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Abstract

IMPORTANCE Clinical practice regarding posttreatment radiologic surveillance for patients with
oropharyngeal carcinoma (OPC) is neither adapted to individual patient risk nor fully evidence
based.

OBJECTIVES To construct a microsimulation model for posttreatment OPC progression and use it to
optimize surveillance strategies while accounting for both tumor stage and human papillomavirus
(HPV) status.

DESIGN, SETTING, AND PARTICIPANTS In this decision analytical modeling study, a Markov model of
3-year posttreatment patient trajectories was created. The training data source was the American
College of Surgeon’s National Cancer Database from 2010 to 2015. The external validation data set
was the 2016 International Collaboration on Oropharyngeal Cancer Network for Staging (ICON-S)
study. Training data comprised 2159 patients with OPC treated with primary radiotherapy who had
known HPV status and disease staging information. Patients with American Joint Committee on
Cancer, 7th edition stage Ill to IVB disease and those with clinical metastases during the time of

primary treatment were included. Data were analyzed from August 1 to October 31, 2020.

MAIN OUTCOMES AND MEASURES Main outcomes included disease stage and HPV status, specific
disease transition probabilities, and latency of surveillance regimens, defined as time between

recurrence incidence and disease discovery.

RESULTS Training data consisted of 2159 total patients (1708 men [79.1%]; median age, 59.6 years
[range, 40-90 years]; 401 with stage Ill disease, 1415 with stage IVA disease, and 343 with stage IVB
disease). Cohorts predominantly had HPV-negative disease (1606 [74.4%]). With model-optimized
regimens, recurrent disease was discovered a mean of 0.6 months (95% Cl, 0.5-0.8 months) earlier
than with a standard surveillance regimen based on current clinical guidelines. Recurrent disease
was discovered using the optimized regimens without significant reduction in sensitivity. Compared
with strategies based on reimbursement guidelines, the model-optimized regimens found disease a
mean of 1.8 months (95% Cl, 1.3-2.3 months) earlier.

CONCLUSIONS AND RELEVANCE
Optimized, risk-stratified surveillance
regimens consistently outperformed
nonoptimized strategies. These gains
were obtained without requiring any
additional imaging studies. This
approach to risk-stratified surveillance
optimization is generalizable to a broad

range of tumor types and risk factors.
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Key Points
Question Can risk-stratified
posttreatment surveillance regimens for
oropharyngeal carcinoma based on a
decision analytical model outperform
strategies based on current clinical

practice?

Findings In this decision analytical
modeling study, strategies optimized for
tumor stage and human papillomavirus
status were associated with a lower
mean surveillance latency, defined as

time between onset of recurrence of
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oropharyngeal carcinoma and its radiologic discovery, compared with common clinical guidelines.
Compared with common medical reimbursement guidelines, model-optimized strategies were

associated with lower detection latency without requiring any additional imaging studies.

Meaning This study suggests that radiologic surveillance strategies optimized using patient and tumor
risk factors may result in earlier detection of recurrent oropharyngeal carcinoma compared with current

paradigms.

+ Supplemental content
Author affiliations and article information are listed at the end of this article.

Introduction

Recurrent head and neck cancer (HNC) is associated with poor outcomes, with most patients dying
within 1 year of recurrence.'2 Posttreatment radiologic surveillance is regularly used to monitor for
recurrent disease and initiate early treatment. Most follow-up strategies have not been shown to
improve patient survival.>* However, a posttreatment positron emission tomography (PET) scan can
accurately detect recurrent disease after definitive radiotherapy when obtained at least 3 months
after treatment.>® A randomized clinical trial has confirmed that negative, early PET scan results can
obviate the need for neck dissection among patients with advanced nodal disease’; thus, the use of
a single posttreatment PET scan is recommended in both clinical practice® and reimbursement

guidelines.®

Despite the lack of trial support,® computed tomography (CT) scans of the neck and chest are
also frequently used to monitor for recurrence of disease. Prior studies have demonstrated that
additional imaging can increase the rate of detection of recurrences, although no survival benefit
has been shown.'® Nonetheless, additional imaging surveillance is attractive because early
recurrences are more amenable to salvage therapy.!! Because HNC surveillance guidelines vary
significantly across institutions, there is a need for new, evidence-based tools to compare the
effectiveness of different strategies.

One potential solution lies in mathematical models of cancer recurrence.'? Such methods have
been widely used to optimize both oncologic!**4and nononcologic!>'¢ interventions. Among the
variety of approaches used by other groups, such as the nonlinear optimization techniques of Kent
et al,* one particularly attractive method is that of a Markov model. Markov models simulate the
progression of multiple predefined states over time.'” They can capture the specific incidence and
prognosis of local vs metastatic recurrence as well as false-positive and false-negative rates for
different imaging studies.'®2! Markov models have already been used to simulate cancer
recurrence.?>2 However, many models lack disease-specific risk stratification.

We focused on oropharyngeal carcinoma (OPC), a subset of HNC of increasing incidence.?®
Oropharyngeal carcinomas can be divided by 2 key risk factors: stage and tumor human
papillomavirus (HPV) status.3° These traits confer different rates of recurrence and patient survival.3!
Human papillomavirus—associated tumor pathogenesis is thought to be due to a distinct mechanism
of virally mediated mutagenesis. The demographic characteristics of patients with HPV-positive
disease are also markedly different than those of patients with HPV-negative disease, with the former

Development of Pretraining Markov Models
First, a disease progression model to simulate patient outcomes after cancer treatment was created

(Figure 1). All patients were assumed to begin in a state of no disease. The transition between no

disease and death was defined as death not related to tumor and was the same for the HPV-positive
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tending to be younger, of a higher
socioeconomic status, and with a less
significant smoking history.3? Patients
with  HPV-positive or earlier-stage
disease thus tend toward better
outcomes and may be best served by
different surveillance schedules.33

Our goal was to construct a
microsimulation model for OPC with
tumor stage and HPV status risk
stratification. We also sought to use
our model to explore risk-optimized
surveillance schedules for the first 3
years after treatment. We
hypothesized that these model-
designed regimens could outperform
strategies based on current clinical and

insurance guidelines.

