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Caminante, son tus huellas,
el camino y nada mas.
Caminante, no hay camino,
se hace camino al andar.
Al andar se hace el camino,
y al volver la vista atrés.
se ve la senda que nunca
se ha de volver a pisar.
Caminante no hay camino
sino estelas en la mar.

(Antonio Machado — Excerpt from Proverbios y cantares XXIX in Campos de Castilla, 1912)
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Chapter 1

Epidemiology and treatment of early-stage breast cancer

Breast cancer is the third most frequently diagnosed type of cancer in the Netherlands
(1), and the most common type of cancer diagnosed in women (1). In 2015, a total of
14.449 women were diagnosed with invasive breast cancer in the Netherlands (1). Due
to advances in treatment and earlier detection of tumors, survival has improved over the
past decades (1). Overall five-year survival rates are about 90% and 10-year survival
is on average about 70% (1). Unfortunately, in the Netherlands on a yearly basis still
more than 3.000 women die due to breast cancer (1).

The primary treatment for breast cancer is radical excision of the tumor (via a mastec-
tomy or breast conserving surgery). Surgery is commonly supplemented with adjuvant
treatments, i.e., radiotherapy and systemic therapy (2). The focus of this thesis is on
the systemic therapy modalities for early-stage breast cancer, namely chemotherapy
alone or in combination with biological response modifiers (e.g., trastuzumab) and/or
endocrine therapy. These treatment modalities are intended to decrease the proba-
bility of the cancer recurring and consequently improving patients’ long-term survival
(3-5). However, they are also associated with side-effects that can significantly impact
patients’ quality of life (3,4,6,7).

Prediction tools and communication of risks

Adjuvant treatment modalities essentially target a risk and not demonstrable disease.
This means that a proportion of patients who undergo treatment do so unnecessarily
as they either had already been cured by the resection of the primary tumor or would
have developed a disease recurrence and/or distant metastases in spite of adjuvant
treatment. Notwithstanding the advancements in medical science, it is not (yet) pos-
sible to predict a priori whether an individual patient will be amongst the patients that
profit from adjuvant systemic therapy. Eligibility for systemic therapy is currently based
on consensus amongst medical experts about how much survival gain is minimally
needed for the benefits of treatment to outweigh the loss in quality of life due to its
side-effects. The uncertainty about whether or not treatment is necessary is one of the
factors that can make decision-making about adjuvant systemic therapy complex for
oncologists. Current (inter-) national clinical breast cancer treatment guidelines deem
3-5% absolute 10-year survival gain sufficient to discuss adjuvant systemic therapy
with patients (2,8,9). This means that minimally about one in every 20-30 patients
treated should benefit from the treatment. For some subgroups of patients, e.g., those
with Her2-positive disease, benefits smaller than 3% are also deemed acceptable in
clinical guidelines (2,8,9).

Clinical decision-making about adjuvant systemic therapy relies, among others, on

statistical evidence to assess the risk of disease recurrence and death. Many tools,
such as nomograms and prediction models, have been developed to primarily inform
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clinicians’ decision-making process. Such tools use clinical characteristics (e.g., tumor
size and the presence of nodal metastases) or biomolecular markers to estimate relapse
and/or mortality risk with/without the potential treatment benefit. Well-known prediction
tools are for example Adjuvant! (10), PREDICT (11), MammaPrint (12), and Oncotype Dx
(18). The use of Adjuvant! (2,8,9), and Oncotype Dx (8) to support decision-making is
endorsed by clinical guidelines. These tools seem to meet a need in clinical practice, as
the be it limited evidence available on the use of for example Adjuvant!, suggests that
it is commonly used by clinicians (14,15). However, evidence is lacking on clinicians’
reasons for using such tools and how and when they use them.

Although most prediction tools were primarily developed to aid clinicians’ decision-mak-
ing, they can be used during consultations with patients. A frequently uttered argument
against the use of prediction tools to inform patients about their prognosis is that people
generally struggle to understand probabilistic information. The literature underscores
this (16). It is feared that patients might not grasp the fact that the estimates provided by
prediction tools are just that — estimates. Patients might cling too much to the numbers
and not realize that it is not possible to predict the outcome a priori, and that there is
a margin around the survival estimates. Risk communication experts argue from an
ethical perspective that if oncologists communicate survival estimates from prediction
tools to patients, then they should also explicitly discuss the uncertainty associated
with these estimates (17). It is unclear whether or not oncologists explicitly discuss
these uncertainties during patient consultations. Also, it is unclear whether patients
are aware of the uncertainty associated with the survival estimates.

Decision-making about adjuvant systemic therapy

The expected survival gain due to treatment can be modest for patients with early-stage
breast cancer, especially those with stage | disease, and treatment is associated with
side-effects. Foregoing treatment is therefore, also a medically viable option. These
treatment decisions are preference-sensitive, there is usually no ‘right’ choice regarding
systemic therapy, and decision-making needs to be guided by patients’ values and
their informed preferences. Oncologists are tasked with helping their patients to form
a judgement on whether treatment is worthwhile or not. Firstly, oncologists must make
their patients aware that a treatment decision needs to be made and that patients’
input is essential. Secondly, to facilitate patient participation in the decision-making
process, oncologists need to inform them about all the relevant pros and cons of the
viable treatment options - including the option to forego treatment. It is crucial that
information provision is comprehensive and balanced. Finally, once patients are made
aware of the pros and cons of treatment, oncologists should ascertain how their patient
weighs the pros and cons. This discussion should be the basis for decision-making,
irrespective of who makes the final treatment decision.

15
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The steps described above are the cornerstones of shared decision making (SDM),
which is advocated as an ideal approach to clinical decision-making. Although, these
steps might seem straightforward and clinicians indicate they practice SDM, available
evidence suggests that the implementation of SDM in clinical practice is limited (18). For
example, Kunneman et al. (19) evaluated the implementation of the first step of SDM in
oncology consultations where preference-sensitive treatment decisions needed to be
made. In only 3 out of 100 consultations oncologists explicitly stated that a treatment
decision needed to be made (19). The focus of this thesis will be on the second step
of SDM. Thus, information provision and the potential barriers to balanced information
provision in the context of adjuvant systemic therapy for breast cancer.

Thorough and balanced information provision is crucial to help patients weigh the pros
and cons and develop informed treatment preferences. However, providing patients with
balanced and comprehensive information is difficult. Presenting all available information
is not always possible or desirable. Adjuvant systemic therapies for breast cancer, for
example, are associated with numerous potential side-effects. It is thus unfeasible,
ineffective and arguably unnecessary to discuss all these side-effects with patients.
Oncologists need to find a way to inform their patients without overwhelming them with
too much information, thus choices must be made with regards to which information is
provided and how it will be presented. Current clinical breast cancer guidelines do not
offer guidance on what information should minimally be discussed (2,8,9). Therefore,
oncologists must make a judgement call about what information is essential for patients
to know in order to decide about treatment. This lack of guidance on what minimally
needs to be communicated can cause unwanted variability in information provision
between (and also within) oncologists. Indeed, this has been shown in the literature
(20). Oncologists’ valuation of what information is relevant for patients to know in the
context of decision-making, need not match the patient’s needs and preferences (21).
For example, side-effects deemed irrelevant by oncologists, might be perceived as an
unacceptable burden on their quality of life by patients. In order to determine whether
it is relevant to communicate a specific side-effect, it is important to have some insight
into the patients’ personal situation and their preferences. The literature suggests that
clinicians rarely explore patients’ personal situation and the veracity of their assumptions
with regard to what is relevant for the patient to know (18,22).

Further, the use of tools such as Adjuvant!, can help oncologists and patients get a
better grasp on the magnitude of the potential treatment benefits. However, Adjuvant!
(like other tools) does not provide information about side-effects. Thus, the use of pre-
diction tools could shift the focus of the consultation towards the survival probabilities
to the detriment of information provision about side-effects. This imbalance in infor-
mation provision could prevent adequate valuation of the trade-off involved between
the benefits and harms of treatment. There currently is no evidence on whether and
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how the use of prediction tools influences information provision.

The choices oncologists make with regard to which information they convey or omit
and how they frame the information presented to patients, could (unconsciously) be
influenced by their preferences/beliefs about which treatment option is in their patients’
best interest. It is perhaps unrealistic to expect that clinicians are conscious of their
preferences and preconceptions and are able to put these aside during consulta-
tions, and provide patients with information not colored by their (clinical) experiences
and beliefs. Even if oncologists consciously tailor their information to steer patients
towards the treatment option they favor, they most likely act in what they believe is
in their patient’s best interest. Hence, is framing a cause for concern? Especially, in
clinical situations where there is no obvious best option from a medical perspective
(i.e., a preference-sensitive treatment decision), the choices clinicians make, can have
important unwanted consequences. From the oncologist’s selection and way of pre-
senting the information, patients might for example, get the impression that the option
their oncologist seems to favor is the best option, and might therefore feel compelled
to consent to a treatment plan that does not fit with their own goals and preferences.
Systematic evaluation is lacking of whether implicit value judgements are used in
information provision about adjuvant systemic therapy. There are indications from other
settings that such behaviors are used in clinical practice (23,24).

Aim of this thesis

Patient participation in the treatment decision-making process is widely advocated and
essential in the context of preference-sensitive treatment decisions. A key requirement
to achieve this goal is thorough and balanced information provision about the benefits
and harms of the viable treatment options. There are many factors that can negatively
influence information provision in clinical practice. Unfortunately, insights in information
provision during real-time patient consultations involving preference-sensitive decisions
is limited. The objective of the work presented in this thesis is to assess information
provision about adjuvant systemic therapy during consultations between early-stage
breast cancer patients and medical oncologists in general. In this era of personalized
medicine, prediction tools (e.g., Adjuvant!) are becoming an integral part of information
provision during patient consultations. However, evidence is lacking about a) how prev-
alent the use of such tools is during patient consultations, and b) whether and how the
use of such tools influences information provision. Therefore, this thesis in addition to
assessing the availability and the quality of prediction tools for the early-stage breast
cancer setting, also zooms in on the use of such tools during patient consultations and
their impact on the content of consultations.

Outline of this thesis

This thesis consists of three parts. In Part |, two studies are presented that investigate the
availability and accuracy of risk prediction models for decision-making about adjuvant
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systemic therapy for early-stage breast cancer. An essential prerequisite for the use
of such tools, is that their estimates have to be accurate. In Chapter 2 we provide a
systematic overview of published risk prediction models for adjuvant systemic therapy
selection in early-stage breast cancer. This review provides insight in the strengths
and weaknesses of the identified models. Most prediction tools were developed to
inform clinicians’ decisions, yet they are also used to inform patients. Therefore, in this
chapter we also assessed the required literacy level to comprehend the content of the
output provided by these tools. In Chapter 3 we assessed the prognostic accuracy of
Adjuvant! and PREDICT’s 10-year all-cause mortality estimates in breast cancer patients
aged <50 years at diagnosis. These are two well-known freely available prognostic
tools used in clinical practice. We now focus on young patients as previous validation
studies had too few young patients (e.g., (25)), and/or the follow-up time was too brief
(e.g., (26)) to draw conclusions about the accuracy of these tools in this younger patient
population. Available studies do suggest that Adjuvant! underestimates mortality in
young patients (e.g., (27)).

