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Summary

Nomograms are commonly used tools to estimate prognosis in oncology and medicine. With the
ability to generate an individual numerical probability of a clinical event by integrating diverse
prognostic and determinant variables, nomograms fulfill our desire for biologically and clinically
integrated models and our drive towards personalized medicine. Rapid computation through user
friendly digital interfaces, together with increased accuracy, and more easily understood prognoses
compared to conventional staging, allow for seamless incorporation of nomogram derived
prognosis to aid in clinical decision making. This has lead to the ubiquitous appearance of
nomograms on the internet and in medical journals, and increasing nomogram use by patients and
physicians alike. However, the statistical foundations of nomogram construction, their precise
interpretation, and evidence supporting their use is commonly misunderstood, leading to an under
appreciation of the inherent uncertainties regarding nomogram use. We provide a systematic,
practical approach to evaluating and comprehending nomogram derived prognoses, with particular
emphasis on clarifying common misconceptions and highlighting limitations.
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Introduction

Disease prognostication is an integral component of oncology and medicine. With the
promise of an estimated numerical prognosis for every patient, nomograms have been
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proposed as a means to improve disease prognostication. Despite their meteoric rise in
development and use,(1) their method of construction, interpretation, and impact on patients
remains incompletely understood by the medical community. Herein we evaluate
nomograms by considering the rationale for their use, clarify critical components of their
construction, interpretation, and application, and highlight common misconceptions.

What is a nomogram?

Nomograms are a pictorial representation of a complex mathematical formula.(1) Medical
nomograms use biologic and clinical variables, such as tumor grade and patient age, to
graphically depict a statistical prognostic model that generates a probability of a clinical
event, such as cancer recurrence or death, for a given individual. There are 2 primary ways
nomograms are used. One is pictorially where each variable is listed separately, with a
corresponding number of points assigned to a given magnitude of the variable. Then, the
cumulative point score for all the variables is matched to a scale of outcome (Figure 1A).
Alternatively, the formula is contained in a computer or smart phone based calculator, where
specific variables are entered and the likelihood of an event is computed

Rationale for use

The gold standard for prognostication in oncology remains the TNM (Tumor-Node-
Metastasis) staging system. Initially proposed in 1953 by the French surgeon Pierre Denoix
as a common language for solid tumor prognosis,(2) it is rooted in the Halstedian principle
of temporal determinism that solid tumors spread sequentially from the primary site to
lymphatics, then to distant organs, categorizing patients by anatomic spread of disease and
survival. However, the TNM system has several drawbacks. First, it is constrained by
requiring a correlation between anatomic disease progression and upward stage progression.
Hence, patients with equivalent anatomic spread yet variable outcomes (recurrence or
survival) are forced into the same stage, introducing heterogeneity. Second, TNM staging is
unable to incorporate tumor, nodes, or metastases as continuous variables. This creates a
system with a finite number of stages, complicating the determination of an individual
patient's prognosis. Third, the TNM system links prognosis to descriptive, not determinant,
variables — it purely states that if you are anatomically further along in the course of your
disease, your prognosis will be worse, without incorporating other variables that govern
prognosis, such as genetic differences, tumor mitotic rate, or histology.

Given the limitations of TNM staging, nomograms have emerged as a simpler, more
sophisticated tool with numerous advantages. One of the primary advantages is their ability
to estimate individualized risk based on patient and disease characteristics. Proponents cite
that nomograms can also incorporate continuous variables and relevant determinants of
disease into prognosis,(3-6) are user-friendly, and superior to clinician judgment in
estimating disease course.(7-9) In oncology, nomograms have potential to impact all aspects
of cancer care. Preoperative nomograms estimating the risk of positive surgical margins,(10)
and lymph node metastases(11-13) may assist clinicians in identifying patients who may
derive greater benefit from more extensive surgery. Postoperative nomograms estimating
recurrence,(14-16) cancer specific survival,(17-19) overall survival,(20-22) benefit of
adjuvant therapies,(23-25) and the impact of treatment on quality of life,(26, 27) may assist
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patients and physicians alike in all aspects of decision making. Although nomograms
represent a major advance in the development of prognostication tools, their proper clinical
application requires a thorough understanding of the nomogram specific question, study
population, method of construction, and outcome, to clearly assess its applicability to a
particular patient's clinical scenario. Additionally, the ability to interpret nomogram
performance and assess specific limitations is essential to appropriately counsel patients on
the meaning, accuracy, and assumptions embedded in nomogram risk estimations.