Methods

This decision analytical modeling study
was reviewed and approved by the
University of Chicago institutional
review board. The American College of
Surgeon’s National Cancer Database
(NCDB) is a deidentified database in
which participants provided written
consent for inclusion. Data included in
the NCDB have been stripped of direct
identifiers to be compliant with the
Health Insurance Portability and
Accountability Act of 1996 as per 45
CFR § 164.514 (b); as such, individual
consent was not required. This study
was performed in accordance with the
Standards for Reporting of Diagnostic
Accuracy (STARD) reporting guideline
for prognostic studies.3* All analysis
was conducted from August 1 to
October 31, 2020.
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and HPV-negative cohorts.3> We included a functional state of detected recurrence, which refers to

recurrence detected using radiologic surveillance. Any patient with detected recurrence was
removed from the cohort. The training workflow and the data sets used at each step are shown in
eFigure 1 in the Supplement.

The pretraining transition probabilities were derived from the literature available via PubMed/
MEDLINE. Studies were found using Pubmed/MEDLINE searches with combinations of the terms
HPV, oropharyngeal carcinoma, local, distant, metastatic, recurrence, treatment failure, and disease
progression. Studies with the largest patient cohorts were selected. The search was conducted in
September 2020. We selected 4 studies with extractable transition probabilities and HPV-stratified
cohorts (Table 1).18-20.35

Among patients with head and neck carcinoma, most recurrences occurred within the first 2
years after treatment.36 The references used for our pretraining models further demonstrate that the
greatest risk is during the first year. Therefore, we divided the risk of recurrence into 3 periods: 1 year,
2 years, and 3 or more years after treatment. We enforced the risk of recurrence to either stay the
same or decrease over time. This assumption was supported by the trends in the literature as well as

clinical experience.

Statistical Analysis
Published Kaplan-Meier curves were digitized using the online software WebPlotDigitizer, version 4.3

(Ankit Rohatgi). We reconstructed the individual patient data using the algorithm described by Guyot
and colleagues.?” This method has previously been used in the development of Markov models from
time—to—end point data.’” The algorithm was implemented using the statistical software R, version
4.02 (R Group for Statistical Computing). We then extracted transition probabilities from the

reconstructed cohorts for both HPV-positive and HPV-negative cases.

Model Training

Our next step was to fit our HPV-adapted model to tumor stage. Training data were extracted from
the NCDB. Patients with oropharyngeal cancer treated with primary radiotherapy from 2010 to 2015
were included. Surgical treatment for patients was allowed in the setting of salvage therapy. Only
patients with HPV status and staging information were included (pathologic stage was used for

patients treated with surgical salvage). Only patients from academic or research programs or from

Figure 1. Markov Model Representation of Disease Progression
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Numbers adjacent to arrows correspond to sections in Table 1.
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integrated network cancer programs were included. Patients who received palliative care and those
with detectable posttreatment metastases were excluded.

Before training, we compared the NCDB data with our external validation data set: the
multicenter International Collaboration on Oropharyngeal Cancer Network for Staging (ICON-S)
study from 2016.31 Our comparison was made using a log-rank test, with a Bonferroni-corrected P
value of .02. Our goal was to evaluate whether differences between the trained cohorts and the
validation cohorts would be due to intrinsic differences between the data or to the model
training process.

Within each cohort, we assumed that mortality was not dependent on pretreatment stage.
Therefore, differences in cohort survival depended entirely on HPV status, whether the recurrence
was local or metastatic, and the number of patients who developed recurrent disease. This constraint
was due to the NCDB data being poorly annotated for recurrence timing but providing robust overall
survival data.

An algorithm of the training process is represented in eFigure 2 in the Supplement. In brief,
pretraining recurrence probabilities were iteratively modified by a range of multipliers. The multipliers
that generated a cohort with the most similar survival outcomes as the training data were selected.
The process was repeated until the training fold produced insignificant differences in the trained
probabilities. eTable 1 in the Supplement contains the posttraining recurrence probabilities. Trained
cohorts were subsequently compared with the NCDB cohorts using the log-rank test, with a
Bonferroni-corrected a = .02.

After training, the models were compared with the ICON-S validation data. The modeled cohort
size for this comparison was set at 10 000 patients (outcomes did not appreciably change with larger

cohorts). In total, 6 trained cohorts (HPV positive and HPV negative, divided by disease stages Ill,

Table 1. Transition Probabilities and the Studies Used to Fit the Base Markov Model®

Monthly transition probability

Disease state transition HPV positive, % HPV negative, %
1. No disease to distant
metastases?®
Year
0.3 0.8
0.3 0.6
0.2 0.1
2. Distant metastases to
death?
Year
10.2 19.4
8.1 11.8
5.6 11.8
3. No disease to
locoregional recurrence!®
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Year
0.2 2.7
0.1 1.6
0.1 0.8
4. Locoregional recurrence
to death®®
Year

2.8 6.5
1.8 4.6
1.8 4.4

5. No disease to death3®

Year

1 0.4 0.4

0.2 0.2
0.1 0.1

Abbreviation: HPV, human papillomavirus.
a

The numbers 1 to 5 correspond to the disease state transitions represented in Figure 1.
IVA, and IVB from the American Joint Committee on Cancer, 7th edition) were compared against an

analogous 6 cohorts from ICON-S. Significance was measured using the log-rank test, with
Bonferroni-corrected a = .02. The model was implemented in Python, version 3.7.6 (Python Software
Foundation). The Python packages used for the model are provided in eTable 4 in the Supplement.

Surveillance Optimization
The 6 models (HPV positive and HPV negative for disease stages Ill, IVA, and IVB) were each used to
produce 3-year disease trajectories for 2500 simulated patients. The choice of 2500 patients
empirically resulted in stable model outcomes, with larger cohorts not resulting in significant
differences in the optimal regimen. The times of recurrence were used as the input for optimization.
Each generated surveillance regimen included a PET scan at month 3, consistent with the National
Comprehensive Cancer Network (NCCN) version 1.2021 guidelines on oropharyngeal malignant
neoplasms.® A sequential grid search was performed including varying numbers of CT scans
(between 1 and 6 additional scans). Latency (defined as the time between the onset of a recurrence
and its discovery) was calculated for each surveillance regimen, and an optimal regimen that yielded
the lowest total latency was selected. Scans were assumed to have perfect sensitivity and specificity.
This assumption facilitated our optimization goal of clustering scans around time points of greater
recurrence density. The upper limit of 7 total scans was chosen because it correlates to 1 scan for
each NCCN-recommended clinical follow-up visit.

We compared our optimized regimens against a “standard” regimen designed by scheduling CT
scans using the NCCN guidelines. We evaluated regimens using 3 metrics: sensitivity, mean latency,
and number of false-positive results. We determined significant differences between the standard

regimen and the optimized regimen of PET plus 6 CT scans (chosen for its equal number of scans) using
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an unpaired t test (for latency) and z scores for population proportions (for sensitivity and number of
false-positive results). The a level was set at .008 after Bonferroni correction for 6 comparisons.

