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abstract

PURPOSE Because of the global COVID-19 pandemic, health care organizations introduced guidelines for
modifications to health and cancer medical care delivery to mitigate transmission and ensure quality health
outcomes. To examine the extent and impact of these modifications on oncology service disruptions in Nigeria,
we surveyed oncology patients across selected public and private cancer treatment centers.

MATERIALS AND METHODS Participating in the study were 15 tertiary cancer treatment centers across 12
Nigerian states. We recruited adult patients with cancer (18+ years) on active treatment to complete a self-
administered survey on cancer care during COVID-19. We conducted descriptive and multivariate data analysis
using Stata 16.1.

RESULTSRespondents were (n = 1,072), female (65.7%), ages 18-49 years (50.3%), andmarried (80.7%). The
top two cancers were breast and prostate. Overall, 17.3% of respondents reported disruptions to cancer care,
and more than half (51.0%) reported difficulties accessing care. Changes in chemotherapy regimens or route of
administration were reported in 8.4% of respondents. Odds for any disruption were highest for older patients,
western states, patients with prostate cancer, and patients with two or more flu symptoms. Odds for radiotherapy
cancellation were highest for older patients, those with prostate cancer, and those with medium service
perception.

CONCLUSION This study investigated COVID-19–influenced cancer treatment disruptions in Nigeria. Patients
with cancer experienced significant disruptions to cancer care. Vulnerable patients are most likely to be
negatively affected. Policies and strategies aimed at minimizing service disruptions while maintaining cancer
patients’ safety should be a priority for all health care institutions in the COVID-19 era.
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BACKGROUND

In 2019, a cluster of patients with a pneumonia-like
illness was reported to the WHO Country Office in
Wuhan, a city in Central China. This signaled the be-
ginning of the global COVID-19 pandemic.1 This
pneumonia was linked to a causative novel strain of
coronavirus, initially named novel coronavirus (2019-
nCov) and later renamed SARS-CoV-2, and the disease
was termed COVID-19. On January 30, 2020, the WHO
declared the current novel COVID-2019 epidemic a
public health emergency of international concern.2

The pandemic heralded an unprecedented period of
disruption in global health and economic activities.3

Since its emergence, COVID-19 has presented a
significant challenge to health care access globally,
pushing treatment to the margins or on hold for many
chronic conditions including cancer. The mitigation
measures put in place across the world to halt the

spread of the virus also resulted in diverted attention
and care for chronically ill patients.4 Many of the
protective measures resulted in delays and disruptions
to health care services, possibly posing a risk to sur-
vival for the patients with cancer.5

Several health care and cancer treatment facilities and
governing bodies created guidelines for the care of
patients during this period for the protection of both the
patient and the physician.6 Treatments and clinical
visits were canceled, postponed, adjusted, or modified
to reduce exposure to patients and physicians.7 To
curb the spread of the virus, the Nigerian Government,
like many governments, put in place lockdowns in
major states and cities. Major metropolitan areas
across states, such as Lagos, Ogun, Rivers, Kano, and
the Federal Capital Territory in Abuja, went into full
lockdown, invariably creating difficulties with access to
care for patients. By December 2020, Nigeria had
recorded more than 97,000 cases of COVID-19 with 1,
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500 deaths, for a mortality rate of 1.49%.8 A total of 42,161
cases of COVID-19 were recorded in the 12 states covered
in this study or approximately 68.5% of the reported total
caseload for Nigeria.8

This project assessed patient-reported impact of the COVID-
19 pandemic on access to cancer care across the three
major geopolitical zones in Nigeria: North, South, and West.
We assessed patient-reported service disruptions and the
patients’ perception of the impact of these changes on their
cancer care. We also investigated patient knowledge of
COVID-19 transmission and presentation and their per-
ceptions of the virus and disease in relation to cancer care.

MATERIALS AND METHODS

Study Area

Nigeria is the most populous country in Africa with an
estimated population of 200 million people, reporting an
estimated 124,815 new cancer cases and 78,889 cancer-
related deaths in 2020 alone.9 There are 54 health care
centers in Nigeria providing tertiary-level health care ser-
vices, with nine of them being classified as comprehensive
cancer centers. Of these, eight centers had radiotherapy
machines at the time of this study.10 Participating in this
study were 15 centers located in 12 states across all six
geopolitical zones in Nigeria. All participating centers offer
tertiary-level expert cancer care. Of the centers, 12 are
government-owned public hospitals offering tertiary-level
health care services, of which nine are academic health
centers, two centers are private cancer centers, and one
center is a public-private partnership structured institution
attached to one of the oldest and foremost government-
owned academic health centers in the country. The par-
ticipating centers were grouped into North, South, and
West on the basis of geopolitical divides.

The nine government-owned participating academic health
centers include the National Hospital Abuja (North);

Ahmadu Bello University Teaching Hospital, Zaria (North);
Usman Danfodiyo University Teaching Hospital, Sokoto
(North); NSIA-LUTH Cancer Centre, Lagos (South); Uni-
versity College Hospital, Ibadan Oyo State (South); Lagos
State University Teaching Hospital (South); University of
Nigeria Teaching Hospital, Enugu (South); University of
Port-Harcourt Teaching Hospital, Rivers State (South); and
University of Benin Teaching Hospital, Benin (South). Four
centers are government-owned, nonacademic health
centers: Federal Medical Center Abeokuta, Ogun state
(South West); Federal Teaching Hospital Abakaliki, Ebonyi
state (South East); Federal Teaching, Gombe state (North
East); and Federal Medical Center, Makurdi (North Cen-
tral). Two health centers are privately owned centers of-
fering expert cancer services: Lakeshore Cancer Center,
Lagos (South West) and Eko Hospital, Lagos (South West).

Study Design

This multicenter cross-sectional survey-based study was
carried out in 15 centers across three major geopolitical
zones in Nigeria: North, South, and West. One center was
randomly selected from each zone. We obtained institu-
tional review board approval for the study from the National
Health Research and Ethics Committee of Nigeria.

