Supplemental File 1. Additional Methods
Model Data Inputs and Calibration

The numbers of patients included in the model were derived from the Ontario-Health
Cancer Care Ontario (OH-CCO) Wait Time Information System (WTIS). The number of patients
on the wait-list on day 1 of the pandemic was assigned according to the OH-CCO WTIS wait-list
historical data (as of April 19, 2019). Daily new patients entering the model Monday through
Friday were also based upon cancer surgery volumes, derived from OH-CCO WTIS estimates.
All numbers were estimated per defined cancer disease sites (i.e. breast, gastrointestinal,
genitourinary, gynecological, head and neck, hepatobiliary, lung, and prostate). Skin cancers
were not included as many of these are resected in physician offices. Sarcomas, central nervous
system tumors and thyroid cancers were not included given the rarity of these diagnoses.
Supplemental Table 1 provides additional data for the sub-types of cancers included within
each cancer disease site.

For the pandemic analysis, the volume of simulated patients entering the model was
adjusted to reflect the potential use of mitigation strategies in those who may experience a delay
to surgery. Mitigation strategies included the use of systemic therapy prior to surgery (for
instance, in breast, gastrointestinal, genitourinary, gynecological, lung or prostate cancer) or the
use of radiation therapy to delay or replace surgery (for instance, in head and neck, lung cancer
and/or prostate cancer). To estimate the use of systemic therapy as a mitigation strategy, Activity
Level Reporting (ALR) and the New Drug Funding Program (NDFP) databases were used to
identify systemic therapy use prior to surgery in 2019 (pre-pandemic) and in 2020 (pandemic)
for each cancer type. Any relative increase in patients who received systemic therapy prior to
surgery was used to estimate the volume of patients receiving systemic therapy as a mitigation
Appendix 1, as submitted by the authors. Appendix to: Parmer A, Eskander A, Sander B, et al. Impact of cancer surgery slowdowns on patient

survival during the COVID-19 pandemic: a microsimulation modelling study. CMAJ 2022. doi: 10.1503/cma;j.202380. Copyright © 2022 The
Author(s) or their employer(s). To receive this resource in an accessible format, please contact us at cmajgroup@cmaj.ca.



strategy. Expert opinion was used to estimate the volume of use of mitigation systemic treatment
for prostate cancer given the inability to identify hormonal treatments with administrative
databases, particularly for those under the age of 65 as they might have been covered by private
insurance instead. ALR databases were used to identify radiation therapy volumes for curative-
intent treatment for the first 6-months of 2019 which were compared to volumes in the first 6-
months of 2020, with any increase in volume assumed to be used as a mitigation strategy to
delay or replace cancer surgery. It was assumed that the use of a mitigation strategy would result
in the exclusion of that patient from the wait-list in order to provide a conservative estimate of
potential life-year lost, given that there is a general lack of evidence about the clinical efficacy of
these mitigation strategies despite some adoption during the pandemic. Supplemental Table 2
reports the volumes of simulated patients assumed to have received mitigation strategies in the
pandemic analysis.

Patients entering the model on day 1 were assigned an existing time on the wait-list based
upon historical estimates of mean wait-times for cancer surgery patients in Ontario, Canada.
Calibration was used to refine this initial estimate such that the mean wait-time of the total
modeled population, inclusive of day 1 patients and daily new patients, was in keeping with
mean observed wait-times from OH-CCO WTIS wait-time estimates for cancer surgery patients
in July 2019. (Supplemental Table 3) This was further adjusted to ensure the mean model wait-
times reflected the mean wait-time estimates for cancer surgery during the first 6-months of the
pandemic as derived from OH-CCO WTIS using the volume of real-world cancer surgery
patients who proceeded through surgery between March 2020 and September 2020 . Calibration

of this value was done for each cancer disease-site separately.
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The number of designated cancer surgery operating rooms available in Ontario, Canada,
per day for the base-case analysis was estimated to be 85. This estimate was based on historical
data for the number of cancer surgeries performed in Ontario. This estimate was then calibrated
to target the model population’s simulated mean wait-time to observed mean wait-times as
derived from OH-CCO WTIS estimates for all cancer surgery patients in July 2019." It was
assumed that 3 cancer surgeries could be completed per OR day, based on historical data for
average cancer surgery times and an average 9 hour OR day.