We also compared the model-informed regimens with a regimen designed using the eviCore
2.1 Clinical Guidelines for Oncology Imaging® and using the same metrics as the NCCN comparison.
The eviCore guidelines recommend a standard PET scan at month 3, then CT scans at month 6 and
then annually (ie, months 12, 24, and 36). We compared this reimbursement-based strategy to an
optimized regimen with the same number of scans (5 total).

These simulations used test characteristics for PET-CT scans, CT scans of the neck, and CT scans
of the chest taken from the literature.2:36:3842 pooled sensitivities and specificities are provided in
eFigure 3A and B in the Supplement. Computed tomography scans of the neck were able to detect
only a local recurrence, whereas CT scans of the chest were able to detect only metastatic disease;
PET-CT scans could detect both.

Results

Training Cohort Characteristics

The NCDB training data consisted of 2159 total patients (1708 men [79.1%]; median age, 59.6 years
[range, 40-90 years]; 401 patients with stage Ill disease, 1415 patients with stage IVA disease, and
343 patients with stage IVB disease). Cohorts predominantly had HPV-negative disease (1606
[74.4%]) (Table 2). The mean (SD) follow-up was 30.5 (21.5) months. A total of 16 009 of 17 763
patients (90.1%) with OPC within the NCDB database had overall survival information available. No

participants within our training cohorts were lost to follow-up (all have survival data available).

Model Training and Validation
In the pretraining comparison of the NCDB cohorts with the ICON-S validation cohorts, survival for all

disease stage—matched and HPV status—matched cohorts were statistically indistinguishable except
for the cohort with stage IVA HPV-positive OPC (eFigure 4 in the Supplement). The NCDB cohort with
stage IVA HPV-positive OPC demonstrated a significantly greater mortality than its ICON-S
counterpart.

Trained models were then compared with their analogous NCDB training counterparts (eFigure
5Ain the Supplement). There was no significant difference between any of the respective pairs
(stage Ill HPV-positive, stage Ill HPV-negative, stage IVA HPV-positive, stage IVA HPV-negative, stage
IVB HPV-positive, and stage IVB HPV-negative models). The comparison between the model and the
ICON-S validation data is represented in eFigure 5B in the Supplement. A breakdown of the
proportions of each type of recurrence can be seen in eFigure 6 in the Supplement. The external
validation showed no significant difference between the stage Ill HPV-positive, stage Il
HPV-negative, stage IVA HPV-negative, stage IVB HPV-positive, and stage IVB HPV-negative models
compared with their ICON-S counterparts. There were significant differences between the model and

the stage IVA HPV-positive cohort, consistent with the pretraining comparison.

Surveillance Optimization
For each cohort and number of scans, we selected the regimen that minimized mean latency. The

process of optimization is depicted in eFigure 7 in the Supplement. Across all cohorts, an increase in
the number of permitted scans was associated with decreased latency.

Table 3 contains the performance of our optimized regimens. Compared with the standard
regimen, optimized schedules of a PET scan plus 6 CT scans were associated with lower latencies

(mean improvement in 0.6 months [95% Cl, 0.5-0.8 months]). All differences were significant except
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for the cohort with stage 11l HPV-positive OPC. In all cases, these strategies yielded sensitivities

within 0.01 of each other (no statistically significant differences). When the

Table 2. Patient Summary Characteristics in the National Cancer Database Training Cohorts
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Patients, No. (%)

Abbreviation: HPV, human
papillomavirus.

Stage Il disease (n = 401) Stage Stage
IVA IVB
disease disease
(n = (n =
Characteristic 1415) 343)
Age, median 62 (40-90) 59 (40-90) 59 (40-90)
(range), y
Sex
Male 305 (76.1) 1131 (79.9) 272 (79.3)
Female 96 (23.9) 284 (20.1) 71(20.7)
HPV status
Positive 88 (21.9) 387 (27.3) 78 (22.7)
Negative 313 (78.1) 1028 (72.7) 265 (77.3)
Charlson
Comorbidity
Index
307 (76.6) 1171 (82.8) 268 (78.1)
67 (16.7) 180(12.7) 54 (15.7)
19(4.7) 41(2.9) 10(2.9)
8(2.0) 23(1.6) 11(3.2)
Grade
Low (lorll) 184 (45.9) 517 (36.5) 127 (37.0)
High (11l or 1V)128 (31.9) 405 (28.6) 92 (26.8)
Other 89 (22.2) 493 (34.8) 124 (36.2)
Chemotherapy
Received 292 (72.8) 1214 (85.8) 308 (89.8)
None 109 (27.2) 201 (14.2) 35(10.2)
Surgery
Received 97 (24.2) 326 (23.0) 33(9.6)
None 304 (75.8) 1089 (77.0) 310 (90.4)
Immunotherapy
Received 18 (4.5) 65 (4.6) 21 (6.1)
None 383 (95.5) 1350 (95.4) 322 (93.9)

Table 3. Performance Comparison of Optimized and Standard Regimens
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Total false-positive results
Regimen Months Sensitivity Latency, mo  Per 10000 patients

Stage Il HPV positive
seillance for Patients With Oropharyngeal Carcinoma

PET scan 3 0.10 15.0 1071
Plus 1 CT scan 3,19 0.26 12.3 2055
Plus 2 CT scans 3,13,28 0.41 10.6 2807
Plus 3 CT scans 3,12,21,30 0.52 9.1 3624
Plus 4 CT scans 3,8,13,21,30 0.55 8.1 4110
Plus 5 CT scans 3,8,13,18, 23,30 0.56 7.8 4755
Plus 6 CT scans 3,8,13,18,23,28,33 0.65 7.1 5214
Standard? 3,6,9,12,18,24,36 0.64 7.4 5224

Stage IVA HPV positive

PET scan 3 0.13 17.6 1014
Plus 1 CT scan 3,18 0.31 14.3 1816
Plus 2 CT scans 3,12,22 0.45 11.6 2549
Plus 3 CT scans 3,8,14,23 0.48 10.3 3201
Plus 4 CT scans 3,8, 14,20, 26 0.55 9.5 3754
Plus 5 CT scans 3,7,12,17, 22,27 0.61 8.3 4264
Plus 6 CT scans 3,7,11,15,19, 23,31 0.67 7.7° 4569
Standard? 3,6,9,12,18,24,36 0.67 8.45 4668

