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Abstract
Purpose: The rapid spread of the SARS-CoV-2 pandemic around the world caused most healthcare
services to turn substantial attention to treatment of these patients and also to alter the structure of
healthcare systems to address an infectious disease. As a result, many cancer patients had their
treatment deferred during the pandemic, increasing the time to treatment initiation, the number of
untreated patients (which will alter the dynamics of healthcare delivery in the post-pandemic era) and
increasing their risk of death. Hence, we analyzed the impact on global cancer mortality considering the
decline in oncology care during the COVID-19 outbreak using head and neck cancer, a known time-
dependent disease, as a model. 

Methods: An online practical tool capable of predicting the risk of cancer patients dying due to the COVID-
19 outbreak and also useful for mitigation strategies after the peak of the pandemic has been developed,
based on a mathematical model. The scenarios were estimated by information of 15 oncological services
worldwide, given a perspective from the �ve continents and also some simulations were conducted at
world demographic data. 

Results: The model demonstrates that the more that cancer care was maintained during the outbreak and
also the more it is increased during the mitigation period, the shorter will be the recovery, lessening the
additional risk of dying due to time to treatment initiation. 

Conclusions: This impact of COVID-19 pandemic on cancer patients is inevitable, but it is possible to
minimize it with an effort measured by the proposed model.

Introduction
Head and neck squamous cell carcinoma (HNSCC) have a high growth rate and causes life-threatening
symptoms. Hence, deferring treatments can adversely affect HNSCC mortality rates; it is a time-
dependent disease.(1-3) When only best supportive care is employed, nearly half of patients will die of
cancer progression within four months.(4)

COVID-19 is likely to affect the entire world population, however, the cancer mortality risk is higher than
that anticipated from initial COVID-19-related deaths.(5) The majority of cancer centers are not receiving
the usual number of referred cancer patients.(6) The recent focus on COVID-19 is endorsed by the United
States Center for Diseases Control (CDC) and most national and international health organizations,
including the World Health Organization (WHO). Healthcare facilities have discontinued elective care,
limiting their actions to offering emergency and urgent treatments.(7) Following these recommendations,
all elective admissions and procedures have been postponed.(8) Subsequently, in the next months,
hospitals will redirect medical care from COVID-19 patients toward other ailments. A surge in oncology
patients, often with more advanced stage disease, should be anticipated. For HNSCC the COVID-19
pandemic has resulted in a delay of diagnosis and an increase in the time to initiation of curative
treatment, thus potentially affecting outcomes.(9) National and local oncological services should be



Page 5/21

prepared to treat higher number of patients with more advanced disease as a result of the COVID-19
outbreak.

Predictive mathematical models have been useful in understanding threats to human activities.(10) They
can be used to estimate the impact of severe diseases (such as cancer) in a population, and to prepare
facilities to receive an additional number of patients, which could assist in stablishing strategies to
minimize cancer-related risk of death. 

Using HNSCC as an example, this study aimed to analyze the impact of the COVID-19 pandemic on
global cancer mortality in view of the pause in cancer care during recent months. Through a
mathematical model, it is possible to predict the increase in the risk of dying from cancer and to suggest
mitigation strategies as the COVID-19 pandemic abates.

Materials And Methods
This is a predictive mathematical model based on hypothetical scenarios and on secondary data of
patients treated on HNSCC.

Chosen model

            The “risk of dying” model used is based on the report of Murphy et al.(1). According to data from
the National Cancer Data Base (United States), the authors examined more than 51 thousand patients
and identi�ed 67 days for time to treatment initiation (TTI) as the cutoff value for rising risk of death for
patients treated for HNSCC. The hazard ratio was established for overall mortality according to TTI as a
continuous variable and this measurement was adjusted by many covariates that included age, gender,
race, insurance status (public or private insurance), facility type (community, comprehensive community
or academic), distance to facility, cancer primary site (oropharynx – tonsil; oropharynx – non-tonsil; oral
tongue; larynx; hypopharynx), tumor stage (AJCC 7th edition), treatment modality (surgery alone, radiation
therapy alone; chemoradiation, other), year of treatment, comorbidity score and ZIP-code (level of
education and income). There are few publications addressing risk of disease progression over time in
cancer patients. Despite of regional characteristics (since it is based upon North American experience),
Murphy’s is the largest in the literature and should be considered one of the best evaluations of the TTI as
an independent risk factor for death among multi-institutional patients with HNSCC. 