The second part consists of two studies in which we assessed oncologists’ attitudes
towards and self-reported use of tools to communicate the benefits of adjuvant systemic
therapy for early-stage breast cancer. In Chapter 4 we assess oncologist’s perception
of the minimal benefit that makes treatment worthwhile given the side-effects. Clinical
guidelines indicate that 3-5% is the minimum benefit that makes treatment worth
considering given its side-effects (2,8,9). We assessed whether oncologists’ minimally
required benefit to tip the scale in favor of treatment is in line with the guidelines.
These insights are relevant as oncologists’ preferences and beliefs can influence their
information provision and treatment recommendations. Further, little is known about
oncologists’ perceptions of and reasons for using prediction tools, and views on com-
municating the uncertainty associated with prognostic estimates from such tools.
Therefore, we investigated this in the study reported in Chapter 5.

The third part consists of three studies assessing information provision about the
benefits and harms of adjuvant systemic therapy for early-stage breast cancer during
real-time patient consultations. In Chapter 6 we assessed the frequency and the influ-
ence of the use of Adjuvant! on information provision about the benefits and harms
of adjuvant systemic therapy, and whether the use of this tool is associated with the
likelihood of reaching a decision during the consultation. In Chapter 7 we zoom in
on a controversial element of risk communication, namely the communication of the
uncertainty associated with the prognostic estimates provided by prediction tools. There
currently are no generally accepted guidelines on whether and how to communicate
uncertainty, and evidence on whether uncertainty is communicated in clinical practice
is also lacking. In the study reported in this chapter, we assessed whether and which
type of uncertainty was communicated during patient consultations in which Adjuvant!
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was used. We also assessed how patients perceived the uncertainty associated with
the prognostic estimates communicated during the consultation. Finally, in Chapter 8
we explored whether the presentation of information about adjuvant systemic therapy
during the consultation contained implicitly persuasive elements. Such behaviors could
inadvertently steer patients facing preference-sensitive decisions towards a particular
choice that might not be in line with the patients’ values and goals.
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Chapter 2

Abstract

Background

It is a challenge for oncologists to distinguish breast cancer patients who can forego
adjuvant systemic treatment without negatively affecting survival from those who
cannot. Risk prediction models (RPM) have been developed for this purpose. Oncolo-
gists seem to have embraced RPM (particularly Adjuvant!) in clinical practice, and often
use them to communicate prognosis to patients. We performed a systematic review
of published RPM, and provide an overview of the prognosticators incorporated and
reported clinical validity. Subsequently, we selected the RPM that are currently used
in the clinic for a more in-depth assessment of clinical validity. Finally, we assessed
lay comprehensibility of the reports generated by RPM.

Methods

PUBMED, EMBASE and Web of Science were searched. Two reviewers independently
selected relevant papers and extracted data. Agreement on paper selection and data
extraction was achieved in consensus meetings.

Results

We identified RPM based on: clinical prognosticators (N=6) and bio-molecular features
(N=14). Generally predictions from RPM appear to be accurate, except for patients <50
years or =75 years at diagnosis, and Asian populations. RPM reports contain much
medical jargon or technical details, which are seldom explained in lay terms.

Conclusions

The accuracy of RPM’s prognostic estimates is suboptimal in some patient subgroups.
This urgently needs to be addressed. In their current format RPM reports are not condu-
cive to patient comprehension. Communicating survival probabilities using RPM might
seem straightforward, but it is fraught with difficulties. If not done properly, it can back-
fire and confuse patients. Evidence to guide best communication practice is needed.

26



Assessing and communicating breast cancer prognosis

Introduction

Breast cancer is a heterogeneous disease with great diversity in morphology and
clinical behavior (1). A major challenge for oncologists is determining which patients
might benefit from adjuvant systemic therapy. Prognosis estimates, the basis for
selecting patients who might benefit from systemic therapy, are usually based on
traditional clinicopathological factors, such as nodal status and hormone receptor
status. Increased awareness, screening, and improvements in breast cancer diagnosis
have led to early detection of smaller tumors without lymph node involvement. Using
the traditional clinical prognosticators, one would assume that these tumors have a low
recurrence risk, and more patients might be spared systemic therapy without adversely
affecting survival. Yet, small tumors have also been shown to have metastatic potential,
and the lack of sufficiently discriminating predictors has led to the broadening of the
indication for systemic therapy (1-4). Nowadays, virtually all breast cancer patients
meet eligibility criteria for adjuvant systemic therapy (5, 6). It has been argued that up
to 60% of these patients, treated according to current guidelines, only experience loss
of quality of life due to toxicity with little or no survival benefit (5).

In light of patients’ loss of quality of life and financial costs to society, reducing over-
treatment is an important goal to patients, oncologists, and policy-makers alike. As a
result, many risk prediction models (RPM) have been developed to help oncologists
select patients who might derive benefit from systemic therapy. RPM are primarily
designed to provide oncologists with standardized, reproducible, and evidence-based
tools to aid clinical decision-making. The earliest models were solely based on (a
subset of) the traditional clinicopathological factors, e.g. Nottingham Prognostic Index
(NPI) (7) and Adjuvant! (8). In the last decade RPM based on genetic profiles or other
bio-molecular features were introduced, such as Oncotype Dx (9) and MammaPrint
(10). RPM generally provide pretreatment prognostic information to quantify the benefit
that patients can obtain from various available adjuvant systemic therapies and/or
classify patients according to their risk of death and/or cancer recurrence. RPM can
be valuable and reliable aids in decision-making for oncologists, but they face two
major challenges. First, RPM differ in what information they use to predict prognosis
and adjuvant treatment benefit. Therefore the choice of RPM can affect the probabil-
ities given for an individual patient. Second, communicating probabilities from these
models to patients is difficult.

Small surveys in the US (11) and UK (12) found that the majority of oncologists (>95%)
used Adjuvant!. Two thirds frequently discuss the RPM estimates with patients (12).
Studies have reported that less than half of breast cancer patients provided with prog-
nostic estimates from Adjuvant! were able to accurately indicate their prognosis after
the consultation (13, 14).
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RPM often provide a report or a graphical representation of the probability estimates
that could facilitate the presentation of this type of information to patients. A small UK
survey found that 20% of oncologists frequently provide patients with a printout of
the Adjuvant! report (12). However, since the target audience of RPM are oncologists
rather than patients, it remains unknown to what extent patients understand the RPM
reports and whether they benefit from these graphical presentations.

The number of RPM has increased steadily. As we expect their use to become even
more common, insight into their clinical validity is becoming increasingly relevant. The
aim of this review is threefold. Firstly, we provide a systematic overview of all published
RPM that aim to aid adjuvant systemic therapy selection in early-stage breast cancer.
For the identified RPM we describe a) the prognosticators incorporated, b) reported
prognostic strengths and weaknesses, and c) presentation of the model estimates.
Secondly, for the RPM most frequently used in clinical practice we assessed a) the
characteristics of the validation populations, and b) reported accuracy of the prognostic
estimates. Thirdly, we discuss the content of the RPM reports, and assess the required
literacy level to comprehend them.
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Chapter 2

Methods

Aim 1: Systematic overview of RPM

Selection of published RPM and data extraction

Relevant papers in English were identified through searches in PUBMED, EMBASE
and Web of Science, up to July 2012. We wanted to include all papers describing the
development of RPM estimating breast cancer prognosis, aiming to aid the selection
of patients for adjuvant systemic therapy, irrespective of whether they were based on
clinical prognosticators or bio-molecular features. RPM were excluded if they a) were
specifically developed for the neo-adjuvant setting, and b) only aimed to determine a
single clinical or bio-molecular feature, such as tumor grade. Our search strategy con-
sisted of search terms for a) prognostic models (including names of known prognostic
models), b) breast cancer and c) adjuvant systemic therapy. Web appendix 1 contains
the terms used in each database. Two appraisers (E.G.E. and A.M.S.) independently
selected papers that met the inclusion criteria based on titles and abstracts. If there
was disagreement or doubt about eligibility, the paper was included in the selection for
which the full-text was independently reviewed by two appraisers (E.G.E. and M.M.G.)
and inclusion was determined by consensus. For included papers details on the a)
aim of the model, b) development process, c) characteristics of the development and
validation population(s) (if applicable), and d) reported clinical validity were retrieved.

Aim 2: Assessment of clinical validity of frequently used RPM

We define clinical validity as the accuracy of the RPM’s estimate of overall (OS) or
recurrence-free (RFS) survival compared to observed OS or RFS (15). When we refer
to validation studies, we mean studies in which clinical validity of a RPM was assessed
in a population other than the one it was developed in. Our focus is the accuracy of
the prognostic estimates and not the accuracy of the RPM predictions of treatment
response (if that was also an aim of the RPM).

Selection and data extraction from validation studies

We performed an extensive assessment of the RPM to which (international) clinical
guidelines refer as an indication of their actual use in clinical practice. Guidelines we
used were: ESMO (16); NCCN (17); NICE (18, 19); and St. Gallen (20); and the report
of the consensus meeting on the influence of molecular genotyping (21). We searched
PUBMED for all validation studies for the selected RPM: the NPI, Adjuvant!, MammaPrint
and Oncotype Dx and consulted the references of papers retrieved and previously
published reviews. Two appraisers (E.G.E. and M.M.G.) independently reviewed the
papers retrieved and extracted details on a) characteristics of the validation popula-
tion(s), including adjuvant treatment allocation and prevalence of recurrence, and b)
clinical validity in patient subgroups.
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Aim 3: Assessment of the RPM reports

Retrieval of RPM report

We sought to retrieve the report generated by each of the RPM identified by searching
the manufacturer’s website, Google or the link (if provided) to the model itself. If neces-
sary, we contacted the author of the paper. We extracted information on a) the type of
estimates reported, b) estimates of the uncertainty surrounding the survival estimates
and c) graphical presentation formats if applicable. Moreover, to ascertain the minimal
literacy level required to comprehend the RPM reports, two reviewers independently
classified the use of medical or other technical jargon in the report as low, moderate
or high. Disagreements in assessment of jargon use were resolved in consensus mee-
tings. Additionally, we calculated a score for six frequently used readability indicators
to provide an overall indication of the text difficulty with the Readability Test Tool (RDT)
(22) (see Web appendix 2 for an example of RDT’s output and the algorithms used).

31




Chapter 2

Results

Aim 1: Systematic overview of RPM

We identified 996 papers, which yielded 20 relevant RPM (Figure 1). Of the 26 devel-
opment papers initially selected we excluded six after reading the full-text because
the aim of the model described did not meet our inclusion criteria.

Six of the 20 RPM (7, 8, 23-26) are based solely on classical prognostic factors, while
the others (9, 10, 27-38) are genetic profiles or based on novel bio-molecular factors
(Table 1). Three (7, 8, 23) RPM based on clinicopathological features and all 14
bio-molecular signatures aim to predict relapse-free survival. Seven RPM (9, 26, 29, 30,
35, 37) are only intended for use in node-negative early stage breast cancer patients.
Oncotype Dx (9), Mammostrat (34) and Theros BCI (30) are only intended for use in
estrogen receptor (ER) positive patients. Of the RPM based on clinicopathological
features, only CancerMath (25) and PREDICT (24, 39) take HER2-status into account
when calculating prognosis estimates. All development studies identified reported that
overall the clinical validity of the RPM was good or excellent in their target population
(Table 1). Some studies did not report any limitations.

Aim 2: Assessment of clinical validity of frequently used RPM

The RPM currently most often used are: the NPI, Adjuvant!, MammaPrint and Oncotype
Dx. In total we retrieved 42 validation studies (Figure 1). Two of those were excluded
as they did not report a model validation. The studies retrieved reported on two types
of model validations: comparisons of the estimates provided by the RPM of interest
to 1) the observed survival (N=27) and/or 2) the estimates of other RPM and/or (inter)
national clinical guidelines (N=13). To assess clinical validity, we restricted our in-depth
analyses to validation studies that compared estimated to observed survival. Since
comparisons between RPM and/or (inter) national clinical guidelines are prevalent and
informative, we also briefly describe the findings of these types of comparisons (not
incorporated in overview Tables 1-5).