Stage IVB HPV positive

PET scan 3 0.15 19.2 733
Plus 1 CT scan 3,18 0.38 15.0 1321
Plus 2 CT scans 3,13,23 0.50 12.9 1732
Plus 3 CT scans 3,8,15,23 0.56 11.1 2236
Plus 4 CT scans 3,8,13,18,23 0.63 83 2621
Plus 5 CT scans 3,6,9,13,18,23 0.66 8.3 2977
Plus 6 CT scans 3,6,9,13,18, 23,30 0.71 7.9° 3306

Standard? 3,6,9,12,18, 24,36 0.71 8.4° 3252

Stage Il HPV negative

PET scan B3] 0.16 19.4 798
Plus 1 CT scan 3,18 0.39 15.2 1445
Plus 2 CT scans 3,13,23 0.53 12.6 1969
Plus 3 CT scans 3,8,15,23 0.61 10.3 2507
Plus 4 CT scans 3,8,13,18,23 0.67 8.8 2985
Plus 5 CT scans 3,6,10, 14,18, 23 0.69 7.8 3351
Plus 6 CT scans 3,6,9,12,15,19,23 0.72 7.00 3704
Standard? 3,6,9,12,18,24,36 0.72 8.1° 3713

Stage IVA HPV negative

PET scan 3 0.16 17.9 611
Plus 1 CT scan 3,19 0.37 14.4 1127
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Plus 2 CT scans 3,10, 23 0.48 12.0 1602 Abbreviations: CT, computed tomography; HPV, human
papillomavirus; PET, positron emission tomography.
Plus 3 CT scans 3,9,16,23 0.56 10.0 2091 a
Standard refers to a PET scan at month 3 and CT scans of
Plus 4 CT scans 3,8,13,18,23 0.61 8.5 2333 the neck or chest at months 6, 9, 12, 18, 24, and 36. Latency
Plus 5 CT scans 3,8, 13, 18, 23, 30 0.66 8.2 2705 for radiologically discovered disease is defined as latency =
month of radiologic disease discovery - month of
Plus 6 CT scans 3,6, 10, 14, 18, 23, 30 0.70 7.2 2973 recurrence onset, and latency for radiologically missed
disease is defined as latency = 36 - month of recurrence
Standard? 3,6,9, 12,18, 24, 36 0.69 7.90 2928
onset. b Denotes when there is a significant difference
Stage IVB HPV negative between latency of PET scan plus 6 CT scans and standard
regimens (unpaired t test; a = .008). There were no
significant differences in sensitivity or false-positive results
PET scan 3 0.23 19.1 368 between these regimens across all cohorts (z score for
Plus 1 CT scan 3,15 0.44 14.7 643 population proportions, o = .008).
Plus 2 CT scans 3,11, 22 0.58 11.9 922
Plus 3 CT scans 3,7,13,23 0.64 10.1 1108
Plus 4 CT scans 3,7,11,16,23 0.70 8.3 1342
Plus 5 CT scans 3,6,9,13,18,23 0.72 7.7 1533
Plus 6 CT scans 3,6,9, 12,16, 20, 24 0.75 6.9° 1738
Standard? 3,6,9, 12,18, 24, 36 0.75 7.6° 1708

reimbursement-based strategy is compared with optimized regimens, the optimized regimens were
associated with lower mean latencies across all cohorts (mean improvement in 1.8 months [95% ClI,
1.3-2.3 months]). These differences were significant. The reimbursement-based regimen had
superior sensitivities for the cohorts with stage Ill and IVA HPV-positive OPC, whereas the optimized
regimen sensitivities were significantly better for the cohorts with stage IVB HPV-positive, stage IlI
HPV-negative, and stage IVB HPV-negative OPC. Figure 2 shows the latency comparison between the

strategies, whereas eTable 2 in the Supplement shows the complete comparison.

Discussion

Our study sought to identify how posttreatment surveillance for OPC could be optimally scheduled
to discover clinically silent recurrent disease. First, we developed an analytical model to simulate the
complex interplay between HPV status, disease stage, local recurrence, distant recurrence, and
mortality. Our model produced statistically indistinguishable survival curves for all cohorts of the
ICON-S validation data set except for the cohort with stage IVA HPV-positive OPC. The high accuracy
of our model in simulating patient outcomes for an external cohort supports its use for simulating
patient-level recurrence data for optimal use of scans. The model results suggest that the optimal
time for a scan is dependent on tumor stage and HPV status as well as the total number of allotted
scans. This outcome is consistent with our expectations because both later stage of disease and
HPV-negative disease are associated with increased rates of recurrence. Because our model may
overestimate mortality in stage IVA HPV-positive disease, we also performed a sensitivity analysis
using a modified model with adjusted recurrence rates to fit the ICON-S data (eFigure 8 in the
Supplement). We found that the performance of our optimized regimen did not appreciably change
when using the model with improved survival fit (eTable 3 in the Supplement).

In the comparison between our optimized regimens and the reimbursement-based strategy,
our regimens produced lower sensitivities for the cohorts with stage Ill and IVA HPV-positive

disease. We attribute this difference to our model’s freedom to create schedules that terminate
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prior to the end of the allotted simulation window of 36 months. In cohorts with a greater
proportion of late recurrences, this model is associated with reduced regimen sensitivity.

Our study is similar to the work by Ng et al,2® who developed a Markov model for HNC that was
used for surveillance optimization. The same group found that imaging beyond 2 years after
treatment was low yield and high cost.** These results are consistent with our optimization, which

Figure 2. Comparison of Mean Latency Between Reimbursement-Based Schedule (RBS) and Model-Optimized Strategies

Latency
0.7
Stage Il [ 3 9.2
HPV + Optlmlzed 3 36| 8.3 0.6
Stage NA[ 3 36| 10.9
HPV + L optimized 3 B 36| 9.4 0.5
Stage IVB[ 3 36| 11.4 o
HPV + L Optimized 3 36| 9.2 :
Stage Ill [ 3] 36| 11.4 03
HPV =L optimized 3 36| 8.9
stage IVA[ 3 36| 10.6 0.2
HPV - L Optimized 3 36| 8.8
0.1
Stage IVB[ 8 36| 105
HPV - L optimized § 3 36| 8.7 o
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Months

The numbers on the chart refer to the scheduled month of surveillance for that regimen.  latency corresponds to the data within eTable 2 in theSupplement. HPV - indicates
The darker shades of color reflect greater mean latencies. Regimen latency was human papillomavirus negative; HPV +, human papillomavirus positive.

normalized using the log (1 + z score - [minimum z score of all latencies]). In-practice,

tended to cluster imaging studies closer to the first 2 years of follow-up. Ng et al*3raised questions

about whether earlier detection based solely on imaging would translate into improved survival.
They also noted that the ability to stratify surveillance by stage and HPV status, as our model does,
could increase the value of early disease detection.