All adult patients (≥ 18 years) with histologically diagnosed
cancer and on active treatment being seen at participating
centers during the study period (April 2020 to July 2020)
were approached by a study investigator for each site.
Patients who had not commenced treatment for cancer or
who had completed their full course of cancer treatment
were excluded.

We provided a uniform self-administered paper-based
survey questionnaire to consenting patients on clinical
days at all participating centers during the study period.
The survey tool was designed by the research team and
assessed self-reported presence of possible COVID-19

CONTEXT
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Knowledge Generated
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symptoms, knowledge of modes of transmission and signs
or symptoms of COVID-19, use of protective personal
equipment by medical staff, protective measures instituted
by respective centers, and disruptions of cancer care
services. The survey assessed patient’s perception of
cancer-specific treatment disruptions as its primary out-
come. We designed and adapted survey questions from the
literature to the Nigerian context.11-14 The survey tool eli-
cited information regarding the sociodemographic profile,
location, and clinical history (including cancer type and
treatment given) of study participants. Investigators for all
15 centers reviewed the instrument, which was pretested
on 30 participants with cancer at the NSIA-LUTH Cancer
Centre in Lagos. We modified the tool on the basis of the
results of the pretest.11-14

Service Disruptions

We explored three different service interruptions as re-
ported by patients on treatment for cancer as the primary
outcome: disruptions to radiotherapy, disruptions to che-
motherapy, and change in chemotherapy administration
route from injection to oral using the uniform self-
administered patient survey tool. We also assessed any
occurrence of any kind of service disruption at all as a
composite outcome (defined as the presence of at least one
service disruption). Assessed variables included difficulties
experienced accessing care and satisfaction with care
received during the pandemic. Perception about the im-
pact of COVID-19 on related service access was measured
by asking questions that assessed whether there was ad-
equate personal protective equipments, whether it was
difficult to access cancer care because of lockdown
measures, whether it was difficult to reach/access their
doctors, and whether it was difficult to get a treatment
prescription. If participants responded yes, they were
assigned a score of 1, and if the response was no, they were
assigned a score of 0. If the total score was 0-1, the per-
ceived adverse impact of COVID-19 on cancer treatment
service provision was regarded as low, 2 as medium, and 3-
4 was regarded as high.

Independent Variables

We examined explanatory variables including patient soci-
odemographic characteristics such as age (18-49, ≥ 50
years), sex (female or male), marital status (single, married,
or divorced/widowed), ethnicity (Hausa, Igbo, Yoruba, or
others), religion (Christianity, Islam, Atheism, or others), level
of education attained (no education, primary, secondary, or
tertiary), andmonthly household income (, $100 US dollars
[USD], $100-$500 USD, or . $500 USD per month).
Clinical data, including the type of cancer and any comor-
bidity, were also included.

Statistical Analysis

Descriptive statistics using univariate analysis, bivariate
analysis using Fisher’s exact test, and multivariable ana-
lyses using multiple logistic regression were performed to

examine the association between service disruptions and
COVID-19–related factors among patients with cancer in
Nigeria. We used Fisher’s exact test for bivariate analysis
because some categories of variables had sparse data. We
used penalized (Firth’s) logistic regression models for
multivariable analysis to account for small-sample bias with
our sparse data problem.15-17 Sociodemographic variables
included in the multivariable model were age, sex, religion,
ethnicity, marital status, regions of residence, education,
cancer type, and comorbidities. All analyses were per-
formed using Stata 16.1 (StataCorp, 2019).18

RESULTS

A total of 1,337 patients with cancer attending oncology
clinics at the study centers were approached for the study,
of which 1,179 patients consented to participate in the
study, and a final of 1,072 surveys were completely filled
and used for the study, resulting in a response rate of
80.7%.

Sociodemographic Characteristics of Patients

With Cancer

Table 1 presents the sociodemographic characteristics of
patients with cancer who consented to survey participation.
Amajority of participants were 18-49 years (50.3%), female
(65.7%), Christian (77.5%), married (78.5%), had a
monthly household income of $100-$500 USD (58.2%),
and reported no comorbidities (69.8%). Of the participants,
two fifths were of Igbo ethnicity (40.8%), and most had
secondary education or higher. Survey participants were
distributed equally across the three major geopolitical re-
gions of Nigeria.

Table 1 also highlights regional differences for patients with
cancer. Age differences existed by region, with Northern
and Southern patients younger than those from the West.
Most female patients had breast cancer, were Christian,
were married, and had a reported monthly household in-
come of $100-$500 USD across all regions. Ethnicity for
the South was mostly Igbo (75.8%), whereas majority of
patients in the West were Yoruba (63.9%). Overall, the
South and West had higher levels of education compared
with the North. Majority of respondents from the South
reported the highest annual household incomes. More than
half of the respondents reported having none of the listed
possible symptoms of COVID-19 at the time of the study;
27% reported having one symptom, and 8.1% reported two
or more symptoms.

Service Disruption and Cancellation Experienced by

Patients With Cancer

Almost one in five patients (17.4%) reported any disrup-
tions in cancer care because of COVID-19 mitigation
measures (Fig 1). Cancellations occurred in radiotherapy
(9.8%) and chemotherapy (9.7%); , 10% of respondents
reported changing chemotherapy from injection to an oral
route of administration.

Cancer Patient’s Perspective During COVID-19 Pandemic

JCO Global Oncology 3



Table 2 summarizes the results from the bivariate analyses
of associations between different covariates and service
disruptions because of COVID-19 for treatment types. Any

disruption in cancer care services because of COVID-19
occurred more often among respondents age ≥ 50 years
(P = .001), of the Islamic faith (P = .001), Yoruba ethnicity

TABLE 1. Sociodemographic Characteristics of Patients With Cancer (N = 1,072)

Characteristic

Regions

Total (N = 1,072)
% (No.)

North (n = 256)
% (No.)

South (n = 392)
% (No.)