Mathematical model construction

            For the prediction of COVID-19 outbreak impact on additional risk of dying, and also the
elaboration of mitigation scenarios, a mathematical model based on the estimated hazard identi�ed by
Murphy et al.(1), was developed (as demonstrated in the Supplementary Appendix).

            To be useful, a model must provide a means to estimate the distribution of TTI, as it is the source
of hazard from the operational parameters. For this, we employ simplifying assumptions: that patients
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present at a constant rate seeking treatment after a delay (baseline TTI) and that they wait in a line in
which the �rst that enters is the �rst that is treated. From the volumes of treatment during the several
phases of the process (normal before the outbreak, reduced volume due to the outbreak, mitigation
periods afterwards) the number of accumulated patients – which is also the size of the waiting list—is
estimated at any given time. An algorithm estimates the waiting time of a single individual considering
the different treatment volumes between the time of arrival until the time of treatment. Two approaches
are then available, one through simulation of every patient that arrives in the system and computing the
waiting time to build the statistics. The other method is formal by assumption of continuous variables.
Both produce similar results and can be used to verify the correctness of the other. The simulation
approach is employed in the online calculator because of its versatility: the hazard estimation from the
TTI can be changed by simply replacing the hazard function code. If the model is similar to Figure S1
(supplementary data), where the added hazard is zero until a cutoff and linear afterwards, the model
parameters can be entered in the calculator interface (cutoff, slope and y-intercept), without changing the
code, resulting in an operating curve similar to Figure S2.

            The sensitivity of the model to parameter variation by two different approaches is demonstrated in
Table S1 (supplementary data).

COVID-19 cancer impact calculator (COCIC)

            The COVID-19 cancer impact calculator (COCIC) is available free online at http://cocic-calc.com,
and the output data refer to all calculations. Anyone may access, use, and share data as long as this
study is cited.

The website estimates needed time to recovery after the COVID-19 pandemic, the peak and average
waiting time to treatment during COVID-19 outbreak and mitigation period based upon effort, the number
of patients exposed to the risk of dying, the peak value of added risk due to increased TTI and also the
baseline risk of dying due to prolonged TTI when the time exceeds 67 days, as previously established.
(1) The calculator also estimates the number of patients (at standard circumstances added to additional
volume) that should be treated in different scenarios in order to reestablish the baseline risk, up to 5
years. It also shows the number of patients allocated in each range of TTI and the individual risk of dying
due to the delay. Four charts illustrate the results: (1) number of patients waiting for treatment over time;
(2) time to initiate treatment over time; (3) risk of dying from cancer over time; (4) added risk of dying and
the duration of the mitigation period during the �rst year after attention shifts from COVID-19.

The calculator is able to �t to any other situation including other varieties of cancer or time-dependent
diseases by changing the parameters according to the characteristics of each illness.

Data analyses and simulations 

            The COCIC was used to calculate the risk of dying for patients with HNSCC in three different
scenarios: 1) simulations considering different medical care volumes during COVID-19 outbreak and