Nomogram Construction

The question, the study population, and the outcome

The most important step in construction is to identify a “good question” (Table 1).
Nomograms are best derived to answer a focused, clinically relevant question that requires a
mathematical model to answer. Not all clinical questions require a nomogram — for instance,
given the lack of benefit demonstrated with routine nasogastric (NG) tube
decompression(28) and their decreasing routine use in clinical practice, a nomogram to
estimate NG tube insertion distance may have minimal utility.(29) Next, the patient cohort
that will be used to derive the nomogram is selected. It should be representative of the
general population with the disease, and its definition transparent so readers may evaluate its
applicability to their patients. Single institution cohorts may have more complete datasets,
yet may be biased by institutional practice patterns, which can be overcome by using multi-
institutional or national databases. Next, choose the outcome defining the question -
typically various types of recurrence (local, distant, or both) or survival. Attention should be
paid to disease specific survival (DSS) that reflects the natural history of a patient's disease
versus overall survival (OS), which reflects the cumulative effect of competing diseases and
age on a patient's survival. The primary outcome should have a clear, well-accepted
definition, and be easily and reproducibly measured.

Method of construction

The next step involves selecting variables (covariates) that may determine the outcome
based on a priori clinical hypotheses. This approach avoids excluding covariates based on
incomplete data and selection purely based on statistical significance. Covariates may be
tumor specific, such as tumor size, depth of penetration, and lymphovascular invasion, as
well as patient specific, such as age and sex. Treatment per se should be avoided as a
covariate unless there are validated data from a randomized clinical trial.

Following variable selection, one must choose a statistical model. The most common model
for fitting Kaplan Meier survival curves is the Cox proportional hazards model. The Cox
model generates a hazard function h(t) (failure rate at time t for patients surviving to time t)
as a function of the covariates. It estimates the number of new events in unit time among the
population at risk, in contrast to a logistic regression model that evaluates the proportion of
new events per unit time in the entire population. A logistic regression can be used when a
single time point (such as five-year survival) is of interest and all the patients who are alive
have follow-up beyond that time point. After a statistical model is selected, multivariate
analyses are performed to determine the association between the covariates and the outcome,
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adjusting for all the other variables in the model. Covariate inclusion in a multivariate
analysis should follow Harrell's guideline (the number of events should exceed the number
of covariates by at least 10 fold).(30) Inclusion of more covariates does not necessarily lead
to higher accuracy, but rather to overfitting and should be avoided. The model is then
derived using the formula:

Probability of event at time t=Sy(t)SP(Fx1+Aze.)

where  are the regression coefficients and x are the observed values of the covariates. Sp(t)
is called the baseline survival function and is also estimated from the data. Regression
coefficients are used to construct the variable axes in the nomogram and Sy is used in the
translation from total points to predicted probability (Figure 1).(31)

Nomogram Performance

Validation

Validation is the process of testing the model on different populations to obtain unbiased
estimates of model performance and judging its applicability to these populations. External
validation, preferably in multiple, disparate datasets, is the gold standard and should be
obtained whenever possible. Unfortunately, most nomograms (including those at our own
institution, Table 2) commonly report results with only internal validation. Cross-validation
and bootstrapping are examples of internal validation whereby the model is iteratively
applied to randomly selected sample sets of the original cohort. These methods prevent data
over interpretation but do not remove all the bias due to possible overfitting inherent to
variable and threshold selection, or assess accuracy in different patient populations.

It is expected that the performance of a nomogram on the validation set will be slightly
worse than on the original data set. If substantially worse, validation on a population more
similar to the derivation cohort, identifying sources of overfitting by decreasing the number
of variables, and avoiding thresholds are possible courses of action. A substantially
degraded nomogram performance in external data does not necessarily render the nomogram
invalid. If performance metrics are still in the clinically acceptable range it would be
appropriate to recommend the nomogram for routine use. What constitutes acceptable
depends on clinicians and patients weighing the performance of competing prediction tools
available for a particular disease, with the performance (discrimination, calibration, and
clinical utility) of the nomogram in question. However, all nomograms prior to clinical
application should be validated in a cohort with similar characteristics as the cohort to which
the nomogram will be applied. Knowledge of the discrimination and calibration of the
nomogram in this patient cohort will then allow clinicians and patients to comprehensively
assess how reliably and accurately the nomogram performs. This point notwithstanding, any
major difference in performance is an opportunity to improve the model by scrutinizing the
model selection process and the differences between the development and validation data
sets.
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Discrimination