Overview of studies comparing RPM estimates to observed survival

Table 2 provides an overview of the study design, population characteristics, and
reported clinical validity for the 27 validation studies retrieved. Barring one case-control
study (40), all validation studies had a retrospective design. Ten (40-49) of the validation
studies were independent validation studies. The validation populations were mostly
hospital-based, but Adjuvant! (50) and Oncotype Dx (51) were also validated in
population-based cohorts. Also, MammaPrint was only validated on fresh frozen tissue,
while Oncotype Dx was only validated on fixed paraffin-embedded tissue. Validation
populations consisted mostly of patients diagnosed in the 1980s and 1990s. Only a
small proportion of the patients in the validation populations were younger than 40
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or older than 70 years. All validation studies retrieved, except for Buyse et al. (52),
used patients who were treated systemically (chemotherapy and/or hormonal therapy)
according to clinical guidelines applicable at the time the patients were diagnosed.
Thus these validations are not ‘pure validations’, where RPM estimates are compared
to observed survival in the absence of treatment or where treatment is allocated based
on the outcome of the RPM of interest. Table 3 presents an overview of treatment
allocation and the prevalence of recurrence according to patient classification by
NPI, MammaPrint and Oncotype Dx. Buyse et al. (52) assessed the clinical validity of
MammaPrint in an untreated cohort, and reported that 16% of the patients classified
as low risk and 30% of those classified as high risk developed recurrences. In the
cohorts of treated patients, Oncotype Dx classified about 30% of patients as high risk,
whereas MammaPrint classified about 50%-60% as high risk. MammaPrint classified
73% of the predominantly post-menopausal patients in the validation by Wittner et al.
(49) as high risk. Oncotype Dx classified a significant proportion of patients as having
an intermediate risk, but the clinical implications of this category are unclear (53-55).
Figures 2a and 2b provide an overview of the variance in sensitivity, specificity and
positive and negative predictive values between validation studies for MammaPrint and
Oncotype Dx respectively (we do not show these estimates for the NPI, as useable
data was retrieved for only 2 studies).

MammaPrint

1007 ;
90T
Buyse etal
) L]
80T Bueno de.Mesquna etal
van 't Veer etal
L ]
70T
60T
50T
40T
30T
20T
10T
of
T T T T
Sensitivity* Specificity* PPV NPV

PPV= positive predictive value; NPV= negative predictive value
Sensitivity and specificity for low risk classification by MammaPrint

Figure 2a Variance in sensitivity, specificity and predictive value between studies for MammaPrint
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Assessing and communicating breast cancer prognosis

As shown in Table 4 (also see Figure 3), four (44, 46, 50, 56) of the six validation studies
found that Adjuvant!’s estimates were less accurate in patients <40 years or =75 years
at diagnosis. OS was overestimated by 9% up to 30% for patients <40 years and in
elderly patients (>65 years) by 12% (43, 44, 46). Two studies (44, 50) reported the
difference between predicted and observed RFS. The largest discrepancies reported
were a 19% underestimation of RFS for patients 76 years at diagnosis and a 14%
overestimation for those <40 years at diagnosis (44, 50).

Oncotype Dx

1007
- O
807
Albain et al
[ ]
707
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50
N @
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207
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o
T T T T
Sensitivity* Specificity* PPV NPV

PPV= positive predictive value; NPV= negative predictive value
Sensitivity and specificity for low risk classification by Oncotype Dx

Figure 2b Variance in sensitivity, specificity and predictive value between studies for Oncotype Dx

The NPI, Adjuvant!, MammaPrint and Oncotype Dx were developed in European and/
or North American populations. Clinical validity was also assessed in non-western
populations (Table 2). A validation study (43) in a Malaysian population (N=631) found
that Adjuvant! was especially overoptimistic in Malay women < 40 years at diagnosis,
overestimating OS by 20% (43). Oncotype Dx’ performance in Japanese patients was
assessed in a small case control study, that found that a higher Oncotype Dx’ recur-
rence score (RS) was associated with disease recurrence (N= 40; RS in patients with
recurrence 40.0 (95%-Cl=21.1-58.9 ); RS in patients without recurrence 17.8 (95%-
Cl= 13.8-21.9)) (40). Ishitobi et al. (57) reported that MammaPerint classified 80% of
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patients as high risk, a greater proportion of high risk cases than reported in European
validation populations (see Table 3). In the latter study only 18% of the high risk cases
had a recurrence, however 70% of these patient received hormonal therapy and 33%
received chemotherapy. It is thus unclear whether the high percentage of high risk
classification is accurate and that the relatively low recurrence rate is (partly) explained
by treatment, or that the current cut-offs for the MammaPrint risk categories are not
valid for the Japanese population (57).
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Figure 3 Overall survival predicted by Adjuvant! versus observed

Comparisons between RPM or RPM compared to clinical guidelines

Thirteen studies compared MammaPrint to NPl and Adjuvant!, and/or to existing inter-
national guidelines, such as the St. Gallen consensus guidelines and the NIH guidelines
(58-61). MammaPrint was reported to provide additional prognostic information espe-
cially in ER-positive lymph node negative breast cancer patients deemed to have alow
clinical risk by Adjuvant! and/or NPI (58). A small-scale study in a German population
(>60 years) found a discordance rate between MammaPrint and Adjuvant! of 48%
(n=60) if these RPM were used separately (60). Instead of using them separately, if
MammaPrint was used in combination with the clinicopathological factors from
Adjuvant!, the recommendation differed in 11 of the 60 (18%) patients in the study.
This would have led to six additional patients being advised adjuvant chemotherapy
and five patients being spared systemic treatment (60). Gevensleben et al. (59) found a
similar discordance, namely of 41%, between MammaPrint and Adjuvant! in a German
population (N=140) (59). They reported that combining the MammaPrint results with
clinicopathological factors would have resulted in altered treatment recommendations in
41% of the patients (57 of 140). Of these patients 45 were classified as having a ‘high’
recurrence risk by Adjuvant!, while MammaPrint classified them as low risk; hence 41%
of patients were potentially over- or undertreated (59). A small study in Korean patients
(N=36) comparing MammaPrint classification to other clinicopathological classifications,
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reported that MammaPrint classified almost 90% of patients as high risk, which is a
significantly larger proportion than in European patient cohorts (61).

Aim 3: Assessment of the RPM reports

We retrieved the reports for 12 of the 20 RPM identified (for a description see Table
5). They generally consisted of the survival probability described for one or more time
periods, a risk category and/or a form of graphical representation of the risk estimates.
MammaPrint (10), Oncotype Dx (9) and Theros BCI (30) reports provide the confidence
interval around the survival probability.

Ten of the 12 RPM for which we retrieved a report provide a graphical representation
of probabilities. CancerMath (25) provides users with the option to choose in which
graphical format they want the probabilities presented. Six (9, 10, 25, 30, 34, 36) models
report survival curves and three molecular profiles provide technical graphs, e.g. heat
maps' (10, 36) and normalization curves? (33).

Ten (8-10, 23-25, 30, 32, 34, 36) reports were intended for both oncologists and patients.
Not all of these explicitly stated that they were also intended for patients. Yet, on the
RPM developers’ websites patients are provided tools to help them read the RPM report.
On the Oncotype Dx website for example, patients can watch a video that explains
what the information contained in the report means. In the disclaimer all developers
urge patients to consult their oncologist to discuss the content of the RPM report.

To be able to read and comprehend any of the RPM reports , literacy at least at high
school level is required (Web appendix 2). All the reports of the bio-molecular profiles
provide information on the technical aspects of the assay, its development, validation
and literature references. Especially these sections have a high use of medical jargon
and technical biomedical details, which was rarely explained in lay terms. For example:
“The test is performed using a microarray-based gene expression profile. An unbiased,
supervised analysis of the entire human genome, ~25,000 genes, followed by a leave-
one-out cross-validation procedure ...”.

! A heat map is a graphical representation of data where the individual values contained in a data matrix are represented as
colors.
% Normalization means to adjust microarray data for effects which arise from variation in the technology rather than from

biological differences between the RNA samples or between the printed probes (62).
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Discussion

The aim of this review was to identify available RPM that intend to aid adjuvant sys-
temic treatment selection in breast cancer, provide an overview of the reported clinical
validity of their prognostic estimates, and assess how comprehensible the presentation
of estimates is. We identified 20 RPM that aim to help oncologists answer the same
question, namely: “Will this specific patient potentially benefit from systemic treatment
(and if so how large is the survival gain)?”. The main difference between RPM lies in the
elements they utilize to generate their estimates and in how they present their results.

None of the RPM based on genetic profiles incorporates clinical factors, while there is
some evidence suggesting that traditional clinicopathological variables, namely tumor
size, nodal status, histologic grade, and, to a lesser extent, age at diagnosis retain
independent prognostic value (54, 63). An effort to create a new model that combines
the Oncotype Dx recurrence score with clinicopathological factors was reported. The
resulting Recurrence Score Pathology-Clinical score (RSPC-score) was found to refine
the assessment of distant recurrence risk, and, most important, reduce the number
of patients classified in the intermediate risk category (64). However, the RSPC-score
cannot currently be calculated for an individual patient because the model has not yet
been fully specified and, most important, has not yet been externally validated in fully
independent datasets (65).

The authors of the validation studies retrieved reported that their RPM showed good to
excellent clinical validity. However, these validation studies were mostly retrospective
validations in cohorts of patients treated according to clinical guidelines at the time
they were diagnosed. We found significant variations in the prevalence of recurrences
and treatment allocation between studies. Unfortunately, a number of studies used
(a subset of) the same population for multiple validations (e.g. (66-69)). They did not
provide sufficient data for us to be able to appropriately quantify the data on patient
characteristics, which would have further facilitated comparisons. Also, we provide a
graphic overview of the variation in RPM performance statistics (i.e. sensitivity, spec-
ificity, and predictive value). However, the influence of treatment on observed survival
could not be taken into account, as the validation studies generally did not provide
information on the distribution of recurrences within high and low risk patients stratified
by treatment allocation. Thus, the RPM performance statistics should be interpreted
cautiously. We realize that withholding or allocating systemic therapy based on the pre-
dictions of insufficiently validated RPM is not ethical, and it is difficult to find untreated
patients nowadays. Therefore, until prospective trials where treatment is allocated
according to RPM predictions become available, this is the best evidence we have, in
spite of its limitations.
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Two subgroups, for which the accuracy of the prognostic estimates of RPM based
on clinical prognosticators are suboptimal, are women <40 or =65 years at diagnosis.
Further, the clinical validity of Adjuvant!, and MammaPrint’s prognostic estimates in
Asian patients was inferior. Adjuvant! overestimated OS by almost 20%. MammaPrint
classified =80% of patients as high risk, where in the European validation populations
<60% of patients was classified as high risk. The observed difference in prevalence
of high risk classification by MammaPrint could point to a gene disparity between
Asians and Europeans (57, 61). Also, the seemingly low recurrence rate in the patients
classified as high risk could be (partly) explained by systemic treatment. Large-scale
studies are required to assess the validity of the prognosticators used in these RPM
in Asian breast cancer patients (57, 61).

Overall, we found that the assumption that the currently available RPM’s are clinically
valid does not hold in certain patient subgroups, and that most RPM seem to have
similar shortcomings. There are ongoing international efforts to assess the accuracy
of available RPM based on clinical or molecular profiling, such as the

Sage Bionetworks-DREAM Breast Cancer Prognosis Challenge.® These initiatives can
help improve existing RPM or lead to the development of more accurate models, using
the wealth of data already available.