West (n = 424)
% (No.) P

Age group, years .016

18-49 56.3 (144) 51.8 (203) 45.3 (192) 50.3 (539)

50+ 43.7 (112) 48.2 (189) 54.7 (232) 49.7 (533)

Sex .061

Female 71.5 (183) 64.8 (254) 62.7 (266) 65.7 (703)

Male 28.5 (73) 35.2 (138) 37.3(158) 34.3 (369)

Religion < .001a

Islam 48.8 (125) 1.8 (8) 25.8 (109) 22.5 (242)

Christianity 51.2 (131) 98.2 (384) 74.2 (315) 77.5(830)

Ethnicity < .001a

Hausa 35.2 (90) 2.3 (9) 5.4 (23) 11.4 (122)

Igbo 13.3 (34) 75.8 (297) 25.0 (106) 40.8 (437)

Yoruba 11.7 (30) 8.9 (35) 63.9 (271) 31.3 (336)

Others 39.8 (102) 13.0 (51) 5.7 (24) 16.5 (177)

Marital status .001a

Single 9.8 (25) 16.6 (65) 9.7 (41) 12.1 (131)

Married 76.6 (196) 77.0 (302) 80.7 (342) 78.5 (840)

Divorced/widowed 13.8 (35) 6.4 (25) 9.7 (41) 9.4 (101)

Education < .001a

No education 21.5 (55) 2.0 (8) 2.4 (10) 6.8 (73)

Primary education 10.2 (26) 11.5 (45) 9.4 (40) 10.3 (111)

Secondary education 27.0 (69) 45.7 (179) 48.1(204) 42.2 (452)

Tertiary education 41.4 (106) 40.8 (160) 40.1(170) 40.7 (436)

Monthly household income, USD < .001a

, $100 43.8 (112) 27.0 (106) 41.0 (174) 36.6 (392)

$100-$500 48.8 (125) 70.2 (275) 52.8 (224) 58.2 (624)

. $500 7.4 (19) 2.8 (11) 6.1 (26) 5.2 (56)

Cancer types (by body systems) < .001a

Genitourinary 23.8 (61) 8.7 (34) 13.2 (56) 14.1 (151)

Breast 30.1 (77) 37.0 (145) 41.0 (174) 36.9 (396)

Prostate 3.1 (8) 12.8 (50) 12.5(50) 36.9 (396)

Respiratory 7.4 (19) 6.6 (26) 5.7 (24) 6.4 (69)

Gastrointestinal 10.6 (27) 6.6 (26) 11.1 (47) 9.3 (100)

Others 25.0 (64) 28.3 (111) 16.5 (70) 22.9 (245)

Comorbidities < .001a

0 61.3 (157) 76.8 (301) 68.4 (290) 69.8 (748)

1 31.6 (81) 21.2 (83) 24.5 (105) 25.1 (269)

2+ 7.0 (18) 2.0 (8) 6.8 (29) 5.1 (55)

NOTE. Bold text indicates P value , .05 is statistically significant.
Abbreviation: USD, US dollars.
aP value was derived from Fisher’s exact test.
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(P , .001), residents of Western region (P = .027), sec-
ondary education (P = .039), and a monthly household
income , $100 USD (P , .001).

A similar pattern existed for radiotherapy cancellations.
Older respondents age ≥ 50 years (P = .016), of the Islamic
faith (P , .001), Hausa ethnicity (P , .001), married
(P = .015), living in the Northern region (P , .001), with
minimal education (P , .001), and an annual household
income , $100 USD (P , .001) experienced increased
rates of canceled radiotherapy appointments.

Similar results were noted for respondents reporting can-
celed chemotherapy appointments in terms of age
(P = .003), religion (P = .020), and annual household
income (P , .001), but they differed by ethnicity and re-
gion. There also appeared to be an association between
individuals reporting having their chemotherapy canceled
and low levels of perceived service provision (P , .001).

Modifications to chemotherapy regimens, specifically
changing chemotherapy from injection to an oral route of
administration, occurred more often among respondents
who lived in the Southern region (P, .001), had secondary
education (P , .001), or who had no comorbidities
(P = .027).

Multivariate Analysis of Service Cancellation

Figure 2 displays multivariate analysis results of service
disruptions and cancellations because of COVID-19 for
Nigerian patients with cancer (Table 3). A detailed sup-
plementary table with odds ratios and confidence intervals
is presented (Appendix Table A1). The odds of experi-
encing a radiotherapy cancellation were highest for patients
with prostate cancer, older patients, patients with amedium
service perception, and those reporting two or more flu-like
symptoms. For chemotherapy cancellation, odds of an

appointment being canceled were higher for older patients,
residents of the Western region, and those with low service
perception (Fig 2A).

The odds for changing chemotherapy route from injection to
oral were highest for residents of the South region, patients
with prostate cancer, those with one or more comorbidities
(symptoms), and those experiencing high COVID effect
(Fig 2B). Overall, odds for experiencing any disruption were
highest for older patients, residents of the West, patients with
prostate cancer, those with comorbidities/symptoms, and
those with low/medium service perception.

DISCUSSION

The COVID-19 pandemic has been described as one of the
greatest challenges faced in recent years because of the
severe impact on social, economic, and health care sys-
tems worldwide.4 Efforts to mitigate the spread of this virus
has been a top priority for public health experts and pro-
fessionals, with measures such as social distancing, im-
proved personal hygiene, frequent handwashing with soap
and water, use of alcohol-based hand sanitizers, and
avoidance of crowded areas. Countrywide measures such
as cancellation of air travel, closure of borders, enforcement
of lockdowns of cities and states, and cancellation of social
gatherings have been imposed in a bid to prevent the
spread of COVID-19. The Nigerian Government, like other
governments worldwide, instituted lockdowns in major
cities as a means to reduce transmission of the virus in May
2020.19 As of December 2020, a total of 62,170 cases were
recorded in the 12 states covered in this study or ap-
proximately 73.65% of the reported total case load for
Nigeria.8

The impact on health care extended to the oncology
centers with cancellation or postponements of treatments
and the move to remote care, all in an effort to reduce

9.8

9.7

8.4

17.4

0 2 4 6 8 10 12 14 16 18 20

Radiotherapy

Chemotherapy

Injection Chemotherapy

Any Interruption

Percent

FIG 1. Service disruption experienced by
patients with cancer.
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TABLE 2. Bivariate Analysis of Service Disruption for Patients With Cancer in Nigeria

Characteristic

Canceled Radiotherapy
(N = 377)

Canceled Chemotherapy
(N = 713)

Injection Chemotherapy
Changed to Oral Route

(N = 756) Any Disruption (N = 860)

No
% (No.)