Our findings suggest that clinicians can tailor their posttreatment surveillance regimens based
on patients’ disease characteristics. A 1-size-fits-all approach does not reflect the heterogenous
natural history of OPC. This study also raises questions about the utility of aggressive surveillance,
even in the context of a disease with high mortality. Studies by Imbimbo et al*and Kim et al*® have
found that more recurrent diseases are discovered with radiologic surveillance than with current
strategies, and this finding did not translate into improved survival. Furthermore, the work by
Gharzai et al**addressing patient attitudes toward OPC cancer surveillance found that uniformly
applied surveillance guidelines lead to an undue burden on patients with low-stage, HPV-positive
disease. In their survey study, the majority of such patients preferred a less intensive surveillance
strategy with fewer in-person visits. The burden of surveillance came in the form of driving distance,
nonmedical costs, and time off work. Our model, which allows for less intensive surveillance
strategies, offers a starting point for the development of risk-stratified surveillance schedules that
could alleviate some of these challenges.

Another challenge of frequent surveillance is increased false-positive results, which are
associated with unnecessary biopsies, emotional burden, and undue costs. Because most previous
studies did not stratify their surveillance regimens based on tumor characteristics, as does our model,
the effectiveness of our model-generated regimens is still unknown. Overall, clinicians should remain
simultaneously aware of both the patterns of OPC recurrence and the morbidity associated with

testing errors without providing gains in mortality.
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Limitations
Our work has several limitations. First, while the studies used to build our pretraining models were

stratified by HPV status, they often did not control for several factors that have known associations
with survival and recurrence, such as age, tobacco and alcohol use, and specific tumor and nodal
stage (as opposed to overall disease stage). As such, it is possible that the designation of
HPV-positive vs HPV-negative cohorts contains risk-related information beyond HPV status.

Another limitation is that our training cohorts consisted of a majority of HPV-negative patients,
whereas HPV-related cancers have significantly increased in prevalence. As such, the generalizability
of the findings may be limited.

Our model also assumes that the differences in survival between the different stages of disease
are associated entirely with the rate of recurrence and, as a corollary, treats all recurrent diseases of
a given HPV status, once they have recurred, the same. This assumption does not coincide perfectly
with tumor biology but was necessary for stage stratification. Finally, our model assumes perfect
patient adherence to follow-up, whereas in 1 study, as many as 20% of patients with HNC were not
very adherent to follow-up visits.*> Prospective, practice-based clinical studies are essential in
determining whether our individualized approach to surveillance in fact produces improved

outcomes.

Conclusions

Our study has demonstrated how optimal surveillance regimens for OPC can differ based on tumor
stage and HPV status. It also demonstrates that the incorporation of additional posttreatment
imaging was associated with diminishing returns. These simulations are a valuable tool in developing
more standardized guidelines on posttreatment surveillance. Future efforts in determining the cost-
effectiveness of optimized surveillance regimens are a natural extension of our work. Furthermore,
the techniques used in this study are not limited to OPC but rather can be generalized to other
cancer types and risk factors in the hope of generating more effective, patientpersonalized

surveillance.

JAMA Network Open. 2022;5(4):e227240. doi:10.1001/jamanetworkopen.2022.7240 April 16, 202212/16

&

Downloaded From: https://jamanetwork.com/ on 05/09/2022



JAMANetworkOpen | Oncology Decision Analytical Model for Posttreatment Surveillance for Patients With Oropharyngeal Carcinoma

ARTICLE INFORMATION
Accepted for Publication: February 24, 2022.

Published: April 13, 2022. doi:10.1001/jamanetworkopen.2022.7240

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Nair V et al.
JAMA Network Open.

Corresponding Authors: Alexander T. Pearson, MD, PhD, 5841 S Maryland Ave, MC 2115, Chicago, IL 60637
(apearson5@medicine.bsd.uchicago.edu); M. Reza Skandari, PhD, Exhibition Road, South Kensington, London,
United Kingdom (r.skandari@imperial.ac.uk).

Author Affiliations: University of Chicago Pritzker School of Medicine, Chicago, Illinois (Nair); Department of
Surgery, University of Chicago, Chicago, Illinois (Auger, Agrawal); Department of Medicine, Section of
Hematology/ Oncology, University of Chicago, Chicago, lllinois (Kochanny, Howard, Izumchenko, Rosenberg,
Vokes, Pearson); Department of Radiology, University of Chicago, Chicago, lllinois (Ginat, Pasternak-Wise);
Department of Radiation and Cellular Oncology, University of Chicago, Chicago, Illinois (Juloori, Koshy); Centre for
Health Economics and Policy Innovation, Imperial College Business School, Imperial College London, London,
United Kingdom (Skandari).

Author Contributions: Dr Pearson had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. Drs Skandari and Pearson contributed equally to
the work.

Concept and design: Nair, Howard, Koshy, Agrawal, Rosenberg, Vokes, Skandari, Pearson.

Acquisition, analysis, or interpretation of data: Nair, Auger, Kochanny, Ginat, Pasternak-Wise, Juloori,

Izumchenko, Pearson.

Drafting of the manuscript: Nair, Auger, Koshy, Pearson.

Critical revision of the manuscript for important intellectual content: All authors.
Statistical analysis: Nair, Auger, Skandari, Pearson.

Obtained funding: Pearson.

Administrative, technical, or material support: Auger, Kochanny, Howard, Koshy, lzumchenko, Agrawal,

Vokes, Pearson.
Supervision: Juloori, lzumchenko, Skandari, Pearson.

Conflict of Interest Disclosures: Dr Howard reported receiving grants from the National Cancer Institute (NCI)
outside the submitted work. Dr Vokes reported receiving personal fees from AbbVie, AstraZeneca, Beigene,
BioNTech, Eli Lilly, EMD Serono, Genentech/Roche, GlaxoSmithKline, Merck, and Novartis outside the submitted
work. Dr Pearson reported receiving grants from the American Cancer Society, the National Institutes of Health
(NIH)/NCI, the NIH/National Institute of Dental and Craniofacial Research (NIDCR), and the Stand Up to Cancer—
Fanconi Anemia Research Fund—Farrah Fawcett Foundation Head and Neck Cancer Research Team during the
conduct of the study as well as grants from AbbVie and Kura Oncology and personal fees from Prelude
Therapeutics, Elevar, and Ayala outside the submitted work. No other disclosures were reported.