http://cocic-calc.com/
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mitigation period; 2) validation analysis considering the estimation of the impact in different services
worldwide (�ve in Europe – Fondazione IRCCS Istituto Nazionale Tumori di Milano, Milan, Italy; University
of Birmingham, UK; Leon Berard Cancer Center, Lyon, France; National Kapodistrian University of Athens
Medical School, Attikon University Hospital, Athens, Greece; Poznan University of Medical Sciences at the
Greater Poland Cancer Centre, Poland; three in North America; Fox Chase Cancer Center with two different
services – Surgery and Radiation Therapy, Philadelphia, USA; Memorial Sloan-Kettering Cancer Center,
New York, USA; Princess Margaret Cancer Center, Toronto, Canada; three facilities in Latin America –
Instituto do Cancer do Estado de Sao Paulo / Icesp with three different services – Surgery, Clinical
Oncology and Radiation Therapy, Sao Paulo, Brazil; AC Camargo Cancer Center, Sao Paulo, Brazil;
Universidad de Antioquia, Medellin, Colombia; two in Asia – Tata Memorial Centre, Mumbai, India; Shin
Kong Wu Ho-Su Memorial Hospital and Fu Jen Catholic University in Taiwan, Taipei, Taiwan; one in Africa
– University of Cape Town, South Africa; one in Oceania – Brisbane's Princess Alexandra Hospital of the
University of Queensland, Queensland, Australia); and 3) estimation of mortality over the global
population based on the estimated number of new cases of head and neck cancer for the year of 2018
available at GLOBOCAN(11). Those estimates were used to calculate the exposed population during the
period and their added risk of dying, in order to estimate the additional number of persons that would
potentially die. We considered the model for head and neck cancer new cases globally and also strati�ed
by continents and human development index (HDI). Exhaustive simulations were performed, in order to
establish whether the model was sensitive and also consistent with the clinical impression.

Results
Demonstration of COCIC use

            Considering that an institution treats a total of 100 HNSCC patients monthly, with a 60 days’ time
from the diagnosis to treatment under standard circumstances. During the COVID-19 outbreak, if the
same institution has reduced the number of treated patients by 50% for 90 days, and subsequently after
the outbreak it increases the number of patients treated by 10% above the pre-pandemic baseline, it will
take 450 days to return the patients’ risk of dying to baseline.

In this scenario, 1,800 patients will be exposed to the situation and the peak TTI will be 105 days (mean
of 82 days). The added average risk of dying due to prolonged TTI is 6.9% at the �rst year and 0.4% at the
second year, without additional risk after 450 days when the facility would return to pre-pandemic
operation. Twelve-hundred patients will be treated over a range of 0-30 additional days (TTI will be at
arrange of: 60-90 days), experiencing an additional risk of dying of 2.7%. Six hundred will be treated after
30 to 60 additional days (TTI will be at the range of: 90-120 days) experiencing 9.3% additional risk of
dying. To return this risk to baseline in just one year instead, the increase in medical care should be at
least of 12.5% during that period. Without increasing treatment volumes (i.e. returning only to standard
operational volume following the recovery from the outbreak), patients will have a steady 11.5%
additional risk of dying at that facility, simply as a result of the long-lasting increase in TTI, that in this
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new scenario would be of 105 days. The graphic representation of this scenario is demonstrated in Figure
1 (scenario 1).

            In another scenario, a facility might have a baseline TTI higher than 67 days (i.e. beyond the
threshold of the model for risk of dying), lower volume of care during the outbreak, and also lower volume
expansion during mitigation period. With 120 days as baseline TTI, 100 patients treated monthly,
reduction of medical volume by 70% over 90 days, and an increase of 5% in medical care volume after
the pandemic, it will take 1,260 days to mitigate the additional risk of dying due to the prolonged TTI with
a baseline risk of dying due to the increased TTI of 16.0%. Then the peak value of TTI will be 183 days
(mean of 151 days) in 4,501 patients. The added risk of dying is 16% at the �rst year, 11.6% at the
second, 6.4% at the third and 1.4% at the fourth year, without additional elevated risk after that. Under
these circumstances, 2,143 patients will be treated over a range of 0-30 additional days (120-150 days as
�nal TTI), experiencing an additional risk of dying of 4.5% (20.5% as overall risk; 4.5% of additional risk +
16.0% of baseline risk), 2,143 will be treated over 30-60 additional days (TTI: 150-180 days in total) with
additional risk of 13.5% (29.5% as overall risk) and 215 individuals will be treated over additional 60-90
days (TTI: 180-210 days in total) with 18.4% of additional risk of dying (34.4% as overall). To be able to
mitigate these risks in just one year (then returning to the baseline condition), the increase in treatment
volume should be at least of 17.5%; an 8.8% increase will lead to a return to baseline in two years.
Without mitigation efforts, the patients would experience an 18.9% long-term additional risk of dying at
that facility, representing a new baseline of 34.9% (18.9% of additional risk plus the standard baseline on
16%) as risk of dying from the COVID-19 pandemic’s delay in treatment for HNSCC. The illustration of this
scenario is shown in Figure 1 (scenario 2).