Yes
% (No.)

No
% (No.)

Yes
% (No.)

No
% (No.)

Yes
% (No.)

No
% (No.)

Yes
% (No.)

Age group, years P = .016a P = .003a P = .293a P = .001a

18-49 47.9 (163) 27.0 (10) 52.2 (336) 33.3 (23) 50.4 (349) 42.9 (27) 51.6 (367) 36.9 (55)

50+ 52.1 (177) 73.0 (27) 47.8 (308) 66.7 (46) 49.6 (344) 57.1 (36) 48.4 (344) 63.1 (94)

Sex P = .379a P = .586a P = .672a P = 1.000a

Female 61.8 (210) 54.1 (20) 68.9 (444) 72.5 (50) 69.1 (479) 66.7 (42) 66.8 (475) 67.1 (100)

Male 38.2 (130) 45.9 (17) 31.1 (200) 27.5 (19) 30.9 (214) 33.3 (21) 33.2 (236) 32.9 (49)

Religion P < .001a P = .020a P = .106a P = .001a

Islam 19.5 (66) 67.6 (25) 20.4 (131) 33.3 (23) 21.8 (151) 12.7 (8) 20.7 (147) 33.6 (50)

Christianity 80.5 (273) 32.4 (12) 79.6 (512) 66.7 (46) 78.2 (541) 87.3 (55) 79.3 (563) 66.4 (99)

Ethnicity P < .001a P < .001a P = .449a P < .001a

Hausa 12.1 (41) 56.8 (21) 9.3 (60) 11.6 (8) 9.7 (67) 7.9 (5) 10.7 (76) 18.8 (28)

Igbo 40.9 (139) 16.2 (6) 43.4 (280) 18.8 (13) 41.4 (287) 49.2 (31) 43.0 (306) 29.5 (44)

Yoruba 33.5 (114) 13.5 (5) 30.1 (194) 59.4 (41) 32.5 (225) 33.3 (21) 29.7 (211) 41.6 (62)

Others 13.5 (46) 13.5 (5) 17.1 (110) 10.1 (7) 16.5 (114) 9.5 (6) 16.6 (118) 10.1 (15)

Marital status P = .015a P = .712a P = .521 P = .742

Single 9.4 (32) 16.2 (6) 10.6 (68) 7.3 (5) 9.9 (69) 12.7 (8) 10.4 (74) 12.1 (18)

Married 81.5 (277) 62.2 (23) 79.5 (512) 84.1 (58) 80.1 (555) 81.0 (51) 80.0 (569) 77.9 (116)

Divorced/widowed 9.1 (31) 21.6 (8) 9.9 (64) 8.7 (6) 9.9 (69) 6.3 (4) 9.6 (68) 10.0 (15)

Region P = .001a P < .001a P < .001a P = .027a

North 25.7 (87) 56.8 (21) 27.3 (175) 11.8 (8) 26.7 (184) 7.9 (5) 28.4 (201) 19.6 (29)

South 32.5 (110) 13.5 (5) 33.4 (214) 16.2 (11) 30.4 (209) 57.1 (36) 31.8 (225) 29.7 (44)

West 41.7 (141) 29.7 (11) 39.2 (251) 72.1 (49) 42.9 (295) 34.9 (22) 39.8 (281) 50.7 (75)

Education P < .001a P = .513a P < .001a P = .036a

None 6.8 (23) 27.0 (10) 5.6 (36) 5.8 (4) 5.8 (40) 1.6 (1) 6.1 (43) 8.7 (13)

Primary 8.2 (28) 27.0 (10) 10.6 (68) 13.1 (9) 11.1 (77) 12.7 (8) 10.0 (71) 15.4 (23)

Secondary 38.5 (131) 21.6 (8) 42.1 (271) 33.3 (23) 38.4 (266) 65.1 (41) 38.8 (276) 41.6 (62)

Tertiary 46.5 (158) 24.3 (9) 41.8 (269) 47.8 (33) 44.7 (310) 20.6 (13) 45.1 (321) 34.2 (51)

Income, USD P < .001a P < .001a P = .486a P < .001a

, $100 30.9 (105) 70.3 (26) 33.2 (214) 58.0 (40) 35.8 (248) 42.9 (27) 32.9 (234) 56.4 (84)

$100-$500 61.5 (209) 29.7 (11) 61.0 (393) 39.1 (27) 58.6 (406) 53.9 (34) 61.0 (434) 41.6 (62)

. $500 7.7 (26) 0.0 (0) 5.8 (37) 2.9 (2) 5.6 (39) 3.2 (2) 6.1 (43) 2.0 (3)

Cancer types (by body systems) P = .036a P = .070a P = .193a P = .111a

Genitourinary 16.2 (55) 13.5 (5) 13.5 (87) 10.1 (7) 13.7 (95) 6.4 (4) 14.2 (101) 9.4 (14)

Breast 36.2 (123) 18.9 (7) 42.7 (275) 46.4 (32) 42.0 (291) 41.3 (26) 39.9 (284) 40.3 (60)

Prostate 16.2 (55) 16.2 (6) 9.6 (62) 10.1 (7) 9.8 (68) 14.3 (9) 10.6 (75) 12.1 (18)

Respiratory 7.7 (26) 2.7 (1) 7.3 (47) 0.0 (0) 6.9 (48) 4.8 (3) 7.0 (50) 2.7 (4)

Gastrointestinal 5.9 (20) 13.5 (5) 9.2 (59) 15.9 (11) 10.1 (70) 6.4 (4) 9.6 (68) 10.7 (16)

Others 17.9 (61) 35.1 (13) 17.7 (114) 17.4 (12) 17.5 (121) 27.0 (17) 18.7 (133) 24.8 (37)

Comorbidities P = .257a P = .016a P = .027a P = .862a

0 64.4 (219) 51.4 (19) 70.2 (452) 53.6 (37) 66.8 (463) 82.5 (52) 67.4 (479) 65.8 (98)