Historical survival data for cancer-surgery patients who underwent surgery between 2010
— 2019 was obtained from the Ontario Cancer Registry using appropriate cancer site diagnostic
codes. (Supplemental Table 1) To characterize survival for patients who did not experience a
pandemic-related increase in wait-time to cancer surgery, historical cancer-specific overall
survival estimates from patients who underwent cancer surgery within 6-months of cancer
diagnosis was utilized. (Table 1) The cancer-specific Kaplan-Meier overall survival curves were
digitized with Plot Digitizer software (http://plotdigitizer.sourceforge.net) to derive estimates of
pseudo-individual patient data, which were then used to fit parametric survival distributions in
the proportional hazards family (i.e. exponential, gamma, Weibull). The type of parametric curve
was selected according to the best statistical fit (using the Akaike Information Criterion), visual-
inspection and clinical plausibility with the Weibull distribution chosen for all cancer survival
outcomes. (Supplemental Figure 2) The best-fitting parametric curves were used to extrapolate
survival beyond the 5-year survival estimates to 10-years.? For all survival curves, the Weibull
parametric distribution demonstrated best fit. Model calibration of the shape and scale
parameters for the Weibull distribution were undertaken to minimize the difference between
modeled survival curves for pre-pandemic patients to observed cancer-specific survival curves.
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The statistical analysis for curve generation and fitting was completed using R software (R Core
Team 2013. R: A language and environment for statistical computing. R foundation for
Statistical Computing, Vienna, Austria).

The per-day hazard ratios (HR) utilized were from previous models conducted to
evaluated cancer survival implications from COVID-19 related increases in wait-times to cancer
surgery, as derived from prior literature characterizing the association between wait-time to
cancer surgery and mortality.>!! Using the approach taken by Sud and colleagues, three distinct
per-day HR were applied to three groups of cancer disease-sites, whereby cancer sites were
grouped based upon their similarity in 5-year survival as being at low risk of progression (5-year
survival > 90%), moderate risk of progression (5-year survival 50-90%) or high risk of
progression (5-year survival < 50%). (Table 1). (Sud 2020) Similar to previous analyses, the per-
day HR for cancers with moderate risk of progression was applied to those cancers with high risk
of progression, given the absence of high-quality data to inform on the increase in mortality with
increase in wait-times for these cancers. These per-day HR estimates were favored to promote
cross-country comparability of modeling methods and to facilitate cross-country comparisons in

modeled output.

Probabilistic Sensitivity Analysis

A probabilistic sensitivity analysis was conducted to account for uncertainty in model
input parameter for estimates of time including time on the wait-list for cases entering on day 1,
and incremental increases in wait-times to cancer surgery (between the pre-pandemic and
pandemic base-case or scenario analyses). These time parameters were modeled as gamma
distributions fit according to the method of moments from the mean and standard deviation, per
Appendix 1, as submitted by the authors. Appendix to: Parmer A, Eskander A, Sander B, et al. Impact of cancer surgery slowdowns on patient

survival during the COVID-19 pandemic: a microsimulation modelling study. CMAJ 2022. doi: 10.1503/cma;j.202380. Copyright © 2022 The
Author(s) or their employer(s). To receive this resource in an accessible format, please contact us at cmajgroup@cmaj.ca.



cancer disease site. The standard deviation for mean-time on the wait-list for cases entering on
day 1 was derived from OH-CCO WTIS database for wait-times in July 2019. (Table 1) The
gamma distribution parameters for the incremental increase in wait-times were estimated from
the modeled mean incremental wait-time along with the variance of the modeled pre-pandemic
population and pandemic analyses. For each simulation, distributions were sampled 100 times to

generate mean values for model outcomes.
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Supplemental Table 1. Cancer types included in major cancer sites evaluated in the study and

diagnostic codes used to identify patients with these cancers in Ontario health administrative

databases.