Funding/Support: This project was supported by an Institutional Research Grant (IRG-19-136-59) from the
American Cancer Society and the Burroughs Wellcome Fund Early Scientific Training to Prepare for Research
Excellence Post-Graduation (BEST-PREP). Dr Pearson is supported by grant U01-CA243075 from the NIH/NCI,
grant R56-DE030958 from the NIH/NIDCR, and grants from the Stand Up to Cancer—Fanconi Anemia Research
Fund—Farrah Fawcett Foundation Head and Neck Cancer Research Team.

Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and

decision to submit the manuscript for publication.

Meeting Presentation: This study was presented at the Annual Meeting of the American Society for Clinical
Oncology; June 4, 2021; virtual.

REFERENCES

1. Guidi A, Codeca C, Ferrari D. Chemotherapy and immunotherapy for recurrent and metastatic head and
neckcancer: a systematic review. Med Oncol. 2018;35(3):37. doi:10.1007/s12032-018-1096-5

2. Ledn X, Hitt R, Constenla M, et al. A retrospective analysis of the outcome of patients with recurrent

and/ormetastatic squamous cell carcinoma of the head and neck refractory to a platinum-based
chemotherapy. Clin Oncol (R Coll Radiol). 2005;17(6):418-424. doi:10.1016/j.clon.2005.02.014

[5 JAMA Network Open. 2022;5(4):e227240. doi:10.1001/jamanetworkopen.2022.7240 13/16

Downloaded From: https://jamanetwork.com/ on 05/09/2022


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.7240&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.7240
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.7240
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.7240
https://dx.doi.org/10.1007/s12032-018-1096-5
https://dx.doi.org/10.1016/j.clon.2005.02.014

JAMANetworkOpen | Oncology Decision Analytical Model for Posttreatment Surveillance for Patients With Oropharyngeal Carcinoma

Cooney TR, Poulsen MG. Is routine follow-up useful after combined-modality therapy for advanced head
andneck cancer? Arch Otolaryngol Head Neck Surg. 1999;125(4):379-382. doi:10.1001/archotol.125.4.379

April 13, 2022

Imbimbo M, Alfieri S, Botta L, et al. Surveillance of patients with head and neck cancer with an intensive
clinicaland radiologic follow-up. Otolaryngol Head Neck Surg. 2019;161(4):635-642.
doi:10.1177/0194599819860808

Cheung PKF, Chin RY, Eslick GD. Detecting residual/recurrent head neck squamous cell carcinomas using PET
orPET/CT: systematic review and meta-analysis. Otolaryngol Head Neck Surg. 2016;154(3):421-432.
doi:10.1177/

0194599815621742

6.

10.

11.

12.

13.

14.

15.

16.

Heineman TE, Kuan EC, St John MA. When should surveillance imaging be performed after treatment for
headand neck cancer? Laryngoscope. 2017;127(3):533-534. doi:10.1002/lary.26268

Mehanna H, Wong WL, McConkey CC, et al; PET-NECK Trial Management Group. PET-CT surveillance
versusneck dissection in advanced head and neck cancer. N Engl J Med. 2016;374(15):1444-1454.
doi:10.1056/ NEJMo0al1514493

National Comprehensive Cancer Network. NCCN Guidelines. Head and neck cancers: version 1.2021.
Publishedonline November 9, 2020. Accessed September 1, 2021.
https://www.nccn.org/professionals/physician_gls

eviCore healthcare. Clinical guidelines: oncology imaging policy (version 2.1). October 1, 2020.
AccessedFebruary 6, 2021. https://www.evicore.com/-/media/files/evicore/clinical-
guidelines/solution/cardiology-andradiology/2020/evicore_oncology_final_v21_eff100120_pub100120.pdf
Ho AS, Tsao GJ, Chen FW, et al. Impact of positron emission tomography/computed tomography
surveillanceat 12 and 24 months for detecting head and neck cancer recurrence. Cancer. 2013;119(7):1349-
1356. doi:10. 1002/cncr.27892

Cohen EEW, LaMonte SJ, Erb NL, et al. American Cancer Society Head and Neck Cancer Survivorship
CareGuideline. CA Cancer J Clin. 2016;66(3):203-239. doi:10.3322/caac.21343

Silva-lllanes N, Espinoza M. Critical analysis of Markov models used for the economic evaluation of
colorectalcancer screening: a systematic review. Value Health. 2018;21(7):858-873.
doi:10.1016/j.jval.2017.11.010

Kent DL, Shachter R, Sox HC Jr, et al. Efficient scheduling of cystoscopies in monitoring for recurrent
bladdercancer. Med Decis Making. 1989;9(1):26-37. doi:10.1177/0272989X8900900105

Kent DL, Nease RA, Sox HC Jr, Shortliffe LD, Shachter R. Evaluation of nonlinear optimization for scheduling
offollow-up cystoscopies to detect recurrent bladder cancer: the Bladder Cancer Follow-up Group. Med Decis
Making. 1991;11(4):240-248. doi:10.1177/0272989X9101100402

Fihn SD, McDonell MB, Vermes D, et al; National Consortium of Anticoagulation Clinics. A
computerizedintervention to improve timing of outpatient follow-up: a multicenter randomized trial in
patients treated with warfarin. J Gen Intern Med. 1994;9(3):131-139. doi:10.1007/BF02600026

Kent DL, Vermes D, McDonell M, Henikoff J, Fihn SD; Warfarin Optimal Outpatient Follow-up Study Group.
Amodel for planning optimal follow-up for outpatients on warfarin anticoagulation. Med Decis Making.
1992;12

(2):132-141. doi:10.1177/0272989X9201200206

17.

18.

19.

Diaby V, Adunlin G, Montero AJ. Survival modeling for the estimation of transition probabilities in model-
basedeconomic evaluations in the absence of individual patient data: a tutorial. Pharmacoeconomics.
2014;32(2): 101-108. doi:10.1007/s40273-013-0123-9

Lau HY, Brar S, Klimowicz AC, et al. Prognostic significance of p16 in locally advanced squamous cell
carcinomaof the head and neck treated with concurrent cisplatin and radiotherapy. Head Neck.
2011;33(2):251-256. doi:10. 1002/hed.21439

Grgnhgj C, Jakobsen KK, Jensen DH, et al. Pattern of and survival following loco-regional and

distantrecurrence in patients with HPV+ and HPV- oropharyngeal squamous cell carcinoma: a population-
based study. Oral Oncol. 2018;83:127-133. doi:10.1016/j.oraloncology.2018.06.012

[5 JAMA Network Open. 2022;5(4):227240. doi:10.1001/jamanetworkopen.2022.7240 April 16, 2022