1 29.7 (101) 40.5 (15) 23.6 (152) 36.2 (25) 26.3 (182) 15.9 (10) 26.6 (189) 28.9 (43)

2+ 5.9 (20) 8.1 (3) 6.2 (40) 10.1 (7) 6.9 (48) 1.6 (1) 6.1 (43) 5.4 (8)

Total 100.0 (340) 100.0 (37) 100.0 (644) 100.0 (69) 100.0 (693) 100.0 (63) 100.0 (711) 100.0 (149)

NOTE. Bold text indicates P value , .05 is statistically significant.
Abbreviation: USD, US dollars.
aP value was derived from Fisher’s exact test.
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spread and protect the patients and the health care pro-
fessionals. Early studies had initially reported a possible
higher risk of infection in patients on treatment for cancer,
and many organizations released guidelines to direct
changes to health care structures that would prevent
transmission of the virus while trying to maintain care
delivery to patients.20 Physical clinical visits were canceled,
postponed, or changed to remote sessions with the use of
virtual interaction technology; frequency of visits were re-
duced; many conventional radiotherapy regimens were
altered to hypofractionated regimens; parenteral chemo-
therapy, where possible, was changed to oral; and non-
emergent and elective procedures were postponed.21,22

Striving to find a balance between delivering optimal
cancer care and mitigating risk of infection spread for
patients and health care workers became a priority for
oncologists and public health experts, with varying rec-
ommendations from within and outside the country.23,24

Nigeria, a resource-constrained, lower middle-income
country has long struggled with limited oncology centers
and facilities, inadequate infrastructure, and insufficient
expert oncology manpower, all of which have resulted in
documented gaps in cancer care even before the COVID-
19 era.25,26 There are 54 health care centers in Nigeria
providing tertiary-level health care services, with nine of
them being classified as comprehensive cancer centers. Of
these, eight centers had radiotherapy machines at the time
of this study.27 As a result, patients with cancer often have
to make interstate journeys to access expert and com-
prehensive oncology services.

This study evaluated patient-reported disruptions to cancer
care during the first wave of the COVID-19 pandemic in
Nigeria. Patient-reported outcomes have been documented

to be more reflective of health status than clinical reporting,
aiding clinicians in identifying patient needs and instituting
appropriate interventions to improve patient satisfaction
with care.28 We surveyed 1,079 patients with nationwide
across 15 centers in the country to determine the impact
the pandemic and the accompanying mitigation strategies
had on access to care and cancer services across the three
major geopolitical zones in Nigeria—North, South, and
West. Patients from Northern, Southern, and Western re-
gions accounted for 23.9%, 36.6%, and 39.5% of the study
population, respectively. The high proportion of patients
from the Western region, including states such as Lagos
State, can be attributed to the presence of a comprehensive
cancer center within the state that serves as a referral
center for patients within and outside Nigeria. In the
Northern region, Abuja state has the only functioning ra-
diotherapy machines, and the lockdown instituted in the
state in April 2020 is likely the reason for the lower pro-
portion of patients seen in that region. The authors believe
assessing this impact from a patient perspective would be
valuable to drive improvements in cancer care delivery in
the pandemic era.29

There was a preponderance of female respondents
(65.7%), with breast cancer being the most prevalent
cancer type recorded among respondents (37.3%). This is
in line with the reported incidence of cancer in Nigeria,
where women accounted for 66%-66.4% of patients with
cancer in the population-based cancer registries covering a
2-year period from 2009 to 2010.30 Comorbidities were
noted in 30.2% of respondents, similar to a 2018 study by
Salako et al31 showing a 26.9% prevalence of comorbidities
among surveyed patients with cancer in Nigeria.
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FIG 2. Multivariable analysis results.
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TABLE 3. Multivariate Analysis of Service Disruption

Characteristic

Canceled Radiotherapy (N = 348) Canceled Chemotherapy (N = 660)
Injection Chemotherapy Changed to

Oral Route (N = 750) Any Disruption (N = 854)

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Age group, years

18-49 1.00 — — 1.00 — — 1.00 — — 1.00 — —

50+ 2.08 0.96 to 4.48 .063 2.02* 1.16 to 3.51 .013 1.28 0.74 to 2.21 .383 1.80** 1.20 to 2.70 .005

Sex

Female 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Male 1.53 0.70 to 3.33 .289 0.73 0.37 to 1.43 .356 1.11 0.58 to 2.12 .760 0.89 0.55 to 1.45 .637

Religion

Islam 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Christianity 0.33* 0.14 to 0.77 .010 0.70 0.38 to 1.32 .273 1.51 0.68 to 3.34 .312 0.55* 0.33 to 0.90 .017

Ethnicity

Hausa 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Igbo 0.99 0.39 to 2.52 .978 1.04 0.45 to 2.42 .924 1.45 0.62 to 3.43 .393 0.61 0.32 to 1.19 .146

Yoruba 0.78 0.32 to 1.86 .569 2.42* 1.11 to 5.27 .025 2.71* 1.15 to 6.40 .022 1.23 0.67 to 2.25 .509

Others 2.78* 1.11 to 7.00 .030 2.63* 1.09 to 6.34 .031 2.48 0.98 to 6.25 .055 1.25 0.64 to 2.44 .942

Marital status

Single 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Married 1.14 0.46 to 2.81 .771 2.25 0.94 to 5.41 .069 1.78 0.83 to 3.81 .139 1.02 0.57 to 1.85 .942

Divorced/widowed 2.73* 1.00 to 7.42 .050 1.52 0.58 to 4.02 .395 1.96 0.75 to 5.12 .168 1.02 0.48 to 2.15 .968

Region

North 1.00 — — 1.00 — — 1.00 — — 1.00 — —

South 1.20 0.48 to 3.05 .696 2.35* 1.02 to 5.42 .044 5.49*** 2.44 to 12.32 , .001 2.64** 1.43 to 4.86 .002

West 1.18 0.53 to 2.62 .681 4.54*** 2.15 to 9.58 , .001 2.11 0.94 to 4.74 .070 2.16** 1.24 to 3.75 .006