Major cancer site group

Cancer type

ICD-10-CA diagnostic codes

Breast

Breast

C5020, C5091, C5099, C5011, C5010,
C5019, C5021, C5029, C5030, C5031,
C5039, C5040, C5041, C5049, C5050,
C5051, C5059, C5090, C5089, C5080,
C5081, C7980, D050, D051, D057, D059,
D486, D24, N608, N609, N63

Gastrointestinal

Colorectal
Esophagus
Gastric

C150, C151, C152, C153, C154, C155,
C158, C159, C160, C161, C162, C163,
Cl164, Cl165, Cl66, C168, C169, C170,
C171, C172,C173, C178, C179, C180,
C181,C182, C184, C185, C186, C187,

C188, C189, C19, C210, C211, C212,

C20, C260, C268, C269, C451, C457,

(€459, C480, C481, C482, C488, C785,
C784, C786, C788, C883, D001, D002,
D010, D011, D012, D013, D014, D017,
D019, D120, D121, D122, D123, D124,
D125, D126, D127, D128, D129, D130,
D131, D133, D139, D191, D197, D199,
D200, D201, D371, D372, D373, D375,
D374, D377, D379, D379, D483, D484

Genitourinary

Bladder
Renal
Penile
Testis

C600, C601, C602, C608, C609, C6200,
C6201, C6209, C6210, C6211, C6219,
C6290, C6291, C6299, C630, C632, C637,
C638, C639, Co4, C65, C66, C676, C670,
Co671, C672, C673, C674, C675, C678,
C679, C680, C681,C688, C689, C790,
C791, D074, D076, D090, D290, D292,
D293, D294, D297, D299, D300, D302,
D303, D304, D307, D309, D401, D407,
D409, D410, D411, D412, D413, D414,
D417, D419

Gynecological

Cervical
Endometrial
Ovarian

G510, C511, C512, C518, C519, C52,
(€530, C531, C538, C539, C540, C541,
C542, C543, C548, C549, C55, C560,
C569, C5700, C5701, C5709, C571, C572,
C573, C574, C577, C578, C579, C58,
C796, D0000, D060, D061, D067, D069,
D070, D071, D072, D073, D25, D27,
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D280, D281, D282, D287, D289, D390,
D391, D392, D397, D399, N890, N&91,

N&92, N§893
Head and Neck (excl. Head and neck C020, C021, C022, C023, C024, C028,
endocrine) Nasopharyngeal C029, C030, C031, C039, C040, C041,

€048, C049, C050, CO51, C052, CO58,
C059, C061, C060, C062, C068, C069,
€070, C080, C081, C088, C089, C090,
C091, C098, C099, C100, C101, C102,
C103, C104, C108, C109, C110, C111,
C112,CI113,C118, C119, C12, C130,
C131, C132, C138, C139, C140, C142,
C3000, C3001, C301, C310, C311, C312,
C313, C318, C319, C320, C321,C322,
(€323, C328, C329, C4100, C4101, C411,
C432, C442, C462, C752, C770 D0O001,
D0002, D0003, D0004, D000S, D0006,
D0007, D0008, D0009, D020, D032,
D042, D105, D106, D107, D109, D110,
D117,D119, D140, D141, D164, D165,
D353, D3702, D3705, D3708, D380,
D444, D37031, D3703, D37032, D37039,

D3704
Hepatobiliary Biliary C170, C183, C220, C221, C222 C223,
Hepatic C224, C227, C229, C23, C240, C241,
Pancreas (€248, C249, C250, C252, C253, C257,

(€258, C259, C281

C787, D015, D134, D135, D136, D376
Lung Lung C3400, C3401, C3409, C3410, C3411,
C3419, C33, C37, C381, C382, C383,
C388,

C342, C3430, C3431, C3439, C3480,
C3481, C3489, C3490, C3491, C3499,
C390, C398, C399, C413, C451, C457,
C459, C4671,

(€480, C481, C482, C488, C761, C780,
C783, C786, C384, C450, C781, C782,
D021, D022, D023, D024, D142, D143,
D144, D150, D152, D157, D159, D167,
D190, D191, D197, D199, D200, D201,
D381, D382, D383, D384, D385, D386,

D483, D484
Prostate Prostate C61, D075, D291, D400
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Supplemental Table 2. Proportions of simulated cases removed from wait list due to use of

mitigation strategy with either systemic therapy or radiotherapy prior to cancer surgery.

