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PURPOSE In the midst of a global pandemic, evidence suggests that similar to other severe respiratory viral
infections, patients with cancer are at higher risk of becoming infected by COVID-19 and have a poorer
prognosis.

METHODS We have modeled the mortality and the intensive care unit (ICU) requirement for the care of patients
with cancer infected with COVID-19 in Latin America. A dynamic multistate Markov model was constructed.
Transition probabilities were estimated on the basis of published reports for cumulative probability of com-
plications. Basic reproductive number (RO) values were modeled with R using the EpiEstim package. Esti-
mations of days of ICU requirement and absolute mortality were calculated by imputing number of cumulative
cases in the Markov model.

RESULTS Estimated median time of ICU requirement was 12.7 days, median time to mortality was 16.3 days after
infection, and median time to severe event was 8.1 days. Peak ICU occupancy for patients with cancer was
calculated at 16 days after infection. Deterministic sensitivity analysis revealed an interval for mortality between
18.5% and 30.4%. With the actual incidence tendency, Latin America would be expected to lose approximately
111,725 patients with cancer to SARS-CoV-2 (range, 87,116-143,154 patients) by the 60th day since the start of
the outbreak. Losses calculated vary between < 1% to 17.6% of all patients with cancer in the region.

CONCLUSION Cancer-related cases and deaths attributable to SARS-CoV-2 will put a great strain on health care
systems in Latin America. Early implementation of interventions on the basis of data given by disease modeling

could mitigate both infections and deaths among patients with cancer.
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INTRODUCTION

A new pathogen, identified as a novel coronavirus
(SARS-CoV-2), triggered a pneumonia (COVID-19)
outbreak in December 2019, starting in Wuhan,
China, and spreading quickly to 31 provinces in China
and > 186 countries worldwide. SARS-CoV-2 is a B-
coronavirus. It shares a genetic sequence and viral
structure with both severe acute respiratory syndrome
coronavirus (70% similarity), which caused 349
deaths during 2002-2003 in China, and Middle East
respiratory syndrome coronavirus (40% similarity).
As of the March 23, 2020, a total of 81,507 confirmed
cases of COVID-19, including 3,274 deaths, were
reported in mainland China, Hong Kong, Macao, and
Taiwan. A rapidly growing number of cases had also
been reported worldwide. The situation was critical
for health systems of Italy, Spain, and Iran, which
together have had > 10,200 deaths. Mortality varies
significantly according to country: 0.42% in Germany
and 9.5% and 6.6% in ltaly and Spain, respectively.

Three and a half months after the start of the pan-
demic, 6,127 cases and 83 deaths have been di-
agnosed in Latin America, with a current mortality
of 1.3%.2

The number of COVID-19 cases is still rising. The
median time from first symptoms to acute respiratory
distress syndrome (ARDS) is 8 days (interquartile
range, 6-12 days).® The transition to ARDS occurs in
many severe COVID-19 cases. A possible explanation
for this rapid and serious deterioration is the cytokine
release syndrome, or cytokine storm, an over-
production of immune cells and cytokines that leads to
rapid multi-organ system failure and fatal damage to
tissues of the lungs, kidney, and heart.* Recently, Wu
et al® described that the main risk factors related to
negative outcomes after COVID-19 infection are older
age, neutrophilia, and organ and coagulation dys-
function. A recent integrative study that included in-
formation from 46,248 COVID-19 cases confirmed
these findings, highlighting the risk of patients with
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COVID-19 in Patients With Cancer From Latin America

CONTEXT

Key Objective

SARS-CoV-2 infection represents a substantial clinical issue in patients with cancer. However, the number of cases in Latin
America has not reached a critical point, and the impact on deaths of oncologic patients has not been determined or
estimated.

Knowledge Generated

Here, we demonstrate the impact on patients with cancer in terms of both intensive care unit requirements and projected
deaths in a variety of scenarios, including a reduction, maintenance, and increase in the RO value of COVID-19 in Latin
America. These findings suggest that the reduction in the reproduction number is a feasible way to reduce cumulative
mortality. In addition, with increased cancer disease burden in the region and with incidence and mortality expected to
double by the year 2035, control of SARS-CoV-2 in the oncologic population should be a priority.

