA and IB is well established to be whether the fraction of myometrial
invasion exceeds 50% [5], and a tumor larger than 2 centimeters (cm) has been implicated to be
associated with lymph node metastasis [7, 8].

However, in most previous studies, patients were �rst grouped based on a certain cutoff value, say, 2 cm
of tumor diameters, and the risk of the two groups were compared and tested. If a signi�cant difference
between the two groups was identi�ed, the pre-determined cutoff value was recognized as the
classi�cation criterion. Such an approach might have missed potential cut points corresponding to the
most signi�cant differentiation. Therefore, the aim of this study was to identify, based on statistical
evidence, the cut points (including numbers and locations) of tumor size and myometrial invasion
fraction that could best tell apart the risk of patients with endometrial cancer in relation to lymph node
metastasis and overall survival. The predictive power, in comparison to the conventional cuts, and the
clinical relevance of the cut points identi�ed were also to be explored. We also aimed to provide codes for
researchers to use in their future studies.

Methods
A retrospective chart review was performed in the Kaohsiung Veterans’ General Hospital (KSVGH), a
public teaching hospital in southern Taiwan. The acquisition of patient data was approved by the
Institutional Review Board of Kaohsiung Veterans’ General Hospital and was in accordance with the
Declaration of Helsinki. Patients’ written informed content was waived by the IRB. A total of 447 patients
who had endometrial cancer were identi�ed from 1997 to 2010. The patients’ information, including
demographic and clinical data, was registered. Five patients were excluded in the initial stage of the study
due to scanty information available.

All the statistical analysis was carried out with the statistical computing and graphic drawing language, R
[9]. Univariate and multivariate analyses were performed based on the Cox proportional hazards model in
the case of survival data (overall survival as the response) and logistic regression model in the case of
binary outcome (lymph node metastasis as the response). Choice of the optimal number of cut points
was based on the Akaike information criterion (AIC) in that the smallest AIC value gave the best choice. In
the case of survival analysis, the algorithms of calculating AIC values to determine the optimal number of
cut points and identifying their locations were given by Chang et al [10], which is an improved version
with very high accuracy of �nding the correct number of cut points over a previous R-coded program [11].
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The same algorithms were applied here for the binomial response, i.e., lymph node metastasis, with
modi�cation tailored to binomiality, and the codes are provided in Supplementary File 1 with an example
as Supplementary File 2. Predictive power in the survival analysis was evaluated by concordance
statistics (C-index), and in the binomial logistic analysis, sensitivity, speci�city and area under curve
(AUC). Calculations of AIC, c-index, speci�city, sensitivity, area under curve (AUC) and accuracy were all
based on 5-fold validation: the data were randomly divided into 5 groups with four as the training set and
one as the validation set, and the procedure was repeated for 50 times.

Results

Patient information
Four hundred and forty-two patients with endometrial cancer were included in the analysis. Their baseline
demographic and clinical characteristics are shown in Table 1. The median age of the patients was 54
years; most of them were at an early stage (65.2%) and had a type I, or, endometrioid tumor (78.5%); less
than 10% of the patients had lymph node metastasis; 50 patients saw their disease relapsed, and 52 died.
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Table 1
Baseline Characteristics of the Patients

Characteristics (n = 442) Median (range)

Age, years 54 (22–88)

Body mass index 25.3 (15.1–62.5)

Tumor size, cm 3.9 (0.5–24.5)

Overall survival, days 1,228 (6–7,309)

FIGO stage number (%)

IA 227 (51.4)

IB 61 (13.8)

II 27 ( 6.1)

III 51 (11.5)

IV 27 ( 6.1)

unknown 49 (11.1)

Histologic grade  

well differentiated 222 (50.2)

moderately differentiated 102 (23.1)

poorly/undifferentiated 79 (17.9)

unknown 39 ( 8.8)