Standardization of the terminology used in this field would also be beneficial. Varying
study designs are used and the terms used as keywords vary greatly. Therefore, we
might have missed some relevant papers, even though we also attempted to manually
track references.

The underlying assumption of RPM is that accurately estimated probabilities improve
decision-making and consequently patient outcomes. The justification of this assump-
tion can only be assessed in impact studies, which quantify the effect of using versus not
using RPM. Hornberger et al. (70) reviewed studies on the effect of the use of Adjuvant!,
MammaPrint and Oncotype Dx on clinical recommendations and decisions. Overall,
use of RPM led to a change in treatment recommendation ranging from 1% - 74%.
However, there was considerable heterogeneity between studies.

RPM reports might seem straightforward as the essence of all the information contained
in these reports is often summarized with a risk category, which is clearly provided.
However, to truly understand what it means to be in the ‘low risk’ category, and to

? Sage Bionetworks-DREAM Breast Cancer Prognosis Challenge (http://www.the-dream-project.org/challenges/sage-bionet-
works-dream-breast-cancer-prognosis-challenge): the goal of the breast cancer prognosis Challenge is to assess the accuracy of
computational models designed to predict breast cancer survival, based on clinical information about the patient’s tumor as

well as genome-wide molecular profiling data including gene expression and copy number profiles.
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be able to make a deliberate choice to undergo or forego treatment (partly) based on
these results, a patient has to have insights in how large the mortality or recurrence
risk associated with this category is. In their current format the content of the 12 RPM
reports we assessed are too difficult to understand for most patients and it begs the
question whether the addition of technical graphs (e.g. heatmaps) provides support
to patients or even to oncologists. It is not advisable to provide patients with such a
report without adequate explanation by a trained health professional. If developers
wish for their model to be implemented in the clinical encounter and/or for patients
to receive a report, they might consider creating a report specifically intended for
patients containing only relevant information in lay terms. Developers should consider
collaborating with cognitive and social psychologists to design risk communication
and presentation strategies (71).

An advantage of RPM is that the risks are tailored to individual patient and tumor
characteristics. People provided with individualized risks have been shown to become
more motivated to engage in the communication process, and to have more accurate
risk perception and better knowledge (72). RPM thus have the potential to empower
patients by allowing them to become better informed participants in the decision-making
process. However, focusing on the recurrence probabilities with and without therapy
can also sidetrack patients from paying attention to side effects, which are part of the
tradeoff involved in choosing therapy.

Observational studies of the communication process between oncologists and patients
involving RPM are lacking, as are studies investigating patients’ understanding of the
uncertainties involved. In spite of the lack of research, some lessons can already be
learned. Oncologists should be aware that most, but not all patients wish to receive
prognostic information and that information preferences are difficult to predict (73, 74).
It is therefore recommended to ask patients whether they wish to know the specific
prognosis from RPM. If a patient wishes to hear the probabilities, communication of
these probabilities can be optimized by using pictographs (75, 76).
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Web appendix 1 Search strategy per database

Source Search terms

PUBMED (“Individualized Medicine”[Majr] OR “Personalized medicine”[tiab] OR
“Decision Support Techniques”[Majr:NoExp] OR “Decision Making, Computer-
Assisted”[Majr:NoExp] OR “prognostic model”[tiab] OR “prognostic software
model”[tiab] OR “Prognostication”[tiab] OR “decision aid”[tiab] OR “individualized risk
information”[tiab] OR “patient-specific decision aid”[tiab] OR “decision aids”[tiab] OR
((“therapeutic efficacy”[tiab] OR “therapeutic resistance”[tiab] OR “prognosis”[tiab]
OR “Prognostic”[tiab] OR “Predictive”[tiab] OR “Predictor”[tiab] OR “Predictors”[tiab]
OR “Prediction”[tiab] OR “Predictions”[tiab] OR “Predict”[tiab] OR “Predicts”[tiab] OR
“Decision”[tiab] OR “Decide”[tiab] OR “Decides”[tiab]) AND (“tool”[tiab] OR “tools”[tiab]
OR “molecular”[tiab])) OR “OncotypeDX"[tiab] OR “oncotype dx”[tiab] OR “21-gene
assay”[tiab] OR “70-gene signature”[tiab] OR “mammaprint”[tiab] OR “Predict”[tiab]
OR “nomogram”[tiab] OR “PAM50”[tiab] OR “MapQuant Dx”[tiab] OR “Theros Breast
cancer Index SM”[tiab] OR “BLN assay”[tiab] OR “Arup breast bioclassifier”[tiab] OR
“Celera Metastatic Score”[tiab] OR “Exagen Breast cancer tm”[tiab] OR “Invasive
gene signature”[tiab] OR “Mammostrat”[tiab] OR “Epi/Doc”[tiab] OR “Van Nuys
prognostic index”[tiab] OR “VNPI”[tiab] OR “Genomic grade index”[tiab] OR “GGl"[tiab])
AND (“breast neoplasms”[Majr] OR ((“breast”[tiab]) AND (“neoplasms”[tiab] OR
“neoplasm”[tiab] OR “cancer”[tiab] OR “tumor”[tiab]OR “tumour”[tiab] OR “tumors”[tiab]
OR “tumours”[tiab] OR “malignancy”[tiab] OR “malignancies”[tiab]))) AND “adjuvant
therapy”[tiab]

EMBASE (*"personalized medicine”/OR “Individualized medicine”.ti,ab. OR “Personalized
medicine”.ti,ab. OR *”decision support system”/ OR “Decision Support Techniques”.
ti,ab. OR “prognostic model”.ti,ab. OR “prognostic software model”.ti,ab. OR
“Prognostication”.ti,ab. OR “decision aid”.ti,ab. OR “individualized risk information”.
ti,ab. OR “patient-specific decision aid”.ti,ab. OR “decision aids”.ti,ab. OR ((“therapeutic
efficacy”.ti,ab. OR “therapeutic resistance”.ti,ab. OR “prognosis”.ti,ab. OR “Prognostic”.
ti,ab. OR “Predictive”.ti,ab. OR “Predictor”.ti,ab. OR “Predictors”.ti,ab. OR “Prediction”.
ti,ab. OR “Predictions”.ti,ab. OR “Predict”.ti,ab. OR “Predicts”.ti,ab. OR “Decision”.
ti,ab. OR “Decide”.ti,ab. OR “Decides”.ti,ab.) AND (“tool”.ti,ab. OR “tools”.ti,ab. OR
“molecular”.ti,ab.)) OR “OncotypeDX”.ti,ab. OR “oncotype dx”.ti,ab. OR “21-gene
assay”.ti,ab. OR “70-gene signature”.ti,ab. OR “mammaprint”.ti,ab. OR “Predict”.ti,ab.
OR “nomogram”.ti,ab. OR “PAM50”.ti,ab. OR “MapQuant Dx”.ti,ab. OR “Theros Breast
cancer Index SM”.ti,ab. OR “BLN assay”.ti,ab. OR “Arup breast bioclassifier”.ti,ab. OR
“Celera Metastatic Score”.ti,ab. OR “Exagen Breast cancer tm”.ti,ab. OR “Invasive gene
signature”.ti,ab. OR “Mammostrat”.ti,ab. OR “Epi/Doc”.ti,ab. OR “Van Nuys prognostic
index”.ti,ab. OR “VNPI”.ti,ab. OR “Genomic grade index”.ti,ab. OR “GGI”.ti,ab.) AND
(exp *’breast tumor”/OR ((“breast”.ti,ab.) AND (“neoplasms”.ti,ab. OR “neoplasm”.ti,ab.
OR “cancer”.ti,ab. OR “tumor”.ti,ab.OR “tumour”.ti,ab. OR “tumors”.ti,ab. OR “tumours”.
ti,ab. OR “malignancy”.ti,ab. OR “malignancies”.ti,ab.))) AND “adjuvant therapy”.ti,ab.
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Web appendix 1 Search strategy per database

Source

Web of
Science

Search terms

TS=((“personalized medicine” OR “Individualized medicine” OR “Personalized medicine”
OR “decision support system” OR “Decision Support Techniques” OR “prognostic
model” OR “prognostic software model” OR “Prognostication” OR “decision aid” OR
“individualized risk information” OR “patient-specific decision aid” OR “decision aids”
OR ((“therapeutic efficacy” OR “therapeutic resistance” OR “prognosis” OR “Prognostic”
OR “Predictive” OR “Predictor” OR “Predictors” OR “Prediction” OR “Predictions” OR
“Predict” OR “Predicts” OR “Decision” OR “Decide” OR “Decides”) AND (“tool” OR
“tools” OR “molecular”)) OR “OncotypeDX” OR “oncotype dx” OR “21-gene assay” OR
“70-gene signature” OR “mammaprint” OR “Predict” OR “nomogram” OR “PAM50” OR
“MapQuant Dx” OR “Theros Breast cancer Index SM” OR “BLN assay” OR “Arup breast
bioclassifier” OR “Celera Metastatic Score” OR “Exagen Breast cancer tm” OR “Invasive
gene signature” OR “Mammostrat” OR “EpiDoc” OR “Van Nuys prognostic index” OR
“VNPI” OR “Genomic grade index” OR “GGI”) AND (“breast tumor” OR ((“breast”) AND
(“neoplasms” OR “neoplasm” OR “cancer” OR “tumor” OR “tumour” OR “tumors” OR
“tumours” OR “malignancy” OR “malignancies”))) AND “adjuvant therapy”)
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Abstract

Importance

Online prognostication tools such as PREDICT and Adjuvant! are increasingly used in
clinical practice by oncologists to inform patients and guide treatment decisions about
adjuvant systemic therapy. However, their validity for young breast cancer patients is
debated.

Objective

To assess first, the prognostic accuracy of PREDICT’s and Adjuvant! 10-year all-cause
mortality, and second, its breast cancer-specific mortality estimates, in a large cohort
of breast cancer patients diagnosed <50 years.

Design
Hospital-based cohort.

Setting
General and cancer hospitals.

Participants
A consecutive series of 2,710 patients without a prior history of cancer, diagnosed
between 1990-2000 with unilateral stage I-ll breast cancer aged <50 years.

Main outcome measures
Calibration and discriminatory accuracy, measured with C-statistics, of estimated
10-year all-cause and breast cancer-specific mortality.

Results

Overall, PREDICT’s calibration for all-cause mortality was good (predicted versus
observed) mean . - -1.1% (95%Cl: -3.2% to 0.9%) (P= 0.28)). PREDICT tended
to underestimate all-cause mortality in good prognosis subgroups (range mean . -
-2.9% to -4.8%), overestimated all-cause mortality in poor prognosis subgroups (range
mean ;.. ..... 2-6% 10 9.4%), and underestimated survival in patients < 35 by -6.6%.
Overall, PREDICT overestimated breast cancer-specific mortality by 3.2% (95%CI: 0.8%
t0 5.6%) (P=0.007)); and also overestimated it seemingly indiscriminately in numerous
subgroups (range mean . :3.2% to 14.1%). Calibration was poor in the cohort of
patients with the lowest and those with the highest mortality probabilities. Discriminatory
accuracy was moderate-to-good for all-cause mortality in PREDICT (0.71 (95%Cl: 0.68
to 0.73)) and the results were similar for breast cancer-specific mortality. Adjuvant!’s
calibration and discriminatory accuracy for both all-cause and breast cancer-specific

mortality were in line with PREDICT’s findings.
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Conclusions

Although imprecise at the extremes, PREDICT’s estimates of 10-year all-cause mor-
tality seem reasonably sound for breast cancer patients <50 years; Adjuvant! findings
were similar. Prognostication tools should be used with caution due to the intrinsic
variability of their estimates, and because the threshold to discuss adjuvant systemic
treatment is low. Thus, seemingly insignificant mortality over- or underestimations of
a few percentages can significantly impact treatment decision-making.
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Introduction

In 2015, a total of 14,449 women were diagnosed with invasive breast cancer in The
Netherlands, of which 20% were younger than 50 years at diagnosis (1). Available
evidence strongly suggests that breast tumors are more aggressive in young (especially
those <40 years) than in post-menopausal women (2-5). This is partly due to the
over-representation of aggressive biological features (e.g., estrogen receptor (ER)
negative, grade 3 in young patients (2-5). Yet, even after controlling for known biological
factors indicative of tumor aggressiveness, young age in itself remains an independent
predictor of poor cancer-specific survival, and strongly correlates with the risks of
local recurrence and contralateral breast cancer (4,6,7). Therefore, pending better
molecular characterization of tumors in young women, young age itself and classical
tumor characteristics, remain important prognosticators.

