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Abstract

sion-making process.

The decision to pursue head and neck reirradiation after surgery is difficult given the morbidity of treatment

and lack of high-quality data. Patients are then faced with the difficult decision between a low chance of cure

or debilitating side effects; thus, incorporation of their values in this discussion is of paramount importance. By
using decision theory and the concept of expected utility, we have created an interactive web-based decision tree
in which oncologists can incorporate the best available clinical data, as well as patient values. This interactive
web-based decision tree is a practical and easy-to-access solution and can be a powerful tool in the shared deci-
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from reirradiation after salvage
Case Summary .

surgery, however, can be significant
Head and neck cancer is the eighth with approximately a 40% chance
leading cancer in men with a pre- of grade 3 or higher toxicity.* The
dicted 54,010 new cases and 10,850

deaths in 2021.! Local recurrences

patient then faces the difficult deci-
sion between a low chance of cure or
or persistent disease after primary debilitating side effects. Compound-
ing the difficulty, the data in this

area are very complex and confusing

treatment occur in 17% to 40% of

patients.?® Of these patients, those
who undergo salvage surgery only for clinicians, let alone patients, to
have a 21% to 47% chance of living make clear decisions. For instance, a
without disease or dying of other verbal summary of the data from the
causes, and many will be considered only randomized trial by Janot et al

for reirradiation.® The morbidity would be “if you chose reirradiation
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you would have approximately a
60% chance of locoregional control
with a 40% chance of significant side
effects and without reirradiation a
60% chance of locoregional failure
and 10% of chance of side effects.”
This is difficult for even experienced
physicians to understand, yet we ex-
pect our patients to choose treatment
with this information. How can we
present these choices in a clearer,
more scientific manner and incor-
porate each individual’s preferenc-
es? Decision theory is a scientific
discipline dedicated toward optimiz-
ing individual choices with multiple
outcomes in the face of uncertainty.’
To help overcome uncertainty, one
should use the option with great-

est expected desirability or value,
otherwise known as “expected utility.”
These expected utilities are then
placed into a decision tree, which is a
network governed by decision nodes
(patient choices) and chance nodes
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that contain conditional probabilities
(Figures 1 and 2).° The other relevant
portion of decision theory to oncolo-
gy is the incorporation of the patient’s
own desire and values when making
difficult decisions.” Only a patient can
determine their own risk tolerance
when balancing the chance of tumor
control vs the potential morbidity of
reirradiation. This paper presents an
interactive web-based decision tree
model (eDecision Tree in the Supple-
ment at https://www.headandneck

reirradiation.com) that incorporates
uncertainty regarding tumor control
and grade 3 or greater toxicity to help
patients choose between uncertain
payoffs and subjective risk aversions
(ie, tumor control vs quality of life).®
Decision trees are constructed
with 2 types of nodes. The square
nodes of the decision tree represent
decisions the patient can make,
which in this case is whether to pur-
sue reirradiation.® The circle nodes
represent the “states of nature” that
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TABLE 1. PATIENT-ASSIGNED VALUES FOR CASE 1

Control and Symptoms 90
Control and No Symptoms 100
No Control and Symptoms 0
No Control and No Symptoms 30

are of interest, namely control or no
control of the tumor after treat-
ment and the presence or absence
of grade 3 or higher toxicity. The
probabilities for tumor control (de-
fined as locoregional control) and
symptoms (defined here as > grade
3 toxicity) are adopted from the
only randomized trial on postopera-
tive head and neck re-irradiation by
Janot et al.* Probability of control

is 60% with treatment and 20%
without treatment, with 30% chance
of symptoms in the treatment
branch and 10% in the no treatment
branch. Conditional probabilities
are then constructed for each of

the 4 possibilities for each branch

based on the aforementioned
probabilities:

1. The probability of symptoms given
control P(Symptoms|Control)

2. The probability of no
symptoms given control
P(-Symptoms|Control)

3. The probability of symptoms given
no control P(Symptoms|-Control)

4. The probability of no symp-
toms given no control
P(-Symptoms|~Control)

The patient will then assign their
subjective values in the “Patient-
Assigned Values” portion of the
website for the 4 above condi-
tional properties.

Figure 1.
Decision tree
for case 1.
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Figure 2.
Decision tree
for case 2.
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Treatment Tree
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TABLE 2. PATIENT-ASSIGNED VALUES FOR CASE 2

Control and Symptoms 50
Control and No Symptoms 100
No Control and Symptoms 0
No Control and No Symptoms 50

We have set the default parame-
ters of “Control and No Symptoms”
to 100 and “No Control and Symp-
toms” to 0, as this reflects the natural
desire of most patients (these can be
adjusted as well by the patient and/
or oncologist). The patient will then
fill out their values for “Control and
Symptoms” and “No Control and No
Symptoms” based on their individual
risk tolerance. Once the values are
set, the decision tree will calculate
the expected values for the decision
nodes (treatment or no treatment) by
summing the product of all outcome
values times their probabilities
from right to left until we reach the
decision node. The website will then

highlight either the “Treat” or “No
Treat” branch to show which choice
should be preferred based on the
entered information.

Case 1l

A 65-year-old man with a history
of a stage III (cT3NOMO) supraglottic
squamous cell carcinoma completed
chemoradiation to a total dose of
70 Gy in 35 fractions with cisplatin.
The patient was found to have a local
recurrence 2 years later and under-
went a salvage laryngectomy where
final pathology showed a rpT1N1MO
tumor with a close margin, as well
as lymphovascular invasion. The
patient wished to be aggressive, thus

his preferences could be assigned
values as shown in Table 1.