            The more medical care is delivered during the outbreak and the greater the expansion in medical
care volume during the mitigation period, the quicker will be the recovery and lower the additional risk of
dying due to a longer TTI. Simulations considering duration of the outbreak, medical care volume during
the outbreak and mitigation regimens are demonstrated in Figures 2 and 3, considering 66 days of
baseline TTI (the limit days for no baseline risk of dying due to waiting time for treatment). In general, a
reduction of 50% to 70% during 60 to 90 days of outbreak, results in an additional risk of dying due to
longer TTI over at least two-years if the medical care volume rises 10% to 20% above baseline during the
mitigation period. Detailed data are shown in Table S2 and Figure S3 (supplementary data).

Estimating real-life scenarios

To better predict the local effect of COVID-19 pandemic in HNSCC practice, different centers worldwide
were asked to relate their real-life expectations.

            The usual TTI ranged from 21 to 150 days (mean of 50 days; standard-deviation of 36 days), with
a mean medical care reduction of 41.4% during the outbreak and 16.8% volume expansion after the
pandemic, with an estimated duration of 77 days of COVID-19 outbreak. The time to mitigate the
additional risk of dying due to the increased TTI range from 24 to 400 days, with a 1-year added risk of
dying ranging from 1.2% to 19.8%, with �ve services (27.8%) showing additional risk. The greater the
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effort and the shorter the preexisting TTI of the medical facility, the lower time needed to return to
baseline and the lower the additional risk of death due to HNSCC. These results are described in Table 1
and complete data in Tables S3 and S4 (supplementary data).

            It may not prove possible for each institution to execute its proposed increase in volume as a long-
term mitigation strategy. Even so, in nine facilities (50%) patients could experience an increased risk of
dying after the pandemic varying from 0.7% to 26.8% yearly due to long-standing novel TTI. Even in those
centers that are unlikely to sustain any additional risk, the increment in TTI will average 45.1% (from 50
days to 91 days), as shown in Table S5 (supplementary data).

Those facilities with a longer baseline TTI will be required to adopt more aggressive strategies in order to
reestablish their baseline settings. This is likely to be more di�cult precisely because they are located in
countries with limited resources. Centers with su�ciently short pre-COVID TTI may be able to return their
circumstances to baseline without sustaining increased mortality; such institutions are usually in
environments with less straitened circumstances.

Extrapolation of the model to demographic data

In order to estimate the number of patients likely to succumb because of the decrease in medical care
during COVID-19 pandemic, the added calculated risk (hazard ratio) from the model was applied to
estimated numbers of new cases for year 2018, the most recent data available at GLOBOCAN
Database(11).

As parameters on the COCIC calculator, we considered a 40% reduction in cancer care during a 90-days
outbreak, the baseline TTI was calculated using the data provided by the real-data scenarios and the
literature for those continents and groups of HDI countries for a better representation of TTI(12-17). We
inputted these data and simulated different efforts of mitigation, varying from 50% to no mitigation at all.
In a scenario of no mitigation, the number of additional patients that could die due to HNSCC could rise
from 0% to 10.8% yearly after the outbreak depending on geography and the HDI; this represents up to
additional 47,558 deaths/year as a result of increased TTI due to the COVID-19 outbreak. An increase of
5% in medical care, lasting up to 2 years, after the outbreak could reduce this number to 40,121 cases in
total, while 20% of volume increase in the services during a 6 months of mitigation period re�ects in
13,406 additional deaths, a reduction of 67% when compared to the 5% mitigation effort. The impact of
additional deaths is proportionally worse on the less developed countries and in medium and low HDI
settings (Table 2).