Cancer site Mitigation strategy Proportion of patients
excluded

Breast Systemic therapy 18%

GI Systemic therapy 15%

GU Systemic therapy 7%

Gyne Systemic therapy 0

HN Radiation therapy 9%

HPB Systemic therapy 20%

Lung Systemic therapy and 15%
radiotherapy

Prostate Systemic therapy and 10%
radiotherapy

Abbreviations: GI: gastrointestinal; GU: genitourinary; Gyne: gynecological; HN: head and

neck; HPB: hepatobiliary.
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Supplemental Table 3. Observed mean wait-times for cancer surgeries in Ontario compared

with simulated wait-times from the pre-pandemic model, by disease site.*

Cancer site Observed real-world wait time Simulated model wait time
All cases 25 25
Breast 18 18
Gl 22 21
GU 29 30
Gyne 27 26
HN 29 28
HPB 24 23
Lung 22 22
Prostate 51 52

*From July 2019, as reported in the Ontario Health Cancer Care Ontario — Wait Time

Information System database.

Abbreviations: GI: gastrointestinal; GU: genitourinary; Gyne: gynecological; HN: head and

neck; HPB: hepatobiliary.
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Supplemental Table 4. Wait-time mortality scenario analyses exploring uncertainty in expected

mortality with increases in wait-time to cancer surgery*

. Life-years lost per patient

Cancer site WM-1 WM-2 WM-3

Breast 0.00 (0.00,0.01) 0.01 (0.00,0.01) 0.01 (0.00,0.01)
GI 0.05 (0.04,0.05) 0.05 (0.05,0.06) 0.05 (0.05,0.06)1
GU 0.06 (0.06,0.07) 0.07 (0.06,0.07) 0.07 (0.06,0.07)1
Gyne 0.04 (0.03,0.04) 0.04 (0.04,0.06) 0.04 (0.02,0.05)1
HN 0.05 (0.04,0.06) 0.06 (0.05,0.07) 0.09 (0.08,0.10)
HPB 0.02 (0.02,0.03) 0.02 (0.02,0.04) 0.03 (0.02,0.06)
Lung 0.04 (0.04,0.05) 0.05 (0.04,0.06) 0.04 (0.04,0.05)1
Prostate 0.02 (0.01,0.03) 0.02 (0.02,0.03) 0.02 (0.02,0.03)1

* Scenario analyses were conducted by varying the daily hazard ratio that was used to model
increased mortality due to increase in wait-times to cancer surgery. The life-years lost, as
compared to modeled pre-pandemic populations is shown using hazard ratios that reflect lower
risk of mortality due to increases in wait-times for all cancers (WM-1), higher risk of mortality
due to increases in wait-times for all cancers (WM-2), or higher risk of mortality due to increases
in wait-times for cancers with low 5-year survival (WM-3).

tIn this scenario, the daily hazard ratio was the same as the base-case analysis.

Abbreviations: GI: gastrointestinal; GU: genitourinary; Gyne: gynecological; HN: head and

neck; HPB: hepatobiliary.
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Supplemental Figure 1.

Surgical backlog recovering monitoring as of September 20, 2020
Service area: Oncology Procedures
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Figure legend. Data from Ontario Health — Cancer Care Ontario depicting oncology surgical
volumes in the first 6-months of the pandemic, relative to baseline values (depicted as 100%).
This data informed the surgical slow-downs for our model’s simulated pandemic operating room
resources such that the resources were simulated at 60% for the first month post-pandemic

declaration, 70% for the second month and 85% for months 3-6.
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Supplemental Figure 2.
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Figure Legend. Parametric distributions fitted to observed survival data for each major cancer disease site. Parametric distributions in
the proportional hazards family (i.e. Weibull, gamma, exponential) were fitted to observed survival data from the Ontario cancer
population. For all survival curves, the Weibull parametric distribution demonstrated best fit.

Abbreviations: GI: gastrointestinal; GU: genitourinary; Gyne: gynecological; HN: head and neck; HPB: hepatobiliary.
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