Calibration

Discrimination is the ability to distinguish between patients who experience an event from
those who do not. Measured by the concordance index (CI), it is the area under the curve
(AUC) of a receiver operating curve (ROC) that plots sensitivity against 1-specificity of the
nomogram. Hence the Cl or AUC (often used interchangeably) is measured on a scale of 0.5
(no better than chance) to 1 (perfect discrimination). If the Cl of a nomogram is 0.65, it can
discern a patient with an event from a patient without an event 65% of the time. Consider a
50-year old male with a 10 cm gastric GIST with 10 mitoses/50 high power fields (HPF).
This patient's nomogram calculated 2-year risk of recurrence (AUC of 0.78) is 70% (Figure
1A; nomogram calculations are as follows: size = 10 cm, which corresponds to 54 points;
mitotic index = 10/50 HPF, which corresponds to 81 points; site = stomach, which
corresponds to 0 points; this equals 135 total points, corresponding to 2-year recurrence free
survival (RFS) of 30% (recurrence of 70%), and 5-year RFS of 10% (recurrence of 90%)).
(14) Hence at 2 years, the patient has a 70% risk of recurrence, calculated by a nomogram
that can identify a recurrence 78% of the time. It is instructive to point out that the AUC
does not estimate the accuracy of the prediction — it does not mean “70% recurrence rate
with 78% accuracy”. In fact, note how for a given nomogram in a given patient population,
the AUC remains constant irrespective of nomogram estimations for individual patients.
Note that when the nomogram is applied to a different cohort, the AUC may differ.

Calibration estimates how close the nomogram estimated risk is to the observed risk,
depicted by a calibration plot (Figure 2). Note it is the calibration and not discrimination that
indicates how close the nomogram prediction is to the actual risk — i.e., calibration indicates
how accurate it is to tell a patient that the 2-year risk of recurrence is 70%. There are several
important features of a calibration plot. First, calibration varies with nomogram calculated
probabilities. For instance, the GIST nomogram is more accurate at predicting a recurrence
of 20% than 80% (Figure 1B; note how at a recurrence of 20%, the blue circle overlaps the
red dotted line indicating near perfect calibration however at a recurrence of 80%, the blue
circle and red dotted line do not overlap).(14) Second, prediction probabilities are
characterized by confidence intervals, adding an additional degree of uncertainty to a
nomogram estimation. Lastly, calibration, like discrimination, depends on the patient cohort
to which the nomogram is applied. It is not an intrinsic property of a nomogram, but rather
an evaluation of how it performs in a particular cohort.

Clinical Utility

The last component of evaluating nomogram performance is clinical utility, assessing if
nomogram assisted decisions improve patient outcomes. The definitive answer to whether
nomogram assisted decisions improve patient outcomes lies in prospective evaluation —
randomizing patients to nomogram or non-nomogram based decisions and comparing
outcomes. However prospective validation of every nomogram prior to use is tedious and
largely impractical. Other tools exist to evaluate the effects of prediction models on clinical
decisions. Vickers and Elkin have introduced decision analysis curves that estimate clinical
utility of prediction models based on the threshold probability (probability that triggers a
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medical intervention by a physician or patient, equating to the probability at which the harm
of a false-positive intervention exceeds the harm of a false-negative non-intervention).(32)
The threshold probability is used to derive the net benefit (defined as the fraction of true-
positives subtracted by the fraction of false-positives weighted by the relative harm of a
false-positive and false-negative result, Figure 2). Graphical analysis of the net benefit
against the threshold probability yields a decision analysis curve, which can then be used to
assess the net benefit of nomogram-assisted decisions at different threshold probabilities,
compared to the net benefit of decisions made with the assumption that either all or no
patient has the outcome of interest (Figure 2). For instance, if a physician's threshold
probability to dissect the seminal vesicle while performing a radical prostatectomy is either
< 5% or >50% risk of seminal vesicle invasion (SVI), nomogram assisted decisions at these
threshold probabilities are irrelevant as the net benefit is equal to assuming all or no patients
have SVI (Figure 2).