Accurate quantification of long-term disease outcome and potential adjuvant systemic
treatment benefit could help oncologists and patients in tailoring treatment decisions,
also considering the potential side-effects of and possibly reduced quality of life during/
after systemic therapy. Furthermore, adequately informing patients about such prob-
abilities as well as the side-effects of treatment could empower them to choose the
treatment option that best fits their preferences. Adjuvant! (8,9) and PREDICT (10,11)
are online prognostication tools, that provide personalized 10-year all-cause and/or
breast cancer-specific mortality estimates for the adjuvant treatment setting. Both
tools base their predictions on patient (e.g., age) and tumor (e.g., size, nodal status,
ER-status, and grade) characteristics.

Clinicians reported common use of Adjuvant! during consultations with patients (12,13);
PREDICT’s average user access is 10,000 per month as per February 2016, and currently
probably higher as Adjuvant! has been offline for some time. Further, the Dutch national
breast cancer guideline based its treatment recommendations on Adjuvant!’s estimates
and leading British and American guidelines endorsed Adjuvant!’s use to quantify prog-
nosis (14-16). Adjuvant! and PREDICT have mainly been externally validated in North
American and European populations, but also in Asian populations (17-19). Generally,
their estimates seem accurate for Western patients diagnosed between 50-65 years
(17-19). A recent analysis within the POSH study of about 600 women diagnosed
<40 years with =10-year follow-up has shown that overall PREDICT overestimated all
cause 10-year mortality by 8%, and that in women aged 31- 35 years at diagnosis it
underestimated all-cause mortality by 5%18. Overall, the evidence on Adjuvant! and
PREDICT’s performance in young patients is not strong, as the number of young patients
(with sufficient follow-up) included in the validation studies was small; but it suggests
that both tools significantly underestimate mortality in patients diagnosed <50 years,
with the largest discrepancies observed in patients diagnosed <35 years (17-21). These
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findings are concerning; especially as Adjuvant! already adjusts its mortality estimates
for ER-positive breast cancer patients <35 years by a factor of 1.5 (9). In view of the
limited evidence on their performance in patients <50 years, and the impact that these
tools can have on oncologists’ and patients’ decision-making, our primary aim was to
assess the prognostic accuracy of PREDICT and Adjuvant!’s 10-year all-cause mortality
estimates in a large cohort of young breast cancer patients, and secondarily to assess
the prognostic accuracy of their breast cancer-specific mortality estimates.
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Methods

Patient selection

We used data from a hospital-based cohort of consecutive females diagnosed <50 years
of age with invasive breast cancer, identified through medical registries of participating
hospitals or the Netherlands Cancer Registry. We selected all patients diagnosed
between 1990-2000 with unilateral stage I-lll breast cancer without a previous cancer
diagnosis (except non melanoma skin cancer), for whom complete data on tumor
size, nodal status, receipt of adjuvant systemic therapy, and follow-up was available
(Appendix Figure 1; Appendix A).

Procedures

Data collection has been described previously (22), in short: information about diag-
nosis and treatment, e.g., histological tumor grade, stage, adjuvant chemotherapy
and endocrine systemic treatment (before summer 2005 no adjuvant trastuzumab
was administered), estrogen (ER) and progesterone receptor status (PR), Her2-neu,
and angiolymphatic invasion were gathered from original pathology reports and/or
determined using reviews of whole slides and staining of tumors in tissue micro arrays.
Follow-up data, such as date of last follow-up, vital status, and cause of death were
obtained from the medical registries from the participating hospitals and/or linkage with
the Dutch municipal registry through the Netherlands Cancer Registry (last follow-up
update in 2013). Patients with unknown vital status (N=16) and follow-up time <10
years (N=21) were excluded (Appendix Figure 1; Appendix A).

Predicted all-cause and breast cancer-specific mortality were calculated for each
patient individually by entering prognosticators in PREDICT (version-1.3) and Adjuvant!
(version-8.0) batch processors, with blinding to patient outcomes. After the calculation
of the mortality estimates, we received a revision of the systemic therapy data which
showed that for N=219 patients whether they had received systemic therapy or not,
and to a lesser extent which type of systemic therapy they had received had been
misclassified. We recalculated PREDICT’s estimates, but not for Adjuvant!, since the
latter tool was no longer available. In essence, the direction of the difference did not
change, nor did our conclusions.

Adjuvant! requires data on comorbidity, which was not available, therefore we set comor-
bidity to minor problems (default setting). Patients <50 years at diagnosis are unlikely
to have significant comorbidities, consequently the setting used will give average out-
comes reflecting the general health of our sample. KI67-status was set to unknown,
and mode of disease detection was set to symptomatic, in the PREDICT analyses.
Also, we used the Prognostic Factor Impact Calculator incorporated in Adjuvant! to take
Her2-status into account in the calculation of the all-cause and breast cancer-specific
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mortality probabilities. We assumed a relative risk for high vs. low risk group of 1.5
and that on average 20% of patients had Her2-positive disease (23-25). For patients
without Her2 overexpression we used the low risk probability estimates, for those
with Her2 overexpression we used the high risk estimates and for those with unknown
Her2-status we used the unadjusted estimates automatically generated by Adjuvant!.

Statistical analysis

PREDICT’s batch processor cannot calculate prognostic estimates if ER-status is
unknown, thus patients with unknown ER-status were excluded from all analyses of
PREDICT’s estimates, leaving 2,073 and 1,076 patients in the all-cause and breast
cancer-specific mortality analyses respectively. In the all-cause mortality analyses of
Adjuvant! all 2,710 patients that met the inclusion criteria were included. In the breast
cancer-specific mortality analyses, hospitals for which cause of death data was missing
were excluded leaving 1,535 patients in the analyses.

100%
90%-+
80%-

70%

40%

30% i %

20% E
° ] W Observed all-cause mortality
10% i 4 Observed Breast Cancer Specific Mortality
0
g ----- Perfect line (x=y)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Predicted all-cause mortality

Deciles with <100 cases were merged.
Error bars are standard errors (SE).

Figure 2 Observed vs. PREDICT estimates of 10-year all-cause and breast cancer specific mortality

We compared the average observed and the average predicted 10-year all-cause and
breast cancer-specific mortality using one-sample T-tests for proportions. We used a
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1,000 resamples bootstrap for calculation of the 95%-confidence interval, and bootstrap
p-values were directly calculated from the bootstrap sampling using the percentiles and
simple sampling method. The prognostication tool’s average predicted mortality was
the fixed value (i.e., assumed to be true based on the model used), and the average
observed mortality the comparison variable. We compared the concordance between
the observed and predicted estimates for the whole population and for subgroups of
relevant prognostic characteristics, which were determined a priori.

Additionally, we evaluated model calibration by plotting averages of observed versus
predicted mortality, grouped by deciles of predicted outcomes. If there were <100
patients in a decile, it was merged with adjacent decile(s) to ensure sufficiently large
numbers in all deciles. The slope of the fitted line was compared with the slope of the
line indicating a perfect relationship (y=x). We evaluated discriminatory accuracy using
receiver-operator curves (ROC) and corresponding c-indices derived by calculating the
area under the curve (AUC). All analyses were performed in SPSS version 20.0 software.
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Results

Patients in the all-cause mortality analyses had a mean age of 42 years (range: 22-50)
and an average of 13.5 years follow-up (Appendix Table 1). Overall, 61% of patients
had stage Il disease (Appendix Table 2), and on average patients <40 years more often
had ER-negative, grade 3 and/or node-positive disease compared to those who were
41-50 years at diagnosis.

Calibration of 10-year all-cause mortality for the whole population

Calibration was assessed using the mean difference between predicted an observed
mortality. PREDICT tended to underestimate all-cause mortality, but the overall dif-
ference was not statistically significant (-1.1, 95%-Cl: -3.2 to 0.9; P=0.28) (Figure 1;
Appendix Table 3). Adjuvant! also underestimated all-cause mortality (-2%, 95%-ClI:
-3.7 10 -0.3; P=0.02) (Appendix Table 4). The PREDICT batch processor did not allow for
inclusion of patients with unknown ER-status, therefore these patients were excluded
(N= 637 (23.5%). However, Adjuvant!’s expected mortality did not change when we
excluded the patients with unknown ER-status (27.0% versus 26.7%).

Calibration of 10-year all-cause mortality for key prognostic subgroups

PREDICT underestimated all-cause mortality in the two youngest age groups by -6.6%
to -4.9 (Figure 1; Appendix Table 3). It also underestimated mortality in subgroups of
patients with good prognosis, e.g., stage I, T1, and NO disease, the mean range of
difference was between -2.9% to -4.8%. PREDICT tended to overestimate mortality
for poor prognosis subgroups (e.g., N1, stage Ill, T3) by 2.6% to 9.4%. PREDICT also
overestimated mortality in the Her2-negative subgroup by 2.2%. Adjuvant!’s perfor-
mance was comparable to PREDICT’s (Appendix Figure 2; Appendix Table 4). Neither
PREDICT nor Adjuvant! take angiolymphatic invasion into account, but we did evalu-
ated the prognosis estimates for subgroups in our dataset. Both tools underestimated
mortality in patients with extensive angiolymphatic invasion (range mean difference:
-4.0% to -9.3%) (Appendix Tables 3-4).

Calibration of 10-years breast cancer-specific mortality estimates

PREDICT overestimated breast cancer-specific mortality by 3.2% (95%-Cl: 0.8 to
5.6; P=0.007) (Figure 1; Appendix Table 3). Adjuvant!’s estimates did not significantly
differ from observed breast cancer-specific mortality (P=0.23) (Appendix Figure 3;
Appendix Table 4). However, both PREDICT and Adjuvant! seemed to indiscriminately
overestimate rates across subgroups (range mean difference: 3.0% to 14.1%) (Figure
1; Appendix Figure 3; Appendix Table 3-4).
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Calibration curves

The calibration curves for PREDICT and Adjuvant! were similar, and showed that
overall both tools’ predictions of all-cause mortality were accurate for patients with
20% to 40% mortality probability (Figure 2; Appendix Figure 4). However, the fit was
inferior in the cohort of patients with the best (<20% mortality probability) and poorest
(>40% mortality probability) prognosis (Figure 2; Appendix Figure 4). We found a similar
pattern for breast cancer-specific mortality probability estimates for both tools (Figure
2; Appendix Figure 4).