Relevance

These results should be used by decision makers and policymakers with the aim of mitigating the negative impact of the
COVID-19 pandemic.

cardiovascular comorbidity, hypertension, and chronic
lung involvement.®

Similar to other severe respiratory viral infections, patients
with cancer are more susceptible to COVID-19 infection
because of their immunosuppression state caused by the
malignancy and anticancer treatments.”® Liang et al® re-
ported 18 cases of patients with cancer and COVID-19
(1% of 1,590 patients); the most frequent neoplasm was
lung cancer (28%). Four of 16 patients with cancer and
COVID-19 had received chemotherapy or had undergone
surgery in the past month, and the other 12 were survivors
in routine follow-up after primary resection. Compared with
patients without cancer, patients with cancer and COVID-
19 were older (mean age, 63.1 years), were more likely to
have a smoking history (22%), had more polypnea/dyspnea
(47%), and had more severe baseline computed tomog-
raphy scan manifestation (94%). Remarkably, patients with
cancer were observed to have a higher risk of severe events
compared with patients without cancer (39% v 8%) even
after adjusting for other risk factors, including age, smoking
history, and other comorbidities. This suggests that cancer
history represents the highest risk factor for severe events.
In addition, patients with cancer and COVID-19 de-
teriorated more rapidly (median time to severe events, 13 v
43 days; P < .0001).

Recently, Kucharski et al'® combined a stochastic trans-
mission model with data on cases of COVID-19 in Wuhan
and international cases that originated in Wuhan to esti-
mate how transmission had varied over time since January
2020. In addition, Grasselli et al'! published a linear model
forecast to estimate critical care utilization for the outbreak
in Lombardy, Italy. In consideration of the importance of
this information and the impact on public health for Latin
America, we have modeled the mortality and intensive care
unit (ICU) requirement for the care of Hispanic patients with
cancer infected with COVID-19.
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METHODS

To estimate the number of ICU requirements per day and
per patient as well as expected mortality, a multistate
Markov model was constructed. Disease modeling con-
sisted of a simulated cohort of patients with cancer infected
with SARS-CoV-2 that could potentially traverse 4 health
states: actively infected without complications, complicated
infections (ICU requirement), recovered from infection, and
deceased. Mortality attributable to other aspects, such as
disease progression, was not considered in the model
because no report of this phenomenon was documented in
the published cohorts.*?13 Figure 1 represents the model
construction as well as the transition paths for patients. The
model was constructed using the heemod package for R
version 3.6.3 (The R Foundation, Vienna, Austria).

Transition probabilities were estimated on the basis of
published reports for cumulative probability of complica-
tions, defined by requiring ICU, mechanical ventilation, or
death. Because the behavior of probability of complication
changes depending on the number of days after devel-
opment of symptoms, a time-varying transition probability
was fitted to a distribution obtained by the behavior of an
infected cancer cohort.®2 Probability of complication was
estimated by extracting the number of patients at risk for
each event and calculating a hazard function, which was
later converted to describe transition probability. The dif-
ference between the observed and fitted distribution was
estimated with the Kolmogorov-Smirnov test. The Data
Supplement shows the estimated hazard function and fitted
probability function. Mortality as well as uneventful recovery
probabilities were estimated on the basis of published
cohorts. 1213

The number of cancer cases among infected patients was
estimated to be approximately 1.32% (95 ClI, 0.98% to
1.66%).81213 To estimate the full extent and number of
possible cancer cases, hospitalizations in the ICU, and
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FIG 1. Disease state model. C, complementary probability; pmP, probability for complication.