Histologic type  

type I (endometrioid) 334 (78.5)

type II (serous, clear cell) 13 ( 3.0)

mixed 16 ( 3.6)

others1 28 ( 6.3)

unknown 38 ( 8.6)

Lymph node status  

non-metastatic 348 (78.7)

metastatic 34 ( 7.7)

1, mucinous, leiomyosarcoma, atypical hyperplasia, endometrial stromal sarcoma and
carcinosarcoma.
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Characteristics (n = 442) Median (range)

unknown 66 (13.6)

Myometrium invasion  

no invasion 143 (32.4)

invasion depth < 50% 94 (21.4)

invasion depth ≥ 50% 97 (22.0)

unknown 108 (24.2)

Recurrence 50 (11.3)

Death 52 (11.8)

1, mucinous, leiomyosarcoma, atypical hyperplasia, endometrial stromal sarcoma and
carcinosarcoma.

Optimal cutoff choices for myometrium invasion fraction
and tumor size
Based on the criteria that the most signi�cant split should be the optimal cut point(s), the fraction of
myometrium invasion depth was assessed by calculating the AIC values when one, two, or three cuts
were made in response to death and lymph node metastasis and their respective locations of cutoffs in
each scenario. As shown in Table 2, when death (overall survival time) was used as the outcome, the
optimal cut point was 0.9 as the corresponding AIC value was the smallest, and when lymph node
metastasis was the outcome, it was best to have two cut points at 0.41 and 0.89 as the corresponding
AIC value was the smallest. These choices of cut points can also be visualized in Fig. 1.

Table 2
Optimal number and locations of cutoff points of myometrium invasion fraction

cuts Overall survival Lymph node metastasis

AIC Locations Hazards
ratios1

AIC Locations Odds ratios1

1 172.93* 0.90 1.51 98.81 0.89 9.39

2 174.85 0.28, 0.91 1.38, 1.39 97.11* 0.41, 0.89 2.68, 18.37

3 176.51 0.28, 0.53,
0.56

1.49, 1.42, 1.49 97.54 0.20, 0.42,
0.90

1.66, 4.25, 24.52

1, In case of two and three cutoff points, the �rst hazards/odds ratio is the ratio of group two to one,
the second, group three to one, and the third, group four to one.

* The smallest AIC value shows the best choice of the number of cutoff points.
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Similar analyses were performed on tumor size in order to �nd the optimal cut points of tumor size
related to risk of death and risk of lymph node metastasis. It was best to make one cut at 4.11 cm for
tumor size in response to overall survival, and one cut at 4.90 cm in response to lymph node metastasis
(Table 3). Visualization of the choices is shown in Fig. 2.

Table 3
Optimal number and locations of cutoff points of tumor size

cuts Overall survival Lymph node metastasis

AIC Locations, cm Hazards
ratios1

AIC Locations, cm Odds ratios1

1 135.32* 4.11 2.45 102.60* 4.90 2.94

2 135.61 4.07, 6.53 3.11, 1.28 103.06 2.00, 4.91 1.99, 3.84

3 136.22 2.80, 4.17,
6.44

1.81, 3.60, 1.35 103.98 2.23, 4.98, 5.37 1.36, 2.33, 4.89

1, In case of two and three cutoff points, the �rst hazards/odds ratio is the ratio of group two to one,
the second, group three to one, and the third, group four to one.

* The smallest AIC value shows the best choice of the number of cutoff points.