Downloaded From: https://jamanetwork.com/ on 05/09/2022

14/16


https://jama.jamanetwork.com/article.aspx?doi=10.1001/archotol.125.4.379&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.7240
https://dx.doi.org/10.1177/0194599819860808
https://dx.doi.org/10.1177/0194599815621742
https://dx.doi.org/10.1177/0194599815621742
https://dx.doi.org/10.1002/lary.26268
https://dx.doi.org/10.1056/NEJMoa1514493
https://dx.doi.org/10.1056/NEJMoa1514493
https://www.nccn.org/professionals/physician_gls
https://www.evicore.com/-/media/files/evicore/clinical-guidelines/solution/cardiology-and-radiology/2020/evicore_oncology_final_v21_eff100120_pub100120.pdf
https://www.evicore.com/-/media/files/evicore/clinical-guidelines/solution/cardiology-and-radiology/2020/evicore_oncology_final_v21_eff100120_pub100120.pdf
https://www.evicore.com/-/media/files/evicore/clinical-guidelines/solution/cardiology-and-radiology/2020/evicore_oncology_final_v21_eff100120_pub100120.pdf
https://dx.doi.org/10.1002/cncr.27892
https://dx.doi.org/10.1002/cncr.27892
https://dx.doi.org/10.3322/caac.21343
https://dx.doi.org/10.1016/j.jval.2017.11.010
https://dx.doi.org/10.1177/0272989X8900900105
https://dx.doi.org/10.1177/0272989X9101100402
https://dx.doi.org/10.1007/BF02600026
https://dx.doi.org/10.1177/0272989X9201200206
https://dx.doi.org/10.1007/s40273-013-0123-9
https://dx.doi.org/10.1002/hed.21439
https://dx.doi.org/10.1002/hed.21439
https://dx.doi.org/10.1016/j.oraloncology.2018.06.012

JAMANetworkOpen | Oncology Decision Analytical Model for Posttreatment Surveillance for Patients With Oropharyngeal Carcinoma

20.

21.

22,

Huang SH, Perez-Ordonez B, Weinreb |, et al. Natural course of distant metastases following radiotherapy
orchemoradiotherapy in HPV-related oropharyngeal cancer. Oral Oncol. 2013;49(1):79-85. doi:10.1016/j.
oraloncology.2012.07.015

Kostakoglu L, Fardanesh R, Posner M, et al. Early detection of recurrent disease by FDG-PET/CT leads
tomanagement changes in patients with squamous cell cancer of the head and neck. Oncologist. 2013;18(10):
1108-1117. doi:10.1634/theoncologist.2013-0068

Amoros R, King R, Toyoda H, Kumada T, Johnson PJ, Bird TG. A continuous-time hidden Markov model
forcancer surveillance using serum biomarkers with application to hepatocellular carcinoma. Metron.
2019;77

(2):67-86. doi:10.1007/s40300-019-00151-8

23,

24.

25.

26.

27.

28.

Newton PK, Mason J, Bethel K, Bazhenova LA, Nieva J, Kuhn P. A stochastic Markov chain model to
describelung cancer growth and metastasis. PLoS One. 2012;7(4):e34637. doi:10.1371/journal.pone.0034637

Dancourt V, Quantin C, Abrahamowicz M, Binquet C, Alioum A, Faivre J. Modeling recurrence in
colorectalcancer. J Clin Epidemiol. 2004;57(3):243-251. doi:10.1016/j.jclinepi.2003.07.012

Fujii T, Mason J, Chen A, et al. Prediction of bone metastasis in inflammatory breast cancer using a
Markovchain model. Oncologist. 2019;24(10):1322-1330. doi:10.1634/theoncologist.2018-0713

Eleuteri A, Taktak AFG, Coupland SE, Heimann H, Kalirai H, Damato B. Prognostication of metastatic death
inuveal melanoma patients: a Markov multi-state model. Comput Biol Med. 2018;102:151-156. doi:10.1016/].
compbiomed.2018.09.024

Meregaglia M, Cairns J, Licitra L, Bossi P. The use of intensive radiological assessments in routine
surveillanceafter treatment for head and neck cancer: an economic evaluation. Eur J Cancer. 2018;93:89-98.
doi:10.1016/j. ejca.2018.01.082

Ng SP, Ajayi T, Schaefer AJ, et al. Surveillance imaging for patients with head and neck cancer treated

withdefinitive radiotherapy: a partially observed Markov decision process model. Cancer. 2020;126(4):749-
756. doi:

10.1002/cncr.32597

29.

Ramqvist T, Griin N, Dalianis T. Human papillomavirus and tonsillar and base of tongue cancer. Viruses.
2015;7

(3):1332-1343. doi:10.3390/v7031332

30.

31.

32,

Husain ZA, Chen T, Corso CD, et al. A comparison of prognostic ability of staging systems for
humanpapillomavirus—related oropharyngeal squamous cell carcinoma. JAMA Oncol. 2017;3(3):358-365.
doi:10.1001/ jamaoncol.2016.4581

O’Sullivan B, Huang SH, Su J, et al. Development and validation of a staging system for HPV-
relatedoropharyngeal cancer by the International Collaboration on Oropharyngeal Cancer Network for
Staging (ICON-S): a multicentre cohort study. Lancet Oncol. 2016;17(4):440-451. doi:10.1016/51470-
2045(15)00560-4

Economopoulou P, Kotsantis |, Psyrri A. Special issue about head and neck cancers: HPV positive cancers. Int J

Mol Sci. 2020;21(9):E3388. doi:10.3390/ijms21093388

33,

34,

35.

36.

37.

38.

You EL, Henry M, Zeitouni AG. Human papillomavirus—associated oropharyngeal cancer: review of
currentevidence and management. Curr Oncol. 2019;26(2):119-123. doi:10.3747/c0.26.4819

Bossuyt PM, Reitsma JB, Bruns DE, et al; STARD Group. STARD 2015: an updated list of essential items
forreporting diagnostic accuracy studies. BMJ. 2015;351:h5527. doi:10.1136/bmj.h5527

Cohen EEW, Karrison TG, Kocherginsky M, et al. Phase Ill randomized trial of induction chemotherapy
inpatients with N2 or N3 locally advanced head and neck cancer. J Clin Oncol. 2014;32(25):2735-2743.
doi:10.1200/ JCO.2013.54.6309

Kim JW, Roh JL, Kim JS, et al. (18)F-FDG PET/CT surveillance at 3-6 and 12 months for detection of
recurrenceand second primary cancer in patients with head and neck squamous cell carcinoma. Br J Cancer.
2013;109(12): 2973-2979. doi:10.1038/bjc.2013.668