Discussion
The outcomes of cancer patients vary among institutions and countries due to differences in varieties of
cancers; prevention and screening policies; stage at diagnosis and access to adequate specialized
healthcare(18, 19). Better disease outcomes in HNSCC patients are basically related to early diagnosis,
prompt treatment (ideally with a multidisciplinary approach), early rehabilitation and avoiding
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subsequent exposure to known risk factors such as tobacco and alcohol.(20) During COVID-19 pandemic,
all these domains were affected since healthcare systems turned human and material resources into the
treatment of infected patients. The North American Center for Disease Control(8) recommendations to
suspend all elective healthcare and to provide only urgent and emergency treatment, were followed by
numerous national and international medical organizations. In many countries, hospitals have converted
operating suites into intensive care rooms due to the large proportion of patients with respiratory failure.
As one of the indirect consequences, we will face an increase in the mortality ratio for chronic and non-
communicable diseases. A likely increase in the risk of death or disability from stroke is expected.
(21) Surprisingly, hospitalizations for acute myocardial infarction declined in northern Italy and in
California, during the Covid-19 pandemic, more than would be expected on the basis of typical seasonal
variation alone.(22, 23).

Little organized guidance was afforded surrounding urgent systemic treatment, radiation therapy, and
elective surgery for cancer patients.(5, 24, 25) There is evidence highlighting the effects of COVID-19
pandemic on cancer care. Two Chinese reports showed that the COVID-19 pandemic was associated with
increased severe events and cancer related deaths that were attributed to impediments to oncologic
care(26, 27). Lai et al.(28) analyzed the recent changes in cancer care delivery in response to COVID-19.
Population-based health records in England, and also USA Surveillance, Epidemiology, and End Results
(SEER) data were used to estimate an excess of 6,270 cancer deaths at 1 year in England and 33,890 in
the USA. It is ,therefore, necessary to reduce delays in cancer diagnosis, resume disrupted treatment, as
well as to reallocate the resources diverted during the COVID-19 pandemic.(29) 

The understanding of the natural history of untreated cancer is essential to appreciate the effects of the
COVID-19 pandemic on the survival expectations of cancer patients. The evolution of a HNSCC is rapid,
from initial presentation until it becomes untreatable.(30) About 50% of untreated individuals will die in
four months, only 12% will survive more than 12 months and almost none will survive for �ve years.(4, 31,
32)

Treatment package time has signi�cant prognostic impact in HNSCC patient outcomes; and timeliness of
care delivery is regarded as a major quality metrics of oncologic care.(1, 3, 33-36) 

This study employs HNSCC as a model to estimate the impact of COVID-19 pandemic on its worldwide
cancer mortality considering the reduction of medical care volume during the outbreak. The mortality of
those patients with HNSCC is closely related to presenting stage and also to longer time to treatment
initiation, both affected when attention is diverted from cancer care. Thus, HNSCC is an appropriate
disease to analyze the COVID-19 pandemic in terms of excess deaths, to propose how to reduce them
and also to ascertain how much time will be needed to return to normal after the expected surge in
patients presenting after the pandemic.

Although the model was designed to estimate the impact on increased risk of dying due to the outbreak
for head and cancer patients, if considering that HNSCC represent only around 4% of all cancer
worldwide, one can extrapolate that the toll of additional cancer deaths due to the COVID-19 outbreak to
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be in the millions, a number way higher than the deaths due to COVID-19 (close to 400,000 in early June,
2020), unfortunately. Nevertheless, to afford more accurate estimates the model should be adjusted to
each individual clinical setting; covariates; and different TTI risk values for each cancer. Even with
otherwise imprecise estimates it is evident that the number of deaths due cancer and other diseases will
be substantially higher than those directly caused by COVID-19, in the aftermath, despite efforts at
mitigation.

Considering the existing heterogeneity among different healthcare services around the globe in terms of
the capacity for admitting newly diagnosed HNSCC patients, different treatment recommendations,
diverse limitations in access to material resources and technologies, and reimbursement policies and
procedures, one could expect a great variability in terms of capacity to accommodate any expansion of
healthcare delivery after the pandemic period. Already frail healthcare networks will worsen due to
economic recession and consequent reduction in healthcare expenditures in low-income and middle-
income countries.(19, 37) Historically, recessions contribute to increases in mortality among the more
vulnerable populations, and in cancer patients especially due to COVID-19 it should not be different.(38-
40)

We have developed a mathematical model based on the estimated hazard identi�ed by Murphy et al. to
predict impact of the COVID-19 outbreak on additional risk of dying from HNSCC and also to propose
some mitigation scenarios. The assumptions used in this study, were based on 51,655 patients from the
National Cancer Data Base and indicated that 67 days was the nonzero threshold, maintained in the
validation set. The mortality risk rises substantially after 67 days, after adjusting for covariates. Time to
diagnosis and adequate staging, pre-treatment mortality ratio and the number of patients treated with
palliative care were not considered, and consequently, overall HNSCC mortality risk may be even higher as
time to treatment initiation increases. The mathematical model proposed here can be useful and may be
adapted for other malignancies in which a time-to-treatment-initiation-dependent mortality risk exists. 

