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eMethods. Supplemental Description of Methods 

eTable 1. Study Population, Screenable Cancers and Female Breast Cancer Cases, January 2018-

December 2020, uses Public Use Database, 2001-2020 

eTable 2. Study Population, Lung and Bronchus Cancer and Colon and Rectum Cancer Cases, January 

2018-December 2020, uses Public Use Database, 2001-2020 

eTable 3. Study Population, Cervical Cancer and Prostate Cancer Cases, January 2018-December 

2020, uses Public Use Database, 2001-2020 

eTable 4. Study Population, Corpus and Uterus, NOS Cancer and Melanoma Cases, January 2018-

December 2020, uses Public Use Database, 2001-2020 

eTable 5. Study Population, Urinary Bladder Cancer and Non-Hodgkin Lymphoma Cases, January 2018-

December 2020, uses Public Use Database, 2001-2020 

eTable 6. Study Population, Kidney and Renal Pelvis Cancer and Pancreas Cancer Cases, January 

2018-December 2020, uses Public Use Database, 2001-2020 

eTable 7. Potentially Missed Cancer Cases, by Site and Period, March-December 2020, uses Public 
Use Database, 2001-2020 

eFigure 1. Study Population Sample Flow Diagram for All Sites Cancer Cases 

eFigure 2. Percentage Difference in Observed from Expected Incidence Rates for Non-Screenable 
Cancers, by Stage and Period, March-December 2020 

eFigure 3. Percentage Difference in Observed from Expected All Sites Cancer Incidence Rates, by 
Population Subgroup and Period, March-December 2020 

eFigure 4. Percentage Difference in Observed from Expected Incidence Rates, by COVID Response, 
Site, and Period, March-December 2020. 

eFigure 5. Percentage Difference in Observed from Expected Incidence Rates, by Urbanicity, Site, and 
Period, March-December 2020 

eFigure 6. Percentage Difference in Observed from Expected Incidence Rates, by Age, Site, and Period, 
March-December 2020 

eFigure 7. Percentage Difference in Observed from Expected Incidence Rates, by Race, Site, and 
Period, March-December 2020 

eFigure 8. Percentage Difference in Observed from Expected Incidence Rates, by Sex, Site, and Period, 
March-December 2020 

This supplementary material has been provided by the authors to give readers additional information 

about their work

© 2024 Burus et al. JAMA Oncology.  

2024 Buru et al. JAMA Oncology



eMethods. Supplemental Description of Methods 

A. Seasonal ARIMA models, exogenous regressors, model fitting and forecasting.

In this study we forecasted cancer rates for March-December 2020 by first fitting (seasonal) 

autoregressive integrated moving average (ARIMA) models with exogenous regressors to observed 

monthly cancer rate trends from January 2018-December 2020. Basic ARIMA models are a linear 

combination of autoregressive models (lagged variables) and moving average models (lagged errors) 

with possible differencing of adjacent terms to induce stationarity. An ARIMA model is specified by the 

order of the autoregressive component (p), the order of the differencing used (d), and the order of the 

moving average component (q). Additional seasonal ARIMA parameters P, D, and Q can be added to 

handle seasonal trends for seasons of period length m. Any exogenous regressors are included in the 

final model as additive regression terms external to the ARIMA model defined. 

For our models we postulated two exogenous regressors based on contextual knowledge of the 

progression of the COVID-19 pandemic in the United States during the year 2020 and a cursory 

inspection of collected trends. The first exogenous regressor was a pulse effect (a sudden, short-term 

change in trends) over the period of March-May 2020. This regressor was intended to capture the 

average change in rates from previous trends during the period of broad stay-at-home orders and was 

encoded as a vector taking the value 1 for March, April and May 2020 and O elsewhere. With this 

encoding, the exponential of the coefficient of the pulse effect regressor in the best fit model can be 

interpreted as the rate ratio between the mean observed incidence rate in March-May 2020 and the mean 

expected incidence rate in March-May 2020. 

The second regressor was a step change effect (a sudden and sustained change in trends) over 

the period of June-December 2020. This regressor was intended to capture the average change in rates 

from pre-pandemic trends following the conclusion of the period of broad stay-at-home orders. The step 

change effect was encoded as a vector taking a value of 1 for every month from June-December 2020 

and O elsewhere. Similar to the pulse effect regressor, encoding the step change effect regressor in this 

fashion allows us to interpret the exponential of the coefficient of it as the rate ratio between the mean 

observed incidence rate in June-December 2020 and the mean expected incidence rate in June

December 2020. It was unclear if this effect would prove significant for all or any of the incidence rate 

time series considered. 

A ramp effect regressor (a linear increase or decrease in trends over time) was initially 

considered in place of a step change effect for the period of June-December 2020, however a basic 

visual inspection of trends collected contraindicated this. 

The graph below illustrates a theoretical time series in which both a significant pulse effect and 

step change effect are observed: 
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