Discriminatory accuracy

PREDICT’s discriminatory accuracy for all-cause (C-statistic: 0.71) and breast cancer-
specific mortality (C-statistic: 0.74) was moderate in the whole population (Figure
3: panel-A, panel-D). To assess the discriminatory accuracy in the absence of a
treatment effect, we ran these analyses in untreated patients. Patients with relatively
good prognosis were overrepresented in this subgroup; there were more patients with
ER-positive (72%), grade 1 (22%), T1 tumors (62%), NO status (85%) and stage | (58%)
disease (compared to whole cohort: see Appendix-Table 2). The discriminatory accuracy
in the subgroup of untreated patients was moderate (Figure 3: panel-B, panel-E).
Adjuvant!’s discriminatory accuracy is in line with PREDICT in the whole population
and in the cohort of untreated patients (Appendix Figure 5).

In our analyses we accounted for Her2-status, which is not automatically done by
Adjuvant!. To gauge Adjuvant!’s discriminatory accuracy in a subgroup where we did
not use this adjustment, we ran these analyses in patients with unknown Her2-status.
Adjuvant! and PREDICT discriminatory accuracy for all-cause and breast cancer-
specific mortality in this subgroup was also moderate (Figure 3: panel-C, panel-F;
Appendix Figure 5).
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Discussion

The prognostic accuracy of PREDICT and Adjuvant!’s 10-year all-cause and breast
cancer-specific mortality estimates were evaluated in a large cohort of Dutch patients
diagnosed <50 years of age between 1990 and 2000. We mainly focus on PREDICT’s
results as Adjuvant! has been offline for some time, therefore we were unable to update
it estimates after receiving new data about adjuvant systemic therapy. However, the
updated data about adjuvant systemic therapy did not lead to differences in the direction
of the under- or overestimation by PREDICT, therefore, we used the Adjuvant! results
to substantiate our findings in PREDICT. Overall, PREDICT tended to underestimate
all-cause mortality, but the difference was not statistically significant. It did significantly
underestimated all-cause mortality for patients <40 years by up to -6.6%. Further,
PREDICT underestimated all-cause mortality for patients with good prognosis, and
overestimated it for those with poor prognostic characteristics. Adjuvant!’s calibration
and discriminatory accuracy in our population was in line with PREDICT’s. Although the
absolute differences observed were small, they might nonetheless be clinically relevant.
Given that the minimum treatment benefit generally required to be eligible for adjuvant
systemic treatment is only 3-5%, an absolute overestimation of treatment benefit of
2% may already affect treatment decisions, and reflects a relative overestimation of
almost 30%.

Many young patients (especially those <35 years) with favorable prognostic characteris-
tics (e.g., NO or T1) had a high tumor grade. This could partly explain PREDICT’s (and
Adjuvant!’s) underestimation of all-cause mortality in the good prognosis subgroups.
Also, it has been described that tumors in young patients have a greater tendency to
metastasize, even in case of favorable prognostic characteristics (4). Given the high
probability of poor outcomes in patients <40 years, it has been argued that most or all
are candidates for adjuvant chemotherapy, solely based on age at diagnosis (4). Indeed,
treating all patients diagnosed <40 years with adjuvant chemotherapy seems to be
the tendency in clinical practice, which inevitably means that a substantial proportion
of patients only experience side-effects and no treatment benefit. Current guidelines
(14-16) stipulate that independent of intrinsic tumor subtype, all breast cancer patients
<35 years with tumors >1cm should receive chemotherapy, and for those who are
Her2neu-positive (irrespective of age) chemotherapy in combination with trastuzumab
is also indicated in case of tumors 5-10 mm (T1b). The first international consensus
guidelines for the treatment of breast cancer in patients <40 years, however, strongly
advocated that age should not be the sole reason to prescribe more aggressive treat-
ment and that tumor biology should be the overriding factor (26). This underscores the
importance of well-validated tools including all relevant tumor characteristics.

Contrary to our findings that both prognostication tools tended to overestimate all-cause

75




Chapter 3

mortality in subgroups with poor prognosis, we found that both tools underestimate
all-cause mortality especially for patients with extensive angiolymphatic invasion by
as much as 9.3%. Currently, neither tool takes angiolymphatic invasion into account.
This is perhaps understandable as angiolymphatic invasion is one of the features that
pathologists have difficulty scoring in a reproducible manner, which has somewhat
limited its usefulness when assessing prognosis. However, in view of our findings, it
might be relevant to investigate whether this factor adds prognostic information.

Further, PREDICT (and Adjuvant!) tended to underestimate the impact of endocrine
therapy on survival. As relatively few young patients have ER-positive breast cancer,
and before 1995 endocrine therapy was not administered to premenopausal patients,
they are probably underrepresented in the trials on which the treatment effect estimates
are based. However, nowadays substantially more young patients are treated with
adjuvant systemic therapy (Appendix Figure 6), including endocrine therapy in case
of hormone-positive disease, as there is evidence that endocrine therapy is equally
effective in young/premenopausal and older/postmenopausal patients (27). Our findings
highlight that these tools need to be updated from time to time, as is currently the case
for Adjuvant!.

In this young age group, all-cause mortality is likely a close representation of breast
cancer-specific mortality. Based on our smaller dataset with known cause of death,
PREDICT significantly overestimated breast cancer-specific mortality, and it (like
Adjuvant!) seemed to generally indiscriminately overestimate breast cancer-specific
mortality across subgroups. For a large proportion of our population, data on cause
of death was not available, limiting the number of patients available for the breast
cancer-specific mortality analyses and leading to wide confidence intervals in many
subgroup analyses. Also, where cause of death was known, for 37% of patients in
our sample it was classified as not breast cancer-related. Considering that these were
young women, it seems unlikely that such a large proportion of patients would have
pre-existing comorbid conditions, i.e., competing causes of death. It seems more
likely that cause of death was not missing at random, and/or at least for a proportion
of these breast cancer patients and/or the late effects of treatment were the true
underlying cause of death. Indeed, bias through misclassification of cause of death
is a well-known problem when assessing cancer-specific mortality (28-30). Moreover,
differences may exist between health care provided in the Netherlands versus the
United States and United Kingdom. Therefore, our cancer-specific mortality findings
should be interpreted cautiously.

A clear strength of our study is our large cohort with complete data about tumor size,

nodal status and receipt of adjuvant therapy. However, a weakness is that mode of
disease detection (PREDICT) was missing (but population-based screening starts at 50
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years), and that Her2neu and KI67-status were not routinely determined at diagnosis,
and Her2-status was only assessed by immunohistochemistry. Also, we excluded
patients diagnosed prior to 1990, which reduced our sample size considerably. We
opted to exclude these patients from our analyses as patients diagnosed during this
time period had significantly poorer survival compared to those diagnosed between
1990-2000. Therefore, the findings in this subgroup would not be comparable to those
of currently diagnosed/treated patients. Further, we cannot disentangle the effect of
adjuvant systemic treatments on outcome, as treatment decisions were not or not
always based on PREDICT (or Adjuvant!) estimates, but on local treatment guidelines
and patient preferences. Yet, since half of our population did not receive adjuvant
systemic treatment, they can be viewed as a proxy for a validation unbiased by treatment
effect. In this subgroup PREDICT (like Adjuvant!) performed well with regard to all-cause
mortality. Additionally, some of the differences observed between the tools might be
due to differences in exposure to risk factors and/or factors associated with poor
survival between the populations in which they were developed (31-33), i.e., British for
PREDICT and American for Adjuvant!. Finally, in order to allow for sufficient follow-up
time we used a cohort of patients diagnosed up to 2000 in which absolute survival
might not completely reflect that of recently diagnosed patients (Appendix Figure 7).

PREDICT’s all-cause mortality estimates seem reasonably sound for young breast
cancer patients, but further adjustments are especially needed for patients <40 years
and for those in the best and poorest prognosis subgroups. Our data underscores that
it is important to remain aware of the fact that these tools provide average estimates
which in certain patients and patient groups might not be accurate, also in view of the
variability of the disease. These estimates, therefore, are intended to supplement, and
not to replace clinical judgement and doctor-patient communication, when advising
patients about adjuvant systemic therapy.
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Chapter 3

Appendix A supplemental information on the methods used

Number of patients per participating hospital

Included patients were treated between 1990 and 2000 at the Netherlands Cancer
Institute-Antoni van Leeuwenhoek Hospital (N=683), Erasmus Medical Center-Daniel
den Hoed Clinic (N=320), which are cancer centers; Leiden University Medical Center
(N=205), an academic hospital; and Medisch Spectrum Twente Hospital (N=839), PAMM
Laboratories (N=221), Albert Schweitzer Hospital (N=191), Rijnland Hospital (N=86),
Viecuri Hospital (N=74), Diaconessenhuis Leiden (N=50), and Elkerliek Hospital (N=41),
which are regional hospitals.

An update of the clinical and follow-up data revealed that 19 patients included in the
current study were 50 years at diagnosis, and therefore did not meet the eligibility
criterion of below 50 years. This shift in age was due to adjustment of the date of
diagnosis (histological confirmation). Given the small number of patients concerned
and the fact that the results remained the same irrespective of whether these patients
were included or not, we decided to keep them in the analyses.

Procedures

Data categorization: age at diagnosis (continuous), tumor size (continuous for PRE-
DICT and for Adjuvant! categorized as: 0.0-1.0 cm, 1.1-2.0 cm, 2.1-3.0 cm, 3.1-5.0
cm or >5.0 cm), tumor grade (categorized as: Grade 1, Grade 2, Grade 3 or undefined
if missing), number of positive axillary lymph nodes (continuous for PREDICT and for
Adjuvant! categorized as: 0 positive nodes, 1-3 positive nodes, 4-9 positive nodes or >9
positive nodes), ER-status (categorized as: positive, negative or undefined if missing).

For Adjuvant! if tumor diameter (in mm) was missing, patients were categorized using
pathological T-stage if available (T1 was categorized as having a tumor of 1.1-2.0 cm,
T2 was categorized as having a tumor of 3.1-5.0 cm and T3 was categorized as having
atumor of >5.0 cm). For Adjuvant! patients with missing data on the number of positive
axillary lymph nodes were categorized using pathological N-stage if available (NO was
categorized as having 0 positive nodes, N1 was categorized as having 1-3 positive
nodes, N2 was categorized as having 4-9 positive nodes and N3 was categorized
as having >9 positive nodes). We used weighed mean imputed values to calculate
PREDICT survival estimates for missing values of grade (imputed value: 2.25), tumor
size in mm (if pT1a-b: 5mm; pT1c: 1.5mm; pT2: 40mm; pT3: 50mm), and number of
positive axillary lymph nodes (if pN1: 2 positive nodes; pN2: 7 positive nodes; pN3:
10 positive nodes). The T, N, and M were determined according to Dutch guidelines
at the time of diagnosis; for combining these three factors in the stage variable, the
AJCC TNM staging guidelines of 2002 were used.
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According to the clinical cut-off points endorsed in the Dutch breast cancer guideline
for immunohistochemical staining of receptors, a tumor was considered receptor
negative using the following cut-offs: ER= <10%; PR= <10%; Her2-score= 0 or 1+))
(21;26;27). Receptor status data was included from Tissue Micro Arrays (TMA) if data
from pathology reports was not available, for ER the data source was N,, .= 757 and

pathology repors— 1316, and for Her2 data source was N, ,= 817 and N_ . =~ = 308.
Patients with a tumor that did not express ER, PR and Her2 were considered to have a
triple negative tumor. Within the time period that patients in this cohort had been diag-
nosed (i.e. 1990-2000), it was not yet standard practice to routinely assess cell-surface
Her2 protein expression by immunohistochemistry (Her2-status missing for N= 1,639
(60%)). Her2 was mostly included from analyses of TMA using Her2 immunohistochem-
istry, however, the number of copies of the Her2-gene was not quantified using an in
situ hybridization technique (e.g., FISH, CISH or SISH) for patients with an equivocal
Her2 immunohistochemistry (i.e. 2+ score) to definitively determine Her2-status (N=
60 (2%)). We opted to include patients with equivocal Her2 immunohistochemistry in
our analyses and treat them as having Her2-negative disease, based on Kaplan-Meier
curves analyses that showed that their survival pattern was similar to those with immu-
nohistochemistry Her2-negative disease (data not shown).