Entering these values into the
decision tree, the expected utility
for treatment was greater (Figure
1). This patient went on to receive
postoperative reirradiation to a total
dose of 60 Gy in 30 fractions.

Case 2

A 46-year-old woman with a stage
IVA (cT2N2aMO0) left pyriform sinus
supraglottic squamous cell carcino-
ma completed chemoradiation with
cisplatin to a total dose of 70 Gy in 35
fractions. One year later, the patient
experienced an in-field nodal relapse
and underwent a salvage right modi-
fied radical neck dissection where she
was found to have 7 out of 12 lymph
nodes positive without evidence of
extranodal extension. Reviewing treat-
ment options with the patient, she was
willing to consider a good outcome if
there were minimal symptoms. Her
treatment preferences could be mod-
eled as shown in Table 2.
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The expected utility favors obser-
vation in this scenario (Figure 2).
This patient ultimately elected to
undergo observation.

Discussion

These examples show how decision
trees can aid our patients in making
difficult decisions regarding reirradia-
tion. The physician bears the respon-
sibility of entering in the probabilities
they feel best represent the choice
between local control and morbidity
from treatment. The probabilities can
be adjusted; it was the author’s prefer-
ence to use randomized control data,
but others may wish to use other data
and can change the probabilities from
their analysis of the literature. The
“Patient-Assigned Values,” however,
should come from the patient’s them-
selves and will vary per individual.
They can be entered and adjusted in
real time on any web browser. This is
a powerful and well-established way
of decision making. In fact, McNeil,

Utilization of Decision Theory and Decision Trees to Make Treatment Choices

Weicheselbaum, and Pauker pub-
lished an article in 1981 in the New En-
gland Journal of Medicine where they
used expected utility theory (EUT) to
discuss “decisions involving tradeoffs
between quantity and quality of life”
for patients with laryngeal cancer
deciding between radiation therapy
and surgery.’ Decision trees were also
used by Plante et al (1987) to model
various decisions that incorporated
radiation and morbidity in treatment
of pyriform sinus carcinoma.® These
papers were highly technical and dif-
ficult to use in real life. Now in the 215
century, using our web-based model,
a patient can easily put in their
preferences at any doctor’s visit for
practical use of the decision tree. This
powerful tool that was once hidden by
technical jargon can now be utilized
by all during a consultation.

The authors recognize the limita-
tions of EUT and the decision tree.
EUT requires the Von Neumann-
Morgenstern (VM) utility, which is
more restrictive than the ordinal

Figure 3. Probabilities based on twice daily radiation with

cetuximab (Tao et al'4).

— Treatment

P(Control) = |.40

P(Symptoms | Control) = | .40

P(Symptoms | =Control) = | .40

utility functions economists use for
consumer theory. Ordinal utility only
requires rank ordering of choices,
whereas VM utility uses cardinal util-
ity and relies on the patient knowing
their strength of preference, which
can be difficult. There is also vast
literature debating the merits of ex-
pected utility, with common criticism
related to loss aversion, ambiguity
aversion, and decision-making with
unawareness of all outcomes.”!! Wu

. Treatment Tree
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daily radiation
with cetuximab
(Tao et al*4).
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in his editorial “Strengths and Lim-
itations of Expected Utility Theory”
aptly cautions against abandoning
EUT, “finding a utility model that
includes the relevant psychological
considerations, is developed from
axioms that are reasonable guides
for choosing among the appropri-
ate medical alternatives, and can

be assimilated into clinical prac-
tice.”'? Furthermore, in the current
configuration, the decision tree only
addresses the scenario of reirradi-
ation after salvage surgery, but in
theory could be adjusted for other
scenarios (eg, reirradiation of recur-
rent tumor without surgery). Also,
in an area with only 1 randomized
trial and research mostly consisting
of retrospective data, the probability
estimates may be inaccurate. If one
wishes to use other smaller prospec-
tive studies, such as the Dutch study,
or incorporate data from studies
that combined systemic therapy,

or even SBRT reirradiation studies,
one is free to do so0.'*1> For example,
we could use data from the 2018,
phase II, European trial for reirra-
diation after salvage surgery that
randomized once-daily split-course
radiation therapy with concomitant
chemotherapy or twice daily (BID)
radiation therapy with cetuximab.*
The conclusion of the trial was favor-
able toward the BID cetuximab arm.
If we used this regimen, we could
simply change the numbers in the
“Treatment” box on the website with
the study’s data (Figure 3). Recom-
puting the decision for case 1 and
assuming the no control arm would
be the same, the expected utility for
no treatment would be higher in
this instance (Figure 4). Again, the
physician can change these numbers
easily on the website should newer
data become available.

Conclusion

There are areas in medicine where
data are not perfect and balancing
uncertainty and patient preferences
is paramount. Reirradiation after
surgery is one of those areas and we
must not forget to incorporate pa-
tient preferences when making these
difficult decisions. The decision
tree developed here is felt to be a
reasonable guide to help both physi-
cians and patients using all avail-
able background information. EUT
and decision trees incorporate the
oncologist’s knowledge of the data
with the preference of the patient
to help make the best personalized
decisions. This web-based decision
tree model is a practical and easy-to-
access solution that will be useful in
guiding those faced with the difficult
decision of postoperative reirradia-
tion in head and neck cancers.
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