deaths, projections for all Latin American nations, where
data were available, were constructed. Basic reproduction
number (RO) values were modeled with R using the Epi-
Estim package. Data for parameter estimation was obtained
from the Center for Systems Science and Engineering at
Johns Hopkins University.'*® The cutoff date was March
27, 2020. Serial interval distribution was modeled after
a log-normal distribution with a mean value of 4.0 days
(standard deviation, 2.9 days).'® The mean value of the last
5 days before the construction of this model was defined as
RO for each nation (ROn). After projecting 60 days into the
future using a conservative RO of 1.5, ROn, and 0.5 added
to ROn, the total number of expected infected patients with
cancer was calculated per day. Estimation of days of ICU
requirement was calculated by imputing the number of
cumulative cases in the Markov model. Absolute mortality
was derived in the same manner.

Data Sharing

All data, including implemented R code, are available upon
request.

RESULTS

By fitting a Weibull distribution (shape, 1.5; scale, 55;
Akaike information criterion, 229.0469; P = .43) and
protracting the remaining probabilities that aimed to reach
an average mortality rate of 25%, behavior dynamics for
patients with cancer infected with SARS-CoV-2 was esti-
mated. Figure 2 shows a simulated cohort of patients and
its transition between disease states.

754 © 2020 by American Society of Clinical Oncology

As calculated by the model, compared with previously
published metrics, median time from diagnosis to death
(16.0 days; range, 9.0-22.3 days) and median time from
diagnosis to severe event (7.0 days; range, 5.0-15.0 days)*®
are concordant. RO values were estimated for 15 nations for
which data were available and enough time and cases
since initial infection had occurred. Estimated incidence
and RO variation across days after the first case are rep-
resented for all included nations in the Data Supplement.
Table 1 lists the included nations as well as the estimated
RO values and number of cases at day 60 of infection,
depending on different RO values. If a tendency of actual
incidence continues, and therefore RO, Brazil would be the
most affected nation with 27,089,291 infected patients in
60 days. Contrary to this, Uruguay would be the least af-
fected with 1,387 cases. If strict social distancing and
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FIG 2. Cohort transition and dynamics among states.
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TABLE 1. Estimated Number of Infected Patients Depending on Varying ROn

No. of Cases at 60 Days

Nation Estimated RO (ROn) RO=1.5 ROn ROn + 0.5

Argentina 2.67 22,047 3,622,857 23,163,517
Bolivia 1.99 4,066 51,452 670,321
Brazil 3.23 76,398 27,089,291 105,009,995
Chile 1.99 62,423 535,115 4,592,714
Colombia 2.27 38,045 1,178,552 8,762,273
Costa Rica 2.11 10,295 296,800 2,566,206
Cuba 1.98 9,775 146,229 2,624,372
Dominican Republic 2.30 23,264 650,515 4,414,131
Ecuador 2.13 49,293 743,599 5,686,675
Mexico 2.40 12,523 457,142 2,540,246
Panama 2.38 49,256 635,920 4,296,767
Paraguay 2.09 2,660 74,525 1,127,633
Peru 1.87 26,016 188,490 2,069,105
Uruguay 1.03 24,267 1,387 34,135
Venezuela 1.28 10,495 2,368 44,794

Abbreviations: RO, basic reproduction number; ROn, basic reproduction number per nation.

active isolation of infected individuals are enforced, with an
expectation of a reduction of RO to 1.5, Brazil would remain
the most affected nation with 76,398 cases, but a reduction
of 99.98% of total infections would be achieved. Bolivia
would benefit the least from a reduction of RO, which would
preventing 92.1% of total cases. A third scenario in which
RO increases is also presented, being catastrophic for all
nations, especially Panama, resulting in the infection of the
totality of its inhabitants. With regard to the oncologic

population, the expected number of cases on the basis of
the previously reported RO are listed in Table 2. Case
projection curves are presented for all included nations in
the Data Supplement.