Angiolymphatic-invasion, i.e., tumor formation in blood and/or lymph blood vessels,
was only available for reviewed tumor H&E slides. A breast pathologist (H. Peterse,
NKI-AVL) scored the tumors as follows: 0=none, 1=1-3 vessels in the whole slide,
2=more than three vessels in the whole slide.

Adjuvant systemic treatment was categorized as: none, first generation (if treated with
cyclophosphamide - methotrexate - fluorouracil (CMF), cyclophosphamide - dox-
orubicin or epirubicin (AC or EC) (four cycles) or if type chemotherapy regime was
unknown and the patient also received endocrine therapy) and second generation (if
treated with fluorouracil (5FU) - doxorubicin or epirubicin - cyclophosphamide (FEC
or FAC) (six cycles), others). In the Adjuvant! analysis sample (N=2,710), in total 1,058
patients received first generation chemotherapy and 47 patients received second-gen-
eration chemotherapy. In the PREDICT analysis sample (N=2,073), in total 800 patients
received first generation chemotherapy and 24 patients received second-generation
chemotherapy. In this population, endocrine treatment only consisted of Tamoxifen.

Analyses

The following hospitals had no data on cause of death and were thus excluded from
the breast cancer-specific mortality estimates, namely: Elkerliek (N=41), Viecuri (N=74),
PAMM Laboratories (N=221) and Medisch Spectrum Twente (N=839).
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Chapter 4

Introduction

The use of adjuvant chemotherapy and endocrine therapy for early-stage breast cancer
has substantially increased. The presentation of the Early Breast Cancer Trialists
Collaborative Group (EBCTCG) meta-analyses of adjuvant systemic treatment effective-
ness, late-1990s, led to a paradigm shift where adjuvant systemic treatment was no
longer reserved for patients with (locally) advanced disease, but also became available
to node negative patients (1). New insights in prognostic factors and improvements
in treatment have led to further easing of the eligibility criteria for adjuvant systemic
treatment over time. For example, according to the American National Comprehensive
Cancer Network (NCCN) breast cancer guidelines, some form of adjuvant systemic treat-
ment could be considered for all breast cancer patients with invasive ductal or lobular
tumors larger than 0.5 cm. If a patient has Her2-positive disease, adjuvant systemic
treatment could also be considered for tumors smaller than 0.5 cm (2). Going by these
NCCN and other (inter)national guidelines, a proportion of early-stage breast cancer
patients with a clinical indication for adjuvant systemic treatment have a potential overall
survival benefit of as little as 1% - conversely, 99% of these patients potentially only
experience side-effects and no survival gain. With the exception of patient subgroups
deemed at high risk of recurrence and breast cancer mortality (e.g., Her2-positive
patients or those 40 years or younger at diagnosis), the general rule of thumb applied
in the Netherlands is that adjuvant systemic treatment is advised if treatment reduces
the patient’s risk of breast cancer death by at least 4% (absolute). This easing of the
eligibility criteria for adjuvant systemic treatment is also reflected in the substantial
increase in its use in Dutch clinical practice from 1990-2011. Where between 1990-1997
only 37% of early-stage breast cancer patients received adjuvant systemic therapy,
in 2011 an average of 70% of early-stage breast patients received adjuvant systemic
treatment (3, 4).

In 2000, just after the publication of the first EBCTCG meta-analysis, a survey amongst
Dutch oncologists reported that the majority felt that adjuvant chemotherapy should
minimally yield 6-10% overall survival benefit to make it worthwhile for patients with
node negative disease (5). To date no studies have assessed what survival benefit makes
endocrine treatment worthwhile according to oncologists. Yet, endocrine treatment
duration has been extended more and more (from 2.5 to 5 years and an extension
to 10 years is currently topic of debate), whilst studies show non-adherence and/or
premature discontinuation of treatment of as much as 40% (6-8).

It has been over a decade since Stiggelbout et al. conducted their survey of oncologists’
views on the survival benefit that makes adjuvant chemotherapy treatment worthwhile.
As patients are increasingly diagnosed at earlier stages the benefits adjuvant chemo-
therapy and endocrine therapy can yield are often small, whereas the potential for
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side-effects remains undiminished (4). In view of the substantial increase in adjuvant
systemic treatment use in the past decades, we replicated our study assessing how
much treatment benefit, given the potential side-effects, Dutch oncologists require to
tip the scale in favor of adjuvant systemic treatment.

105



Chapter 4

Methods

Recruitment of participants

This study was conducted as part of a larger project investigating oncologists’ views
on risk prediction models and their use in clinical practice to guide adjuvant systemic
treatment decisions (9). Medical and surgical oncologists were eligible to participate in
the current study. The Comprehensive Cancer Center the Netherlands (IKNL) sent out
an invitation to complete the anonymous online-survey on our behalf to the members
of all the medical oncology and breast cancer working parties. IKNL has a nationwide
coverage, facilitating the recruitment of our target. A reminder was sent four weeks later.

Measures and data analyses

To determine the minimal adjuvant systemic treatment 10-years overall survival benefit
participants deemed sufficient, they were asked: “What is the minimal percentage
treatment benefit that in your opinion makes treatment X worthwhile, given the side-
effects?”. This was a multiple choice question, where participants could choose from the
following categories: “1-5%”, “6-10%", “11-20%” or “more than 20%". If they indicated
that the treatment benefit they required was between 1-5%, they were asked to provide
us with the exact percentage. We also assessed some background characteristics
such as age, type of hospital they work at and level of experience. All analyses were
performed using SPSS 20.
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Results

We included forty-two oncologists, of whom half were surgeons. Participants were 49
years on average (range, 31-64 years), 58% were male and 80% worked in a teaching
hospital (general or academic) (Table 1). For privacy reasons we could not access data
on the size and composition of the IKNL working parties approached for this study;
hence, we are unable to estimate our response rate.

Chemotherapy

Half of surgical and medical oncologists indicated that between 6-10% survival gain is
the minimal percentage benefit that offsets the potential side-effects due to treatment
(Figure 1). Of the 16 (38%) oncologists who indicated that 1-5% was sufficient survival
gain, the minimally required benefit ranged from 3% (N=2, 13%) to 5% (N=9, 56%).

Table 1: Oncologists’ characteristics (N (%))

Surgical oncologists Medical oncologists
N= 20 N=22
< 50 years 10 (59) 13 (62)
Age
> 50 years 7 (41) 8 (38)
Gender Male 12 (71) 10 (48)
< 5 years 1(4) 3(12)
E. i treating b t
xperience treating breas By 7 29) 12 46)
cancer
> 10 years 17 (68) 11 (42)
General 3(18) 4(18)
Type of hospital Training 10 (59) 12 (55)
umcC 4 (24) 6 (27)

Participants do not add up to 42 due to missing data.; Differences between surgical and medical
oncologists were not significant. UMC= University Medical Center

Endocrine therapy

Medical oncologists tended to require greater survival benefits from endocrine therapy
than surgical oncologists, but the difference was not statistically significant (Figure 1).
If oncologists (N=21, 50%) thought that 1-5% overall survival benefit was sufficient to
justify endocrine treatment, the minimally required benefit threshold ranged from 3%
(N=19, 43%) to 5% (N=7, 24%).
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Generally, younger (<50 years) and female oncologists more often indicated that a
minimal overall survival benefit (1-5%) was sufficient to offset potential treatment

side-effects for both chemotherapy and endocrine therapy (data not shown; differences
not statistically significant).

Categories minimal benefit:

pling benefit

Endacrine Chemotherapy Endocrine
therapy therapy

Surgicaloncelogists \ Medical onclosiss |

Minimally desired 10-year overall survival gain

Figure 1 Minimal overall survival gain oncologists deem sufficient to justify adjuvant systemic treatment
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Discussion

There was a wide range in the benefit required from adjuvant systemic treatment within
both surgical and medical oncologists. Most oncologists required 6-10% survival
benefit to recommend adjuvant chemotherapy. When it came to endocrine therapy
most surgical oncologists had a lower required benefit threshold (1-5%) compared to
medical oncologists (6-10%).

The current study is the first to explore oncologists’ minimally desired treatment benefit
of endocrine therapy. Although a larger proportion of medical compared to surgical
oncologists require an overall survival benefit equal to that of chemotherapy, half of
our respondents required less treatment benefit to justify endocrine treatment which
suggests that there is a tendency to underestimate the impact of endocrine therapy.
Although often perceived as less aggressive, there is substantial non-adherence to
endocrine therapy, moreover, although side effects may be less severe, treatment lasts
for a substantially longer time. A recent study showed that overall, patients consider
the efficacy of treatment to be the most important factor, but it was closely followed
by side-effects joint and muscle pain and risk of endometrial cancer. About one in six
patients even felt that the treatment benefits did not outweigh the side-effects (10).
This illustrates the importance of taking patients’ values into account when deciding
about treatment.

Interestingly, even though the eligibility criteria for adjuvant systemic treatment have
become broader, oncologists’ minimally required benefit from adjuvant chemotherapy
remains unchanged compared to the findings reported by Stiggelbout et al. well over
a decade ago. Perhaps this lack of change, is a sign of the overriding sense that by
casting such a wide net, i.e. having such broad guidelines, more harm is done than
good, as the vast majority (>60%) of patients currently undergoing adjuvant systemic
treatment, probably do not need it (11). Unfortunately, the currently available tools are
not yet sensitive enough to help clinicians determine which patients can forego treat-
ment, without negatively affecting their (recurrence-free) survival (12).

Regrettably, our sample is small; nonetheless, our findings indicate that for both chemo-
therapy and endocrine therapy, most oncologists agree that treatment is worthwhile
if the potential survival benefit is 10% or more. There only seems to be a difference
of opinion if the potential benefit is less than 10%. Oncologists that participated in
the current study require greater survival benefits from adjuvant systemic treatment,
than the threshold indicated in the Dutch breast cancer guideline (i.e., = 4%), to deem
treatment worthwhile. Over the past decades patients are diagnosed at earlier stages
and have a good prognosis a priori. The fact that during the same period the use
of adjuvant systemic treatment has virtually doubled, suggests that oncologists do
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not adhere to their own minimally-desired treatment benefit when recommending
treatment to patients. This stresses the imperative for oncologists and patients to
critically mull over whether the potential treatment benefits are worthwhile in light of
the side-effects associated with treatment. Especially when the potential treatment
benefit is small, patient preferences could be the overriding factor when deciding about
treatment. However, to make this possible, patients should be adequately informed
about all the relevant treatment options (including forgoing treatment), their potential
benefits and (main) side-effects, and afforded the opportunity to freely discuss their
thoughts, concerns and any doubts about treatment with their oncologist. Such an
open exchange of information (oncologist) and considerations (patients) could help
patients and their oncologists to decide on the best course of action with which both
parties feel comfortable.
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Abstract

Purpose

Risk prediction models (RPM) in breast cancer quantify survival benefit from adjuvant
systemic treatment. These models (e.g. Adjuvant! Online (Adjuvant!)) are increasingly
used during consultations, despite their not being designed for such use. As still little
is known about oncologists’ views on and use of RPM to communicate prognosis to
patients, we investigated if, why, and how they use RPM.