Nomogram Limitations

Nomograms assume data are static in time

Nomograms assume that outcomes remain constant over time. Consider the nomogram
estimating OS after complete resection of primary colon cancer, derived from a SEER
database cohort of nearly 129,000 surgical patients between 1994 and 2005.(6) The
nomogram is built on the assumption that all future disease outcomes will be identical to
those between 1994 and 2005. However, the overall mortality rate for colon cancer patients
in SEER has been steadily falling at a rate of 2.9%/year.(33) Consequently, a nomogram can
become less accurate with time for a variety of reasons, such as improvements in therapy,
earlier detection, and changes in natural history. Another limitation is that despite a
purported advantage being the ability to provide a real time prognosis, most nomograms
cannot fulfill this expectation, as they do not incorporate conditional survival. For example,
for a 60-year male with a preoperative serum CEA of 10, T2 colon adenocarcinoma, and
10/50 positive lymph nodes who will undergo adjuvant chemotherapy, 5-year recurrence
after resection is estimated at 9%.(15) However, if the CEA level rises from 10 to 60 after a
1-year disease free interval, the nomogram is unable to generate an updated risk of
recurrence. Hence, nomograms provide prognosis at diagnosis not at evaluation, limiting
their utility. It is possible to generate nomograms that will work after diagnoses but this will
be a different nomogram, not a modification of the original one.

Nomogram performance lacks accepted standards of reporting and can be highly variable

Although both discrimination and calibration are equally essential components in assessing
nomogram performance, only discrimination is commonly reported in abstracts and
calibration is not, as this requires a graphical representation of the data. Calibration plots
may be altogether omitted, or often are incompletely displayed without confidence intervals,
rendering it impossible to assess nomogram accuracy at different estimated probabilities.
Nomogram performance can also be mediocre. In an analysis of 19 nomograms in 8 reports
in The Lancet Oncology and The Journal of Clinical Oncology in 2012-2013, the median
AUC was 0.74. Although this is typically better discrimination than staging, one can argue
that this is closer to chance (AUC 0.5) than to certainty (AUC 1). Only 12 of 28 (43%) of
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our institutional nomograms available on the internet for patient use have an AUC greater
than 0.75 (Table 2).

Nomograms can also be highly dependent on the methods of covariate measurement.
Stephan and colleagues found significant variability in 3 nomograms estimating the risk of
prostate cancer based on prostate-specific antigen (PSA) measurements using 5 different
commercial PSA assays.(34) As another example, determination of grade(35) and histologic
subtype(36) for sarcomas can demonstrate significant variability based on the expertise of
the pathologist. Note that more covariates do not imply greater accuracy. It merely
introduces a potential range of errors into a nomogram, stemming from variability in
covariate measurement to effects on primary outcome and other covariates, increasing
nomogram inaccuracy.

Discrimination can also vary if applied to different cohorts, despite excellent discrimination
in the derivation cohort. For instance, the Memorial Sloan Kettering nomogram estimating
non-sentinel lymph node (SLN) positivity based on SLN characteristics reported an AUC of
0.77.(37) The same nomogram applied to different cohorts yielded AUCs ranging from 0.58
to 0.82, demonstrating that in some cohorts the nomogram was almost equivalent to chance.
(38) The true measure of applicability for a given patient is successful nomogram validation
in a cohort with similar characteristics, demographics, and disease outcomes. Discrimination
also varies with length of follow-up and degree of censoring. If nomogram A and nomogram
B have AUCs of 0.66 and 0.76 respectively, it does not follow that nomogram B is superior
to nomogram A. Heavily censored data will overestimate nomogram AUC using the most
commonly used methods of AUC estimation® whereas longer follow-up with capture of
more events will tend to decrease the AUC. There are methods that avoid this but are not in
common use.(39) Therefore, although the AUC of nomogram B exceeds that of nomogram
A, this may just reflect features of the data from which they were derived.