In addition, the expected number of ICU days per person
computed on the basis of disease dynamics are listed in
Appendix Table Al. With taking into account time to death,
mortality, and then derived recovery rates and only con-
sidering ICU requirement and not a general hospitalization

TABLE 2. Estimated Number of Infected Patients With Cancer by Varying ROn

No. of Cases at 60 Days (range)

Nation RO=1.5 ROn ROn + 0.5

Argentina 291 (216-366) 47,822 (35,504-60,139) 305,758 (227,002-384,514)
Bolivia 54 (40-67) 679 (504-854) 8,848 (6,569-11,127)

Brazil 1,008 (749-1,268) 357,579 (265,475-449,682) 1,386,132 (1,029,098-1,743,166)
Chile 824 (612-1,036) 7,064 (5,244-8,883) 60,624 (45,009-76,239)
Colombia 502 (373-632) 15,557 (11,550-19,564) 115,662 (85,870-145,454)
Costa Rica 136 (101-171) 3,918 (2,909-4,927) 33,874 (25,149-42,599)

Cuba 129 (96-162) 1,930 (1,433-2,427) 34,642 (25,719-43,565)

Dominican Republic

307 (228-386)

8,587 (6,375-10,799)

58,267 (43,258-73,275)

Ecuador 651 (483-818) 9,816 (7,287-12,344) 75,064 (55,729-94,399)
Mexico 165 (123-208) 6,034 (4,480-7,589) 33,531 (24,894-42,168)
Panama 650 (483-818) 8,394 (6,232-10,556) 56,717 (42,108-71,326)
Paraguay 35 (26-44) 984 (730-1237) 14,885 (11,051-18,719)
Peru 343 (255-432) 2,488 (1,847-3,129) 27,312 (20,277-34,347)
Uruguay 320 (238-03) 18 (14-23) 451 (335-567)

Venezuela 139 (103-174) 31 (23-39) 591 (439-744)

Abbreviations: RO, basic reproduction number; ROn, basic reproduction number per nation.
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stay, the mean number of ICU days per person is ap-
proximately 4.1. Estimated mortality, by taking into account
rate sensitivity analysis, is listed in Appendix Table A2. The
number of deceased patients varies greatly across the
region. Even in the highest projected RO, nations such as
Uruguay and Venezuela are expected to have relatively few
cases compared with other countries.

By maintaining actual ROn values, Latin America as a re-
gion would be expected to lose approximately 111,725
patients with cancer to SARS-CoV-2 (range, 87,116-
143,154 patients) by the 60th day since the start of the
outbreak. With an estimated prevalence of cancer in the
included nations of 3,133,806 individuals,!” the various

scenarios put a loss of < 1% to 17.6% of all patients with
cancer in the region (Fig 3).

DISCUSSION

Cancer in Latin America represents an extensive disease
burden. Projections estimate that by the year 2030, there
will be an increase in cases of 72% with 78% mortality
compared with 2012 data. By that date, it is expected for
1,831,300 new cancer cases and 1,061,500 cancer-
related deaths to occur.'® With an estimate of 111,725
additional deaths of patients with cancer as a result of
severe SARS-CoV-2 infection in the next 60 days, an in-
crease of 18.5% in cancer-related deaths, compared with

0-1,000
1,001-2,000

2,001-5,000

> 5,000

N

FIG 3. Map for Latin American distribution of cases among patients with cancer and expected mortality. COVID-
19 mortality rate for patients with cancer estimated for Latin America. Circle size corresponds to number of cases.
Percentage of blue for each nation corresponds to the proportion of all patients with cancer in each nation who
could die as a result of SARS-CoV-2 on base 10. (A total blue circle therefore corresponds to 10% of all patients
with cancer.)
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2012 (603,300 deaths), is expected. These sobering
predictions further highlight the need for a strict global
registry of deceased patients with cancer in the setting of
this pandemic to obtain reliable and accurate cancer
statistics that will allow the assessment of health policies
and their impact on cancer control and mortality.