As shown, a smaller decline in healthcare delivery during the outbreak and a more rapid and pronounced
expansion afterwards will engender a quicker return to baseline mortality rates and reduce the additional
risk of dying due to longer TTI. Our model cannot address different capacities of diverse healthcare
systems or the access to treatment modalities in varied geographic areas. The �nancial and human
resources required to increase access to radiation therapy, surgical treatment, and systemic treatment are
likely to prove limiting in many regions. Our study provides data that can be used for individual
institutions or entire national health systems to evaluate strategies and to prepare guidelines,
infrastructure and their workforce to face the upcoming challenges. As demonstrated with the simulated
data using the COCIC calculator, the scenario of no mitigation is the one that brings the most damage to
the head and neck cancer population, it creates a novel baseline TTI that in most of the cases are
followed by a long-lasting increase in additional deaths. The modelling of the data also showed that even
a small increment of 5% volume in oncology services provided can bring the additional risk to an end;
moreover, it appears in most of the simulations that an effort between 10 to 20% increase in medical care
during the mitigation period results in return to baseline in 6 to 12 months in most of the scenarios tested.
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We developed an easy-to-use, accurate instrument (COCIC), capable of predicting the impact of delayed
treatment of head and neck cancer patients due to the COVID-19 pandemic. The tool is free and available
online and also allows estimating mitigation strategies to reduce the associated mortality in the post-
outbreak era in different scenarios and different diseases. 

In conclusion, the proposed model demonstrates that the more the healthcare delivery is maintained
during the COVID-19 outbreak and also the more it is increased during the mitigation period, the sooner
will be the recovery and smaller the additional risk of death due prolonged time to begin treatment in an
already stressed system(41). This impact of COVID-19 pandemic on cancer patients is inevitable, but it is
possible to minimize it with a planned effort.
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Tables

Table 1. Information of different centers worldwide, regarding medical care volume before

and during COVID-19 outbreak, estimations of mitigation scenarios after the outbreak and

estimative of treatment impact.
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ontinents
and

ountries

Usual
Time to

Treatment
Initiation*

Medical
care

reduction
during the
outbreak

Medical
care

increment
after the
outbreak

Estimated
duration (days)

of restricted
operation due to

the outbreak

Needed
time of
effort to
recovery
(days)

TTI
(Peak)

Patients
at risk

(exposed)

Added
risk

(average
- 1st
year)

UROPE            
Greece 30 20.0% 6.0% 90 300 48 650 0%

Italy 30 42.9% 14.3% 120 360 81 2,240 0%
UK 30 30.0% 0.0% 120 ∞ 66 1,201 #

France 40 0% 0.0% 0 - - - -
Poland 45 40.0% 100.0% 60 24 69 504 0%

ATIN
MERICA

           

Brazil 30 47.8% 20.0% 90 215 73 2,339 0%
Brazil 80 41.7% 16.7% 160 400 147 1,121 13.2%

Colombia 81 50.0% 0.0% 90 ∞ 126 N/E 12.5%
Brazil 120 51.6% 21.0% 90 222 166 645 6.0%
Brazil 150 50.0% 16.7% 90 270 195 1,441 0%

ORTH
MERICA

           

USA 21 50.0% 17.6% 30 85 36 652 0%
USA 30 25.0% 20.8% 60 72 45 529 0%
USA 25 80.0% 50.0% 28 45 47 98 0%

Canada 56 ** 20.0% 0 - - - -
SIA            

Taiwan 23 60.0% 0.0% 30 ∞ 41 N/E  #
India 30 68.2% 0.0% 60 ∞ 71 N/E  1.2%

FRICA            
South
Africa

30 46.7% 0.0% 270 ∞ 156 N/E  19.8%

CEANIA            
Australia 47 0.5% 0.0% 0 - - - -

               

* Under standard circumstances.