The effects of nomogram-assisted decisions on patient satisfaction and outcomes are

unclear

While discrimination and calibration are equally important in nomogram evaluation,
conveying these concepts to a patient is challenging. Consider how to explain a 2-year
recurrence rate of 25% estimated using a nomogram with an AUC of 0.78. “At 2 years, you
have a 25% recurrence rate, using a tool that can tell recurrence versus no recurrence 78% of
time. Should we also convey accuracy - the observed probability and confidence intervals at
a prediction probability of 25%? How about what a confidence interval is? Will this be
confused with a concordance index? Although nomogram usage has been exponentially
increasing, there are limited data on patient comprehension, satisfaction, or quality of life
with nomogram assisted medical decisions. Furthermore, despite the widespread clinical use
of nomograms, they are rarely evaluated prospectively to identify whether their use actually
improves patient outcomes over other clinical decision making tools. Ross and colleagues
retrospectively evaluated the performance of nomograms compared to clinician
management. Based on a Medline search yielding 22 studies comparing nomogram use to
physician management and 2 experiments where clinical vignettes were shown to physicians
followed by comparison of nomogram and clinician estimations, nomograms were found to
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be superior to clinician judgment.(7) However, only 13/22 (59%) studies in their search
actually demonstrated that nomograms were superior to clinician judgment. The conclusion
that nomograms performed better than clinicians was also purely based on AUC, which does
not equate to improved clinical utility. Other authors have drawn similar conclusions based
solely on nomogram AUC and not clinical utility.(8)

Good performance does not imply good clinical utility

In a multi-institutional prospective study of 2,130 patients, Nam and colleagues studied 2
nomograms that estimate the risk of prostate cancer and need for biopsy based on abnormal
PSA and/or digital rectal examination.(40) Both nomograms had comparable discrimination
(0.72, and 0.67) and calibration. However, the investigators discovered that under a
threshold probability of 30%, using either nomogram did not yield a net benefit compared to
the scenario where all patients were biopsied. In fact, one of the nomograms demonstrated a
decreased net benefit compared to biopsy of all patients, suggesting that nomogram use may
in fact be harmful. Hence, nomograms can lack clinical utility despite having good
performance, and assessing whether a nomogram improves patient and physician
satisfaction, quality of life, and oncologic outcomes is often ignored. It also follows that if
the AUC of nomogram A is greater than the AUC of nomogram B, it does not mean
nomogram A is more clinically useful.

Patient selection for therapy should ideally be based on clinical trials not nomograms

One argument for using nomograms is risk stratification to determine the need for additional
therapy. We would argue that if the decision to administer therapy is founded in a clinical
trial, then patient selection should follow the inclusion and exclusion criteria of the trial.
Following results of the ACOSOG Z11 trial that demonstrated no benefit to completion
axillary lymphadenectomy in patients with limited SLN metastatic breast cancer,(41)
clinical decisions at our institution have been guided by these results rather than the
Memorial nomogram assessing non-SLN positivity.1” Although nomograms are being used
to define eligibility for clinical trials,(42) treatment decisions in these scenarios should be
guided by both nomogram determined entry criteria and subsequent therapy associated
benefit, and not merely nomogram estimated risk.

What effect does a high probability of recurrence/death have on a patient?

A poor nomogram estimated probability can be a source of significant distress to patients
and families, which can be compounded by confusion surrounding nomogram interpretation.
Public availability of nomograms make these scenarios increasingly likely (Table 2). The
downstream consequences of these effects on patients' subjective impressions of their
illness, their relationship with physicians, families, and the desire for more testing are
difficult to determine, yet likely significant and remain currently unknown.

Conclusion

Nomograms are an important component of modern medical decision making. A carefully
constructed nomogram designed to answer a focused question, when appropriately
interpreted and applied, can be very valuable to clinicians and patients. However, they must
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undergo rigorous scrutiny and their performance and limitations need to be appreciated prior
to using them in clinical decision making. Only in this way may nomograms enable better
prognostication for patients.

Methods

Search strategy and selection criteria

We undertook a computerized literature search in PubMed from Jan 1, 1994, to Dec 31,
2013, of papers published in English with the following search terms used alone or in

LI INT] LI T LI INT]

combination: “nomogram”, “medical nomogram”, “cancer staging”, “nomogram

construction”, “nomogram interpretation”, “understanding nomograms”, “nomogram

limitations™, “patient understanding of nomograms”, “nomograms and clinicians”,
“homogram prospective trial”, and “decision analysis curve”. Due to limited citation space,
publications were selected for citation if they highlighted the rationale for nomogram
development, or illustrated components of nomogram construction, interpretation,
limitations, or misconceptions as it pertained to understanding cancer nomograms.
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Figure 1. Using and interpreting a nomogram
A. A nomogram example — estimating recurrence-free survival (RFS) in resected primary

gastrointestinal stromal tumor (GIST).