Independent risk factors for overall survival and lymph node
metastasis
We then ran a full-panel univariate analysis on all the available variables, including age (continuous), BMI
(continuous), comorbidities of heart disease and diabetes, FIGO stage (IA and IB as early vs. II and above
as late), histological grade, histological subtype, LVSI, margin involvement, peritoneum involvement, and
tumor markers of CA125 (35 U/ml as the threshold) and CEA (5 ng/ml) in response to both overall
survival and lymph node metastasis, together with myometrium invasion fraction and tumor size treated
as binomial variables with their respective cutoff choices above for each event. As shown in Table 4, the
signi�cant ones (p ≤ 0.05) were then tested with a multivariate analysis, which showed that the
independently signi�cant factors were FIGO stage (p = 0.05), histological subtype (type II vs. type I: p < 
0.01, mixed vs. type I: p < 0.01, others vs. type I: p = 0.34), and tumor size (p = 0.03) in response to overall
survival and FIGO stage (p < 0.01) and myometrium invasion (p < 0.01) in response to lymph node
metastasis. In other words, myometrium invasion was an independent risk factor for lymph node
metastasis and tumor size, overall survival.
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Table 4
Independent risk factors relative to overall survival and lymph nodal

metastasis

  Variable p value

Overall survival Tumor size (cutoff at 4.11 cm) 0.03

FIGO stage 0.05

Histological type

type I reference

type II < 0.01

mixed < 0.01

others 0.34

Lymph nodal metastasis Fraction of myometrium invasion depth

<0.41 reference

[0.41, 0.89] 0.02

>0.89 < 0.01

FIGO stage < 0.01

Comparison of predictivity with traditional cutoff values
We then analyzed how the cut points identi�ed in this study compared to the tradition ones, 0.5 for
myometrium invasion fraction and 2 cm for tumor size. Since myometrium invasion was an independent
risk factor for lymph metastasis, but not for overall survival, we only compared the cut points of this
variable in relation to lymph node metastasis. Similarly, comparison was performed for tumor size in
relation to overall survival.

We performed test statistics to compare which choice of cut points, 0.5 vs. 0.41 and 0.89, had better
predictive power for lymph node metastasis in the setting of multivariate analysis with myometrium
invasion fraction and FIGO stage included. We compared AUC, sensitivity, speci�city and their sum, and
accuracy based on the Youden criterion with 5-fold validation. As shown in Table 5, when the cutoff was
made at 0.41 and 0.89, all the above values were better than those when the cutoff was made at 0.5.
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Table 5
Performance of myometrium invasion depth in prediction of lymph node metastasis1

Choice of cutoffs AUC2 sensitivity speci�city sensitivity + speci�city accuracy

At 0.5 0.8771 0.6836 0.8105 1.4941 0.8005

At 0.41 and 0.89 0.9198 0.8068 0.8249 1.6318 0.8288

1, FIGO stage was also included as the confounding factor.

2, AUC, area under curve.

Comparison between 2 cm and 4.11 cm for tumor size was based on the c-index, which gave an index to
show the predictive power of the tested variables. The test was also carried out with a multivariate setting
in that both FIGO stage and histological type were included as covariates and was validated with �ve-fold
analysis. The c-index for 4.11 cm as the cut point was 0.663, which was better than that of 2 cm, 0.623.

Discussion
Various biomarkers have been studied intensively for their potential to help with diagnosing and
monitoring progression of diseases, assessing patients’ prognosis and developing new drugs. In clinical
practices, it has been widely applied to classify the biomarker implicated in a disease into two or more
groups and the classi�cation may serve as a clinical guideline to help make treatment decisions. For
example, CA125 is an important biomarker in ovarian cancer with the cut point at 35 U/ml to monitor
patients’ response to chemotherapy agents as well as for early detection of disease relapse.[12] In
endometrial cancer, whether the depth of myometrial invasion exceeds 50% has been established as one
of the criteria to differentiate between stage IA and IB tumors.[5]

As classi�cation of biomarkers becomes more and more useful, it has also become increasingly
important to employ proper methods for strati�cation. Although multiple statistical methods are already
available, many biomedical studies have not been able to bene�t from them. One probable reason is the
di�culty to directly apply statistical algorithms on biological data. This study, therefore, may be deemed
as an illustration on how to use proper statistical methods to �nd optimal cut points while at the same
time, we also provided a ready-to-use package (supplementary �les) for biomedical researchers to use for
their own data.