Guyot P, Ades AE, Ouwens MJ, Welton NJ. Enhanced secondary analysis of survival data: reconstructing
thedata from published Kaplan-Meier survival curves. BMC Med Res Methodol. 2012;12:9. doi:10.1186/1471-
2288-12-9

Kao J, Vu HL, Genden EM, et al. The diagnostic and prognostic utility of positron emission
tomography/computed tomography—based follow-up after radiotherapy for head and neck cancer. Cancer.
2009;115(19): 4586-4594. doi:10.1002/cncr.24493

[5 JAMA Network Open. 2022;5(4):227240. doi:10.1001/jamanetworkopen.2022.7240 April 16, 2022

Downloaded From: https://jamanetwork.com/ on 05/09/2022

15/16


https://dx.doi.org/10.1016/j.oraloncology.2012.07.015
https://dx.doi.org/10.1016/j.oraloncology.2012.07.015
https://dx.doi.org/10.1016/j.oraloncology.2012.07.015
https://dx.doi.org/10.1634/theoncologist.2013-0068
https://dx.doi.org/10.1007/s40300-019-00151-8
https://dx.doi.org/10.1371/journal.pone.0034637
https://dx.doi.org/10.1016/j.jclinepi.2003.07.012
https://dx.doi.org/10.1634/theoncologist.2018-0713
https://dx.doi.org/10.1016/j.compbiomed.2018.09.024
https://dx.doi.org/10.1016/j.compbiomed.2018.09.024
https://dx.doi.org/10.1016/j.compbiomed.2018.09.024
https://dx.doi.org/10.1016/j.ejca.2018.01.082
https://dx.doi.org/10.1016/j.ejca.2018.01.082
https://dx.doi.org/10.1002/cncr.32597
https://dx.doi.org/10.3390/v7031332
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2016.4581&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.7240
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2016.4581&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.7240
https://dx.doi.org/10.1016/S1470-2045(15)00560-4
https://dx.doi.org/10.1016/S1470-2045(15)00560-4
https://dx.doi.org/10.3390/ijms21093388
https://dx.doi.org/10.3747/co.26.4819
https://dx.doi.org/10.1136/bmj.h5527
https://dx.doi.org/10.1200/JCO.2013.54.6309
https://dx.doi.org/10.1200/JCO.2013.54.6309
https://dx.doi.org/10.1038/bjc.2013.668
https://dx.doi.org/10.1186/1471-2288-12-9
https://dx.doi.org/10.1186/1471-2288-12-9
https://dx.doi.org/10.1002/cncr.24493

JAMANetworkOpen | Oncology Decision Analytical Model for Posttreatment Surveillance for Patients With Oropharyngeal Carcinoma

39. Kim R, Ock CY, Keam B, et al. Predictive and prognostic value of PET/CT imaging post-chemoradiotherapy
andclinical decision-making consequences in locally advanced head & neck squamous cell carcinoma: a
retrospective study. BMC Cancer. 2016;16:116. doi:10.1186/s12885-016-2147-y

40. Abgral R, Querellou S, Potard G, et al. Does 18F-FDG PET/CT improve the detection of
posttreatmentrecurrence of head and neck squamous cell carcinoma in patients negative for disease on
clinical follow-up? J Nucl Med. 2009;50(1):24-29. doi:10.2967/jnumed.108.055806

41. Vandecaveye V, Dirix P, De Keyzer F, et al. Diffusion-weighted magnetic resonance imaging early
afterchemoradiotherapy to monitor treatment response in head-and-neck squamous cell carcinoma. Int J
Radiat Oncol Biol Phys. 2012;82(3):1098-1107. doi:10.1016/j.ijrobp.2011.02.044

42. Senft A, Hoekstra OS, Witte BI, Leemans CR, de Bree R. Screening for distant metastases in head and
neckcancer patients using FDG-PET and chest CT: validation of an algorithm. Eur Arch Otorhinolaryngol.
2016;273(9): 2643-2650. doi:10.1007/s00405-015-3773-8

43. Ng SP, Pollard Clll, Berends J, et al. Usefulness of surveillance imaging in patients with head and neck
cancerwho are treated with definitive radiotherapy. Cancer. 2019;125(11):1823-1829.
doi:10.1002/cncr.31983

44, Gharzai LA, Burger N, Li P, et al. Patient burden with current surveillance paradigm and factors associated
withinterest in altered surveillance for early stage HPV-related oropharyngeal cancer. Oncologist. 2021;26(8):
676-684. doi:10.1002/0nco0.13784

45, Kissun D, Magennis P, Lowe D, Brown JS, Vaughan ED, Rogers SN. Timing and presentation of recurrent
oraland oropharyngeal squamous cell carcinoma and awareness in the outpatient clinic. BrJ Oral Maxillofac
Surg. 2006;44(5):371-376. doi:10.1016/j.bjoms.2005.08.010

SUPPLEMENT.

eTable 1. Posttraining Transition Probabilities Stratified by Stage and HPV Status eTable 2.

Performance of Reimbursement-Based Schedule (RBS) vs Optimized Regimens eTable 3.

Modified Stage IVA HPV-Positive Cohort Performance eTable 4. Python Packages Used in Model

Development eFigure 1. Flowchart of Model Training eFigure 2. Recurrence Model Training

Algorithm eFigure 3A. Test Characteristics of PET-CT Scan for Recurrent Head and Neck Disease

eFigure 3B. Test Characteristics of CT Scan for Recurrent Head and Neck Disease eFigure 4.

Comparison Between Training Cohort (NCDB) and External Validation Cohort (ICON-S) eFigure 5.
Cohort-Specific Comparison of Overall Survival

eFigure 6. Disease-Free Survival Stratified by Stage and HPV Status and Disease State (Locoregional and Distant
Metastasis)

eFigure 7. Model-Based Recommendations Adapt to Minimize Latency Based on Overall Number of Scans eFigure
8. Modified Stage IVA HPV-Positive Cohort Compared With ICON-S Counterpart

[5 JAMA Network Open. 2022;5(4):227240. doi:10.1001/jamanetworkopen.2022.7240 April 16,2022 16/16

Downloaded From: https://jamanetwork.com/ on 05/09/2022


https://dx.doi.org/10.1186/s12885-016-2147-y
https://dx.doi.org/10.2967/jnumed.108.055806
https://dx.doi.org/10.1016/j.ijrobp.2011.02.044
https://dx.doi.org/10.1007/s00405-015-3773-8
https://dx.doi.org/10.1002/cncr.31983
https://dx.doi.org/10.1002/onco.13784
https://dx.doi.org/10.1016/j.bjoms.2005.08.010