Nomogram-predicted RFS (%)

Draw an upward vertical line to the “Points” bar to calculate points. Based on the sum, draw
a downward vertical line from the “Total Points” line to calculate RFS.(14)

B. Calibration curves of a nomogram estimating RFS in resected primary GIST.

Red line: nomogram RFS = observed RFS. Blue line - actual calibration. Circles - median. X
- mean. 95% confidence intervals are depicted for each point along the calibration curve.(14)
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Figure 2. Assessing clinical utility using a decision analysis curve
Decision analysis curve of a nomogram predicting seminal vesicle invasion (SVI) in prostate

cancer. At a threshold probability of < 5%, > 50%, the nomogram is irrelevant.(32)
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Table 1
Nomogram Checklist

Construction

1 Is the question answered by the nomogram?
2 Is the derivation cohort representative of the general patient population?
3 Are all the relevant covariates included?
4 Is the appropriate statistical test chosen to construct it?
Performance
1 Is the nomogram internally and externally validated?
2 How often can the nomogram discriminate patients with events (AUC or CI)?
3 How accurate are the nomogram estimations and what are the confidence intervals at the patient's prediction probability (calibration
plot)?
Application
1 Has outcome changed since the nomogram was created?
2 Is the nomogram being used at initial diagnosis?
3 Is there variability in covariate measurement?
4 Have nomogram based decisions been prospectively shown to positively or negatively impact clinical decisions? Are there decision
analysis curves that you can use to assess clinical utility?
5 Is the question for a particular patient better answered by a clinical trial?
6 Can the nomogram estimate be clearly communicated to a patient and assist in an informed decision?
7 Does the nomogram outperform clinical judgment?

AUC - area under the curve, Cl — concordance index.
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Table 2

Discrimination and validation of Memorial Sloan Kettering nomograms available on the

internet
Cancer Primary Endpoint Journal, Year of Publication Validation | Auc
Bladder®? RFS after cystectomy JCO 2006 Internal 0.75
Breast3” Additional nodal metastases with + SLN Ann Surg Onc 2003 Internal 0.76
Breast4* SLN positivity JCO 2007 Internal 0.75
Breast4® LRFS following DCIS excision JCO 2010 Internal 0.70
Many*6 Drug related toxicity in Phase | trials JCO 2014 External 0.60
Colon'3 RFS after resection JCO 2008 Internal 0.77
Colon® OS after resection JCO 2011 Internal 0.68
Endometrium4? OS after primary therapy Gynecol Oncol 2010 Internal 0.75
Stomach?8 DSS after resection JCO 2003 Internal 0.80
GISTH RFS after resection Lancet Oncol 2009 External 0.78
Melanoma® SLN positivity Ann Surg Onc 2005 External 0.69
Ovary*8 DSS after surgery Gynecol Oncol 2012 Internal 0.71
Prostate®® RFS after brachytherapy Urology 2001 External 0.61- 0.64%
Prostate®® OS with metastatic disease JCO 2002 External 0.71
Prostate®! Probability of indolent cancer J Urol 2003 Internal 0.69-0.74
Prostate5? Lymph node negativity after prostatectomy | J Urol 2003 Internal 0.76
ProstateS3 Seminal vesicle invasion J Urol 2003 Internal 0.88
Prostate® Presence, side of extracapsular extension J Urol 2004 Internal 0.80
Prostate®5: 56 RFS after prostatectomy JCO 2005, J Natl Cancer Inst 2006 External 0.86,0.76
Prostate®’ PFS after salvage radiation JCO 2007 Internal 0.69
Prostate®® DSS after prostatectomy JCO 2009 External 0.82*
Renal cell® RFS after surgery J Urol 2001 Internal 0.74
Sarcoma®? DSS after surgery for liposarcoma Ann Surg 2006 Internal 0.82
Sarcoma®! DSS after surgery for synovial sarcoma Clin Can Res 2008 Internal 0.77
Sarcoma®? LRFS after surgery for extremity sarcoma Ann Surg 2012 Internal 0.73
ThyroidS® Hypocalcemia after surgery Arch Otolaryngol Head Neck Surg. 2011 | Internal 0.74
Uterine sarcoma?® | OS after therapy Cancer 2012 Internal 0.65

*
in the derivation cohort.

+
in the validation cohort.

RFS - Recurrence-free survival; SLN — Sentinel lymph node; LRFS — Local recurrence-free survival
DCIS - Ductal Carcinoma In Situ
OS - Overall survival; DSS - Disease-specific survival; NR — not reported
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