Methods
We disseminated an online questionnaire that was based on the literature and individual
and group interviews with oncologists.

Results

Fifty-one oncologists (partially) completed the questionnaire. Adjuvant! is the best
known (95%) and most frequently used RPM (96%). It is used to help oncologists
decide whether or not to recommend chemotherapy (>85%), to inform (86%) and help
patients decide about treatment (>80%), or to persuade them to follow the proposed
course of treatment (74%). Most oncologists (74 %) believe that using Adjuvant! helps
patients understand their prognosis.

Conclusion

RPM have found a place in daily practice, especially Adjuvant!. Oncologists think that
using Adjuvant! helps patients understand their prognosis, yet studies suggest that
this is not always the case. Our findings highlight the importance of exploring whether
patients understand the information that RPM provide.
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Introduction

Deciding about adjuvant systemic therapy for breast cancer can be a difficult balancing
act between potential survival gains and side-effects. Many risk prediction models (RPM)
have been developed to primarily aid oncologists’ decision-making about adjuvant
systemic treatment (1). RPM seem to meet a need and appear to have been widely
adopted in clinical practice. For example, the Dutch breast cancer adjuvant systemic
treatment guidelines are largely based on Adjuvant! survival and treatment benefit esti-
mates (2). The American National Comprehensive Cancer Network (NCCN) guidelines
have incorporated Oncotype Dx in their adjuvant systemic treatment decision-making
algorithm (2,3). The British National Institute for Health and Clinical Excellence (NICE)
has incorporated the Nottingham Prognostic Index in their decision algorithm and both
NICE and NCCN endorse the use of Adjuvant! to support estimations of individual
prognosis and absolute benefit of adjuvant treatment (4,3).

A 2005 questionnaire amongst American medical oncologists found that 80% had
ever used Oncotype Dx, and that 78% used Adjuvant! (5). A small questionnaire study
amongst 25 British medical oncologists from 13 oncology centers found that 96% of
the participants used Adjuvant! to calculate mortality estimates and 36% also used it to
calculate relapse probabilities. Most participants (=84 %) were confident that Adjuvant!
estimates are accurate (6).

Most RPM offer graphical representations of prognostic information, and this increases
their appeal for use in the consultation to convey prognostic information to patients.
The UK-based questionnaire found that 92% of participants regularly discussed the
survival probabilities and treatment benefit estimates from Adjuvant! with their patients,
and a quarter also said they provided patients with the printout from Adjuvant! (6).
Not much is known about such use of RPM during the consultation (i.e., frequency
and reason for use) and similarly, little is known about how well patients understand
prognostic information from RPM. The information these models provide is complex
and could cause confusion if risk communication is not done properly, and increase
patients’ anxiety. Patients tend to have problems understanding probabilities, in part
due to limited understanding of health statistics (7,8). Two small studies (<30 patients)
assessing patients’ understanding of prognostic information before and after receiv-
ing results from Adjuvant! reported that 43% - 65% were not able to accurately recall
recurrence-free (RFS) and/or overall survival (OS) immediately after the consultation
with their medical oncologist (9,10). In a few patients the use of Adjuvant! printouts led
to heightened confusion and decreased comprehension (10). Simplifying Adjuvant!’s
printout resulted in significantly more accurate recall (11), although at the cost of
information loss.
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A drawback of RPM is that the point estimates they provide reflect average outcome
probabilities derived from groups of similar patients (7). Adjuvant! provides survival
estimates as point estimates without the confidence interval surrounding the estimates.
Knowing the width of the confidence interval could help oncologists gauge how robust
Adjuvant!’s survival estimates are. Yet, it is unknown if oncologists are interested in this
type of information and if and how they would disclose the associated uncertainty to
their patients. Many patients have difficulties understanding uncertainty (7); and the
effect of and how best to share uncertainty with patients is unknown (12,13).

Given the lack of information on the use of RPM to communicate prognosis to patients,
and the pitfalls if not done appropriately, we assessed oncologists’ a) familiarity with
and use, b) reasons for use, for themselves and with patients, c) views on the (dis)
advantages of RPM, and d) wish for uncertainty estimates and views about commu-
nicating these to patients.
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Methods

Questionnaire development

Given the limited literature on this subject, we first conducted semi-structured interviews
(N=10) with surgical and medical oncologists. We aimed to conduct a minimum of 10
interviews, and during the analysis process we also observed that after 10 interviews
new categories, themes or explanations stopped emerging (data saturation). Subse-
quently, we held two online focus groups with a new group of surgical and medical
oncologists (8 active participants out of 20 who agreed to participate). Oncologists
attending the 2011 Dutch Medical Oncology congress and members of the Compre-
hensive Cancer Centre The Netherlands (IKNL) medical oncology and breast cancer
working parties were invited to participate via e-mail, if they wanted to participate
they indicated their preference for either an interview or focus group. IKNL has a
nationwide coverage, facilitating the recruitment of our target population throughout
The Netherlands.

The themes explored in the interviews were oncologists’ a) familiarity with and use,
b) reasons for use, both for themselves and with patients, c) views on the (dis)advan-
tages of RPM, and d) wish for uncertainty estimates and views about communicating
these to patients. We used the information obtained in the interviews to formulate
statements, which we posted on a website especially created for these online focus
groups. The online focus group participants were asked to post their views about the
statements during a four-week period. They were also able to respond to other par-
ticipants’ posts. Participants were not aware of each other’s identity. The data from
the interviews and online focus groups were independently coded by two researchers
using NVivo 9 software, and an open coding system. Discrepancies in coding were
resolved by consensus.

Next, we used the data from the interviews and online focus groups to develop an
online questionnaire. With the online questionnaire we explored all the themes (a-d)
described above (Appendix 1). We also assessed participants’ a) characteristics, and
b) general reluctance to disclose uncertainty (14). To limit participants’ time investment,
most questions were multiple choice; answering categories were based on the findings
of our qualitative analyses. Participants were also offered the option of providing open
answers.
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62 participants opened link to online
questionnaire

- N=7 did not answer any question

51 participants included ‘
- N=4 not target population

11 participants excluded

questionnaire

N=12

Completed questionnaire
N=39

Partially completed

Figure 1 Flowchart of participants

Recruitment of participants online questionnaire

The Comprehensive Cancer Centre The Netherlands sent out an invitation on our
behalf to the members of all regional medical oncology and breast cancer working
parties. Medical and surgical oncologists were eligible to participate in the current study.
Participants could anonymously complete the questionnaire online or on paper. Four
weeks after sending the initial invitation, a reminder was sent to the working parties.

Data analysis

For privacy reasons we could not access data on the size and composition of the work-
ing parties; and are unable to estimate the response rate. The proportion of surgical
and medical oncologists in our sample was similar to the distribution of the specialties
in a reference sample of IKNL-working parties across The Netherlands. Participants
who only partially completed the online questionnaire were included in the analyses if
they had answered at least the questions on the (dis)advantages of RPM in general.
Descriptive analyses were performed, as well as comparisons between groups, using
Chi Squared or Fisher’s Exact Tests for categorical variables and Student’s T-test for
continuous variables, all using SPSS 20.
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In the results we will focus on the RPM that the majority of oncologists use most
frequently, illustrate oncologists’ views on and how they use RPM in general. Further,
we will present quotes from the interviews and online focus groups to illustrate the
quantitative findings.
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Results

Fifty-one participants were included (Figure 1) and 77% of them completed all ques-
tions. There were no significant differences between the participants who had fully or
partly completed the questionnaire (Appendix Table 1). On average the participants
were 49 years old, 44% were female, and 82% worked in teaching hospitals (general
or university) (Table 1). We found no significant difference in socio-demographic and
work-related characteristics between surgeons and medical oncologists.

Familiarity with and use of RPM in clinical practice

The best-known RPM amongst oncologists were Adjuvant! (95%) and MammaPrint
(88%). About one-third were familiar with Oncotype Dx and 19% with the Nottingham
Prognostic Index. Overall, 71% of surgical oncologists reported to sometimes or
regularly use RPM, compared to 100% of medical oncologists (p= 0.004; Fisher’s exact
test) (Table 2). Of those who use RPM, medical (100%) and surgical (95%) oncologists
indicated that they most frequently use Adjuvant!. If MammaPrint was used, in most
cases it was to supplement Adjuvant!. For example, if the patient and/or the oncologist
were leaning towards foregoing chemotherapy, the MammaPrint results were decisive
in determining the probability that forgoing chemotherapy would negatively affect RFS.

We asked participants which estimates, 10-year OS or RFS, they most frequently
consulted a) before and b) during consultations with patients. Both surgical (63%) and
medical (71%) oncologists reported that they usually consulted both estimates before
the consultation. If only one was consulted, it most frequently was OS (21%). The
majority indicated that they preferred OS because the main aim of adjuvant systemic
treatment is to improve OS. There were also some concerns about the robustness of
the relapse estimates, as in Adjuvant! no distinction is made between loco-regional
and distant recurrences. One in three oncologists indicated that they habitually showed
patients only the OS estimates and about half reported to show patients both the OS
and RFS estimates. Oncologists indicated that Adjuvant! estimates are not too diffi-
cult to show to patients (Table 3). Some think that estimates from Adjuvant! should
always be disclosed to patients, except if the patient strongly objects to hearing this
information. Most medical (63%) and surgical (74%) oncologists indicated that one
should ask patients if they want to hear Adjuvant! estimates, and if so, provide them
with the estimates.
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Table 1 Participants’ characteristics (N=51)*

Surgeons Medical oncologists
N (%) N (%)
Average age in years (range) 50 (37-64) 48 (31-62)
Age unknown 8(32) 5(19)
Gender
Male 12 (71) 10 (48)
Experience with breast cancer care
f;'ears 5 (20) 10 (39)
6-10 9 (36) 9 (35)
-10 11 (44) 7 (27)
Number of consultations with
early-stage breast cancer patients
th
:;eg mon 1(4) 3(12)
6-10 7(7) 12 (46)
17 (68 11 (42
10 (68) 42)
Type of hospital
General teaching hospital 10 (59) 12 (55)
University medical center 4 (24) 6 (27)
General non-teaching hospital 3(18) 4 (18)
Total 25 (49) 26 (51)

* = Participants do not add up to 51 due to missing data; No significant differences between surgical and
medical oncologists, hence p-values not reported.

Of medical oncologists, 42% indicated that they ask patients if they want a printout
to take home, compared to 11% of surgical oncologists (p= 0,04); Fisher’s exact test).
Most surgical oncologists (61%) indicated that they do not actively offer a printout, but
provide it if asked. Moreover, many participants (63% of medical and 47% of surgical
oncologists) feel that oncologists should disclose Adjuvant! estimates to patients even
if they forecast a bleak outlook. As an oncologist said: “Before | disclose Adjuvant!’s
estimates | tell patients that the estimates could be quite hard to stomach and check
whether they still want to hear it.... if they still do, | discuss them”.
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Chapter 5

Table 2 Frequency of RPM use (in N (%))

Surgeons Medical oncologists p*
N=24* N=25*
Never 4(17) 0
Ever 3(13) 0
0.007
Sometimes 9(38) 7(28)
Regularly 8(33) 18(72)

*= Participants do not add up to 51 due to missing data; #= Comparison made using Fisher’s exact test

Reasons for using RPM for themselves or with patients

More than 90% of oncologists sometimes use Adjuvant! to prepare the consultation;
one in four medical oncologists always use Adjuvant! to prepare the consultation.
On