Education

No education 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Primary education 3.43** 1.41 to 8.33 .006 2.86* 1.17 to 6.98 .021 4.31** 1.70 to 10.91 .002 1.90 0.95 to 3.83 .071

Secondary
education

1.59 0.67 to 3.79 .293 2.38* 1.04 to 5.42 .039 6.26*** 2.67 to 14.69 , .001 1.84 0.96 to 3.54 .066

Tertiary education 0.97 0.41 to 2.27 .935 3.28** 1.45 to 7.44 .004 1.81 0.75 to 4.39 .189 1.33 0.69 to 2.58 .392

(Continued on following page)
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TABLE 3. Multivariate Analysis of Service Disruption (Continued)

Characteristic

Canceled Radiotherapy (N = 348) Canceled Chemotherapy (N = 660)
Injection Chemotherapy Changed to

Oral Route (N = 750) Any Disruption (N = 854)

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Income, USD

, $100 1.00 — — 1.00 — — 1.00 — — 1.00 — —

$100-$500 0.66 0.33 to 1.32 .238 0.49** 0.29 to 0.84 .009 0.94 0.55 to 1.63 .837 0.49*** 0.33 to 0.72 , .001

. $500 1.10 0.39 to 3.13 .861 0.90 0.37 to 2.19 .823 1.70 0.67 to 4.31 .268 0.63 0.29 to 1.37 .244

Cancer types
(by body
systems)

Genitourinary 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Breast 2.13 0.90 to 5.07 .086 2.78** 1.38 to 5.59 .004 3.16** 1.54 to 6.48 .002 2.56** 1.46 to 4.48 .001

Prostate 3.55** 1.37 to 9.16 .009 2.76* 1.13 to 6.76 .026 4.06** 1.71 to 9.65 .002 3.19** 1.56 to 6.54 .002

Respiratory 2.84 0.94 to 8.56 .064 1.56 0.54 to 4.53 .411 2.85* 1.11 to 7.31 .030 1.51 0.66 to 3.54 .331

Gastrointestinal 4.59** 1.75 to 12.05 .002 4.50*** 2.03 to 9.98 , .001 3.04* 1.23 to 7.49 .016 2.73** 1.40 to 5.32 .003

Others 3.81** 1.65 to 8.82 .002 4.69*** 2.16 to 10.16 , .001 4.81*** 2.29 to 10.09 , .001 3.64*** 2.01 to 6.58 , .001

Comorbidities

0 1.00 — — 1.00 — — 1.00 — — 1.00 — —

1 1.63 0.81 to 3.31 .173 2.14** 1.24 to 3.68 .006 0.80 0.44 to 1.47 .478 1.09 0.72 to 1.64 .699

2+ 1.91 0.73 to 4.95 .185 2.08 0.95 to 4.56 .066 1.39 0.55 to 3.55 .488 1.05 0.53 to 2.08 .897

NOTE. Penalized logistic regression models were fitted, and all models were controlled for age, sex, religion, ethnicity, marital status, region, education, household income, cancer types, and
comorbidities.

Abbreviation: USD, US dollars.
*P , .05.
**P , .01.
***P , .001.

C
ancer

P
atient’s

P
erspective

D
uring

C
O
VID

-19
P
andem

ic

JCO
Global

Oncology
9



Regarding the symptoms of COVID-19 infection in partici-
pants, the majority of participants reported none or only one
symptom of the COVID-19 infection as at the time of review.
This can be assumed to be reasonable as patients who would
have possible symptoms of COVID-19 would have been
discouraged from going out or would have been referred
immediately to testing and isolation or treatment centers.

Many respondents scored high in COVID-19–related
knowledge, likely attributable to majority having at least a
secondary level of education. Approximately one fourth of
the study respondents (24.0%) perceived their COVID-19
risk to be low, whereas one third of the patients (30.7%)
perceived themselves to be at high risk of contracting COVID-
19 because of their cancer diagnosis or treatment. Over half
of the surveyed respondents (51.0%) reported medium to
high levels of negative impacts of COVID-19 on cancer care.
This suggests poor patient satisfaction, which can impair
physical health- and mental health-related quality of life,
reduce treatment compliance, and decrease motivation to
seek care, all of which can result in poorer outcomes.32

Service disruptions in cancer treatment have previously
been documented in Nigeria. In a recent survey of patients
with cancer in Nigeria, 43% of respondents reported ra-
diotherapy machine failures. Other reported causes of
service disruption include treatment abandonment be-
cause of financial constraints, side effects, unavailability of
medication, and loss to follow-up for unknown reasons.33

In this study, sociodemographic characteristics of partici-
pants were explored as possible social determinants of
health and outcomes. This has been corroborated by other
studies performed globally that have reported an associ-
ation between social factors such as education, income,
employment, marital status, and poor health status in
patients.34-36 In addition, factors such as marital status are
considered crucial, since they have been reported to
contribute significantly to patient delay and, by extension,
may result in poor clinical outcomes.37,38 In the current
study, however, there was no statistically significant as-
sociation between the marital status of participants and
reports of any disruptions in care; although when canceled
radiotherapy was taken singly, marital status was found to
be associated.

Disruption experiences of participants in this study were
consistent with a similar study carried out in Egypt by
Abolkasem et al,22 where changes from parenteral to oral
chemotherapy were recorded in 83.3% of surveyed centers.
Disruption to treatment modality was significantly higher
among patients age 50 years and above, compared with
those age 18-49 years (P = .001). This is may be because
older patients are at a higher risk of contracting the virus and
are more likely to have comorbidities. Thus, health care
workers are more wary of exposing this cohort of people to
settings where they might contract the virus and are more
likely to offer them alternate treatment options. Disruptions

to treatment modality was also significantly higher in the
West region, compared with other regions (P = .027).