Patients with cancer are indubitably more affected by SARS-
CoV-2. In the nationwide analysis of patients with cancer
infected in China conducted by Liang et al,° an estimated
prevalence of 1% of COVID-19 cases was identified. By
comparing this value with the cancer incidence for 2015 in
China, a relative over-representation of 300% was observed,
which indicates a larger susceptibility to infection. A sig-
nificant proportion of SARS-CoV-2 infections were suspected
to have occurred in the health care setting.®” Patients with
cancer are constantly exposed to health care environments
as part of their routine care. This, in combination with an
immunologic misbalance, could help to account for the
larger incidence in the cancer population.

Another key aspect to be considered is the limited re-
sources available to patients with cancer during these
pandemic times. The expected reorganization of health
care institutions to face the challenges of a massive influx of
acute and complicated patients with COVID-19 will most
likely have an impact on the health care delivered to
nonrespiratory patients. For example, the availability and
transport of stem cells for transplantation has faced several
challenges. On the one hand, travel restrictions pose dif-
ficulty in the transportation of material and viability of the
cells. On the other hand, donor consecution has been
problematic because donors are required to assist in the
screening process as well as spend time in hospitals during
donation, increasing the risk of exposure to SARS-CoV-2.%°
As more resources are allocated to treating critical patients,
it is also understandable that shortages exist in other areas,
although this has not been the case up to this moment.*®
Anticancer treatments are associated with worse clinical
outcomes when administered within 14 days of infection.
Zhang et al'® showed a clear impact in severe event-free
probability compared with patients in whom treatment was
administered after that time frame (P = .037). Taking this
into consideration, the decision to withhold treatments
could be an observable phenomenon, especially in settings
where the risk-benefit of administration is not extensive,
such as adjuvant treatments in low-risk tumors. Fortu-
nately, recommendations such as home delivery of treat-
ments, modification of treatment schedules, and specialty
center isolation could be successfully implemented.?®

The utility of modeling disease is extensive and has been
widely documented. Its main goal is to predict and establish
disease behavior. The results from these estimations gain in
importance in times of pandemics because they offer
fundamental data useful for decision making and imple-
mentation of health policies meant to control, mitigate, and
prevent disease outbreaks. There are several challenges to

JCO Global Oncology

disease modeling in real time. First, there are ethical issues
related to the use of surveillance data that can generate
data-sharing limitations. Opportunely, data availability on
COVID-19 for modeling and monitoring has not been an
issue. On the other hand, model interpretation is also
a complex process in which misinterpretation can lead to
erroneous decisions.?! Another delicate aspect to consider
is data quality and adequate reports. Although data are
available for all examined nations, it is difficult to evaluate
the degree of under-registration samples. Testing strategy
implementation is different in each nation, and accessibility
is not universal.?? Each Latin American nation has con-
ducted different plans of action for the detection and
definition of candidates for the application of tests. Taking
this into consideration, the number of incident cases could
be unreliable, and therefore an absolute estimation is
uncertain. To compensate for this aspect, this study offers
intervals for which decision makers could influence their
conduct. Other difficulties, especially in the estimation of
mortality, lie on the different demographics of cancer co-
horts. Patients with cancer tend to be older and to suffer
from more comorbidities than the average COVID-19 pa-
tient, with an increased risk of complications and death
beyond the cancer comorbidity itself.%!® Estimation of the
effect of variability of cohort composition is difficult with the
limited information available of infected patients with
cancer. Furthermore, Latin America has a different de-
mographic of patients with cancer, especially with an
infection-related diagnosis, which leads to a younger on-
cologic population.'®* To compensate for this variation,
deterministic sensitivity analysis in mortality was in-
corporated, and values within ranges were given. Although
ideally, other forms of sensitivity analyses can be con-
ducted, because of variable uncertainty, these approxi-
mations could be equivocal, especially in resampling
distributions among demographic characteristics.

Interesting discrepancies can also be observed. In the case
of Mexico, a nation with an estimated RO of 2.4, a relatively
smaller number of expected cases is observed. Taking into
account a low initial RO value as well as a small number of
cases at day 28, after the projections were estimated, only
32 days of exponential growth at that rate were observed.
Compared with Ecuador, in which 1,403 cases were di-
agnosed at day 26, results in 34 days of growth with an RO
of 2.13 yielded a much higher case number at day 60.
Possible explanations for an initial low count of cases could
include underdiagnosis of early cases.