In this study, we analyzed two clinical factors that have both been implicated in risk assessment of
endometrial cancer, depth of myometrial invasion and tumor size. Previous studies have found that when
the depth of myometrial invasion is less than 50% and the diameter of the tumor is smaller than 2 cm, the
patient is at a low risk for lymph nodal involvement.[7, 8, 13, 14] However, to our knowledge, few started
with identifying the best split(s), and most only compared the results of several tentative groupings. This
study differed from the previous ones in that it was aimed to �nd the optimal cut points �rst. Our results
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echoed the role of myometrial invasion in predicting nodal status; however, tumor size was found not to
be an independent risk factor of nodal involvement, yet it was one for overall survival.

The search for optimal cut points in this study was �rst based on the AIC value in that statistically the
smallest AIC gave the best number of cut points. Based on this criterion, we found that the best choice for
myometrial invasion was to group it into three risk levels with two cut points at 0.41 and 0.89 in response
to lymph nodal involvement. As a matter of fact, 0.41 is quite close to the conventional threshold of 0.5,
and in this study, the patients in the group of 0.41–0.89 indeed had a signi�cantly higher risk for lymph
node metastasis compared to those with less than 0.41 depth (OR = 2.68). However, our result showed
that those with even deeper invasion (> 0.89) had a much higher risk (OR = 18.37). Comparison between
stratifying patients with 0.5 only and with 0.41 and 0.89 also showed that the latter had better
predictivity. Therefore, we propose that a nearly complete in�ltration into myometrium be also included in
assessing patients by gynecologists.

This study negated the role of tumor size in predicting nodal status. In fact, there has been some
evidence to this end as it has already been suggested before that grade 1 tumors with less than 50%
myometrial invasion are at low risk for lymph node metastasis regardless of tumor size.[8] Nevertheless,
tumor size was found in this study to be an independent risk factor for overall survival together with FIGO
stage and histological subtype. The optimal threshold in this case is around 4 cm, and we also showed
that it had better prediction for survival than 2 cm.

On a side note, when applying this method in clinical studies, one may need to balance between the AIC
criterion and clinical concerns; if the smallest AIC happens to correspond to a large number of cut points,
it may complicate clinical practices, and this is why only 1 to 3 cut points were considered in this study.
Therefore, when the smallest AIC value happens to correspond to a large number, one may take the liberty
to choose the next best AIC, which may be more practical.

This study also has limitations. The study was a retrospective one and all limitations inherent in the
retrospective design could not be avoided in this study. Another limitation is that the study comprised a
limited number of patients from one single institution. Due to these limitations, the conclusion here
cannot be readily generalized. Future studies will aim at obtaining a larger sample size from multiple
institutions, and possibly prospective studies.

Conclusions
We recommend that one start with a statistically sound algorithm to stratify patients into risk groups
based on biomarker values, and that both clinical considerations and statistical criteria be taken into
consideration for choice of optimal cut points. In the case of endometrial cancer, on top of the
conventional criterion of 50% myometrial invasion, a nearly complete invasion should also be included in
risk evaluation since the patients may have a much higher risk for lymph nodal metastasis. Tumor size is
not an independently signi�cant factor of nodal involvement, but is one for overall survival where the best
cut point is approximately 4 cm.
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List Of Abbreviations
AIC, Akaike information criterion

AUC, area under curve

C-index, concordance statistics

cm, centimeter

FIGO, International Federation of Gynecology and Obstetrics

KSVGH, Kaohsiung Veterans’ General Hospital
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Figure 1

Patients’ risk of lymph nodal involvement with proportions of myometrium invasion depth. The two red
dots on the curve show the best cut points (0.41 and 0.89) found in this study. The dotted lines de�ne the
95% con�dence interval.
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Figure 2

Smooth HR plot of tumor size in response to overall survival. The red dot on the curve shows the best cut
point (4.11cm). The dotted lines de�ne the 95% con�dence interval.
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