Patients with a higher level of education had significantly
higher levels of service disruption, compared with those
with lower levels of education (P = .039). This was unex-
pected as people with lower levels of education were
presumably more vulnerable and, therefore, were less likely
to have access to services such as telemedicine, which was
prevalent during the lockdown. However, perhaps this
finding was due to the fact that more educated people were
more likely to be more knowledgeable on COVID-19 pre-
ventive practices, thereby opting for virtual consultations
and agreeing/requesting a change in regimen, compared
with less educated individuals, which in turn was reported
as a disruption to care.39 Similarly, respondents with higher
levels of COVID-related knowledge experienced higher
levels of service disruptions, compared with those with low
levels of COVID-related knowledge (P = .018). This is also
likely because of those having higher levels of knowledge
being more likely to self-isolate in fear of contracting the
virus, self-cancel their appointments, or opt for alternative
treatment options to reduce the risk of infection.

People earning , $100 USD monthly had significantly
higher levels of disruption to treatment, compared with
people earning more (P , .001). This is likely because of
the fact that patients with low socioeconomic status were
more likely to suffer financial constraints and significant
disruptions to livelihood as a result of economic restrictions
during the lockdown. In a country where cancer treatment
costs are almost exclusively out of pocket and 81.37% of
the population are entrepreneurs or self-employed, shut-
down of businesses and travel restrictions because of
lockdowns would have a significant impact on those in the
lower income bracket.40,41

Contrary to what might be expected, respondents with
possible COVID-19 symptoms experienced significantly
less service disruption to their treatments when compared
with those without symptoms (P , .001). Varying trends in
service disruption across the country may be an indicator of
prioritization of oncology services in these regions, as well
as education, income, and knowledge levels in the region.
After multivariate logistic regression, significant predictors
of service disruptions noted include age ≥ 50 years, Igbo
ethnicity, divorced/widowed status, and patients from the
South and West.

According to the National Institute for Health and Care Ex-
cellence rapid guidelines, avoiding radiotherapy if evidence
suggests little or no benefit, deferring treatment if clinically
appropriate, and shortening radiotherapy when possible were
necessary to mitigate the spread of COVID-19. Changes from
parenteral to oral chemotherapy agents or route of admin-
istration are also consistent with recommendations made by
Nigerian oncology and public health experts.42 Adoption of
other practices, including the use of hypofractionated
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radiation therapy, alterations in chemotherapy regimens,
increased adoption of telemedicine, COVID-19 vaccination,
prioritization of the care of patients with cancer, and case-by-
case prioritization, may all help to maintain the standard of
care for patients with cancer, even considering the limitations
of the pandemic.21,43

Although the current study did not cover the scope of the
implications of these service disruptions on clinical out-
comes, previous studies have reported increased mortality in
cancer patients’ consequence of delays or disruptions in
care. Gupta et al44 in India documented an estimated in-
crease in cancer-associatedmortality of 2.52%-3.80% owing
to treatment interruptions because of COVID-19 in patients
with cervical cancer. In Nigeria, where patients already
typically present with advanced stages of cancer, we pos-
tulate that the increase in cancer-associatedmortality may be
similar, if not more, than was recorded in India. However,
additional follow-up studies are necessary to determine the
impact of COVID-19–related disruptions to care on the
cancer-associated mortality rate during the pandemic.45

This study has potential limitations. The study relied on
patient-reported disruptions to care and may be subject to
bias. The inclusion of centers representative of all the
geopolitical zones in the country and large sample size was
one of the ways to try to mitigate this potential bias. In ad-
dition, it can be argued that the patients who experience
disruptions because of COVID-19 symptoms may have been
missed, since they were asked to remain at home and self-
isolate and, as such, may have been unavailable during
recruitment to review for disruption. However, since oncol-
ogy treatment occurs over a long period of time and data

collection for this took place over a period of 4 months, this
would ensure that these patients were surveyed after the
resolution of their acute illness because of COVID-19, and
they would have visited the center at least once during the
study period. Finally, the cross-sectional nature of the study
design makes it difficult to determine causality; however, the
study noted useful significant associations between the
factors potentially contributing to care disruptions in patients
with cancer in Nigeria during the COVID-19 pandemic.

The COVID-19 pandemic resulted in major disruptions to
social, economic, and health care systems all around the
world. In this Nigerian study, we found that one in 10
patients experienced disruptions in cancer care, and one in
two experienced social or economic disruptions to
accessing care, with disruptions most prominent in indi-
viduals with more constrained resources. As such, policies
and strategies aimed at minimizing service disruptions
while maintaining safety for patients with cancer are nec-
essary. Strategies such as the implementation of digital
technology to improve health care access, adaptation and
adoption of treatment regimens that require fewer physical
hospital visits such as hypofractionated radiation therapy
regimens, and oral chemotherapy drugs, and regimens
such as capecitabine-based treatment in place of fluoro-
uracil should be a priority for all Nigerian cancer care in-
stitutions in the COVID-19 era. Furthermore, nationwide
implementation of COVID-19 vaccination, prioritization of
the care of people with noncommunicable diseases such as
cancer, and case-by-case prioritization may all help to
maintain the standard of care for people living with cancer,
even considering the limitations of the pandemic.
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TABLE A1. Detailed Results of the Multivariate Analysis of Service Interruption

Characteristic

Canceled Radiotherapy (N = 344) Canceled Chemotherapy (N = 660)
Injection Chemotherapy Changed

to Oral Route (N = 750) Any Interruption (N = 854)

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Age group

18-49 1.00 — — 1.00 — — 1.00 — — 1.00 — —

50+ 1.75 0.80 to 3.81 .158 1.95* 1.12 to 3.41 .019 1.50 0.85 to 2.63 .163 1.93** 1.27 to 2.96 .002

Sex

Female 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Male 1.20 0.54 to 2.70 .653 0.69 0.35 to 1.37 .291 0.91 0.47 to 1.77 .783 0.82 0.49 to 1.36 .440

Religion

Islam 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Christianity 0.44 0.18 to 1.05 .065 0.75 0.39 to 1.43 .382 1.39 0.64 to 3.01 .403 0.65 0.38 to 1.10 .106

Ethnicity

Hausa 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Igbo 0.62 0.23 to 1.64 .334 0.54 0.23 to 1.26 .154 0.71 0.31 to 1.65 .431 0.50* 0.25 to 0.98 .043