** Increase of medical care due to a particular situation
# Even though no mitigation strategy led to 0% increment in risk of dying, the long-
standing ‘novel TTI’ of the service will be higher.
Legend: TTI = time to treatment initiation; N/E: not estimated (absence of mitigation
strategy); “-” services that do not experimented reduction of medical care volume during
the outbreak

 

 
Table 2.  Additional head and neck cancer mortality worldwide considering 40% of

reduction of medical care volume during 90-days duration of COVID-19 outbreak,
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considering a baseline time to treatment initiation according to Table 1 and literature

review.
SCENARIOS Baseline Conditions Additional Number of Death Additional

number of
death
yearly

 

  New
cases

(2018)

Number of
deaths
(2018)

Increase in medical care during the
mitigation period

 

  50% 20% 15% 10% 5% No
mitigation

 

All 705,781 358,144 7,932 13,406 16,333 22,283 40,121 47 558  

Continents                  
Africa 28,127 20,686 675 1,153 1,378 1,885 3,375 3,038  
Latin

America
48,878 24,239 1,173 2,004 2,395 3,275 5,914 5,279  

North
America

59,909 13,903 0 0 0 0 0 0  

Asia 415,606 231,326 6,650 11,221 13,715 18,702 33,664 36,573  
Europe 146,711 66,133 77 128 157 214 385 2,347  

Oceania 6,550 1,857 32 52 66 92 157 321  
Human
Development
Index

         

Very high 237,509 88,332 53 89 109 148 267 2,375  
High 154,596 80,342 569 928 1,237 1,701 2,937 6,648  

Medium 293,383 174,224 7,041 12,029 14,376 19,657 35,499 31,685  
Low 19,994 15,149 480 820 980 1,340 2,419 2,159  

 

Figures
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Figure 1

Graphic representation of the model considering two different simulations. Scenario 1 considering a
baseline time to treatment initiation (TTI) of 60 days in a facility that usually treat 100 patients per
month. During the COVID-19 outbreak the medical care volume was reduced to 50% and the service
expect an increase of 10% in medical care volume after a 90 days-period of pandemic. (A) 150 patients
waiting for treatment at the peak of the outbreak, with additional 450 days to return to the baseline
condition, during the mitigation period; (B) average additional TTI of 45 days (peak of overall 105 days),
during time to return to the baseline condition (TTI of 60 days); (C) average of 4.4% of additional risk of
dying (peak of 11.5% for overall risk) during time to return to the baseline condition (no risk); Scenario 2
considering a baseline time to treatment initiation (TTI) of 120 days in a facility that usually treat 100
patients per month. During the COVID-19 outbreak the medical care volume was reduced to 30% and the
service expect an increase of 5% in medical care volume after a 90 days-period of pandemic. (A) 210
patients waiting for treatment at the peak of the outbreak, with additional 1,260 days to return to the
baseline condition, during the mitigation period; (B) average additional TTI of 63 days (peak of overall
183 days), during time to return to the baseline condition (TTI of 120 days); (C) average of 9.4% of
additional risk of dying (peak of 37.5% for overall risk) during time to return to the baseline condition (risk
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of 16%). Note: the difference between both scenarios are not only the shape of the curves but also the
axis values.

Figure 2

First-year added risk of dying due to delay in time to treatment initiation considering the reduction of
medical care during four simulations of COVID-19 outbreak duration. These risks represent situations
without increase in medical care volume after the pandemic.
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Figure 3

First-year added risk of dying (line) and necessary time of effort to recovery (bar) due to delay in time to
treatment initiation considering the reduction of medical care during three simulations of COVID-19
outbreak duration (60, 90 and 120 days), and also de mitigation of these risks based on increase of
medical care volume after the pandemic (increase of 5%, 10%, 15%, 20% and 50%). Complete and
descriptive data of all these values are shown in Table S2 and Figure S3 (supplementary data).
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