Other aspects to consider include ventilator and ICU bed
availability. To this day, and to our knowledge, no rigorous
and recent publication discussing the situation on ICU
availability for Latin America exists. Conducts derived from
the information contained in this article should fall to local
health authorities. With regard to interventions that could
mitigate the impact of this pandemic, social distancing and
patient isolation seem to be the most effective ways of
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diminishing RO values and reducing the impact on the
number of infections, which protracts this benefit toward
patients with cancer.'©

In conclusion, cancer-related cases and deaths attributable
to SARS-CoV-2 will put a great strain on health care systems
in Latin America. Although up to this point experiences
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from around the world have shown that the limits of health
care delivery will be pushed, patients with cancer are at
a greater risk for complications. On a more positive note, the
early application of interventions on the basis of data given
by disease modeling could mitigate both infections and
deaths among patients with cancer.
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APPENDIX

Ruiz-Patifio et al

TABLE A1. Estimated Number of Cumulative ICU Days Per Person for All Affected
Patients With Cancer by Varying RO Values

No. of Cumulative ICU Days Per

Person at 60 Days

Nation Estimated RO (ROn) RO =1.5 ROn ROn + 0.5
Argentina 2,67 1,191 195,838 1,252,153
Bolivia 1.99 220 2,779 36,211
Brazil 3.23 4,127 1,463,389 5,672,740
Chile 1.99 3,372 28,907 248,103
Colombia 2.27 2,055 63,667 473,346
Costa Rica 2.11 556 16,033 138,629
Cuba 1.98 528 7,899 141,771
Dominican Republic 2.3 1,257 35,141 238,456
Ecuador 2.13 2,663 40,170 307,200
Mexico 2.4 677 24,695 137,227
Panama 2.38 2,661 34,353 232,115
Paraguay 2.09 144 4,026 60,916
Peru 1.87 1,405 10,182 111,775
Uruguay 1.03 1,311 75 1,844
Venezuela 1.28 567 128 2,420

Abbreviations: ICU, intensive care unit; RO, basic reproduction number; ROn,
basic reproduction number per nation.

TABLE A2. Estimated Number of Deceased Patients With Cancer by Varying RO Values
No. of Deceased Patients at 60 Days (range)

Nation RO=1.5 ROn ROn + 0.5
Argentina 73 (54-83) 11,955 (8,847-14,538) 76,440 (56,565-92,951)
Bolivia 13 (10-16) 170 (126-206) 2,212 (1,637-2,690)
Brazil 252 (187-307) 89,395 (66,152-108,704) 346,533 (256,4364-421,384)
Chile 206 (152-250) 1,766 (1,307-2,147) 15,156 (11,215-18,430)
Colombia 126 (93-153) 3,889 (2,878-4,729) 28,916 (21,397-35,161)
Costa Rica 34 (25-41) 979 (725-1,191) 8,468 (6,267-10,298)
Cuba 32 (24-39) 483 (357-587) 8,660 (6,409-10,531)
Dominican Republic 77 (57-93) 2,147 (1,589-2,610) 14,567 (10,779-17,713)
Ecuador 163 (120-198) 2,454 (1,816-2,984) 18,766 (13,887-22,819)
Mexico 41 (31-50) 1,509 (1,116-1,834) 8,383 (6,203-10,193)
Panama 163 (120-198) 2,099 (1,553-2,552) 14,179 (10,493-17,242)
Paraguay 9 (6-11) 246 (182-299) 3,721 (2,754-4,525)
Peru 86 (64-104) 622 (460-756) 6,828 (5,053-8,303)
Uruguay 80 (59-97) 5 (3-6) 113 (83-137)
Venezuela 35 (26-42) 8 (6-10) 148 (109-180)

Abbreviations: RO, basic reproduction number; ROn, basic reproduction number per nation.
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