Yoruba 0.58 0.23 to 1.49 .259 1.25 0.58 to 2.67 .564 1.30 0.57 to 2.95 .528 0.69 0.38 to 1.23 .425

Others 0.95 0.37 to 2.45 .910 0.78 0.33 to 1.88 .585 0.58 0.23 to 1.44 .239 0.56 0.26 to 1.07 .016

Marital status

Single 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Married 0.56 0.23 to 1.35 .197 1.01 0.45 to 2.25 .986 0.97 0.47 to 2.03 .944 0.69 0.38 to 1.23 .205

Divorced/widowed 1.17 0.41 to 3.29 .773 0.62 0.24 to 1.60 .326 0.84 0.32 to 2.23 .725 0.56 0.26 to 1.20 .138

Region

North 1.00 — — 1.00 — — 1.00 — — 1.00 — —

South 0.74 0.28 to 1.96 .544 1.33 0.57 to 3.08 .508 2.89** 1.32 to 6.34 .008 2.05* 1.09 to 3.86 .027

West 0.96 0.41 to 2.21 .916 3.08** 1.49 to 6.39 .002 1.36 0.63 to 2.93 .430 2.20** 1.24 to 3.91 .007

Education

No education 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Primary education 1.47 0.58 to 3.69 .418 1.09 0.46 to 2.61 .843 1.38 0.56 to 3.39 .484 1.06 0.53 to 2.12 .878

Secondary education 0.80 0.33 to 1.97 .631 0.76 0.34 to 1.68 .496 1.79 0.80 to 4.01 .158 0.92 0.48 to 1.75 .791

Tertiary education 0.56 0.24 to 1.35 .197 1.23 0.56 to 2.71 .603 0.59 0.25 to 1.38 .221 0.71 0.37 to 1.36 .305

(Continued on following page)
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TABLE A1. Detailed Results of the Multivariate Analysis of Service Interruption (Continued)

Characteristic

Canceled Radiotherapy (N = 344) Canceled Chemotherapy (N = 660)
Injection Chemotherapy Changed

to Oral Route (N = 750) Any Interruption (N = 854)

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Income, USD

, $100 1.00 — — 1.00 — — 1.00 — — 1.00 — —

$100-$500 0.47* 0.23 to 0.99 .046 0.50* 0.29 to 0.88 .015 0.80 0.45 to 1.40 .427 0.51** 0.34 to 0.76 .001

. $500 0.51 0.16 to 1.57 .238 0.59 0.22 to 1.56 .289 0.86 0.31 to 2.40 .773 0.43 0.18 to 1.02 .055

Cancer types (by body systems)

Genitourinary 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Breast 0.66 0.28 to 1.57 .346 1.08 0.55 to 2.11 .819 1.23 0.63 to 2.41 .549 1.28 0.75 to 2.19 .363

Prostate 1.59 0.59 to 4.32 .361 1.21 0.48 to 3.07 .682 2.12 0.86 to 5.20 .102 1.98 0.95 to 4.12 .067

Respiratory 0.89 0.28 to 2.81 .846 0.45 0.15 to 1.33 .151 0.96 0.36 to 2.54 .934 0.62 0.26 to 1.45 .271

Gastrointestinal 1.32 00.48 to 3.67 .593 1.57 0.71 to 3.47 .261 0.84 0.34 to 2.09 .705 1.14 0.58 to 2.23 .701

Others 1.15 0.49 to 2.74 .745 1.90 0.88 to 4.07 .100 1.72 0.83 to 3.53 .142 1.90* 1.06 to 3.38 .030

Comorbidities

0 1.00 — — 1.00 — — 1.00 — — 1.00 — —

1 1.02 0.47 to 2.21 .964 1.90 0.88 to 4.07 .100 0.64 0.33 to 1.24 .184 1.02 0.65 to 1.60 .919

2+ 0.82 0.28 to 2.39 .718 1.89* 1.07 to 3.35 .029 0.59 0.21 to 1.66 .317 0.65 0.30 to 1.38 .262

Possible COVID-19 symptoms
experienced by respondents

0 1.00 — — 1.00 — — 1.00 — — 1.00 — —

1 1.66 0.70 to 3.93 .252 2.11* 1.17 to 3.83 .014 3.04*** 1.74 to 5.32 , .001 2.85*** 1.85 to 4.39 , .001

2+ 2.65* 1.00 to 7.01 .050 1.48 0.63 to 3.44 .366 2.80** 1.18 to 6.64 .020 2.92** 1.53 to 5.58 .001

COVID-19–related knowledge

Low (0-12) 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Medium (13-14) 0.59 0.26 to 1.34 .210 1.26 0.69 to 2.28 .453 1.28 0.70 to 2.33 .419 1.04 0.66 to 1.64 .852

High (15-26) 0.66 0.30 to 1.47 .308 0.58 0.29 to 1.16 .122 0.62 0.31 to 1.23 .170 0.64 0.39 to 1.05 .077

Risk perception about COVID-19

Low (0-1) 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Medium (2-3) 0.88 0.38 to 2.04 .771 1.29 0.69 to 2.41 .430 1.08 0.57 to 2.05 .814 1.27 0.79 to 2.05 .717

High (4) 0.71 0.29 to 1.73 .447 1.07 0.55 to 2.11 .838 1.26 0.64 to 2.48 .496 1.10 0.66 to 1.84 .322

Service provision for COVID-19

Low (0-1) 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Medium (2) 1.09 0.47 to 2.51 .848 0.72 0.33 to 1.60 .424 1.34 0.62 to 2.91 .460 0.82 0.45 to 1.48 .506

High (3) 0.37* 0.16 to 0.86 .022 0.88 0.42 to 1.86 .745 0.90 0.42 to 1.91 .778 0.66 0.37 to 1.17 .155

(Continued on following page)
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TABLE A1. Detailed Results of the Multivariate Analysis of Service Interruption (Continued)

Characteristic

Canceled Radiotherapy (N = 344) Canceled Chemotherapy (N = 660)
Injection Chemotherapy Changed

to Oral Route (N = 750) Any Interruption (N = 854)

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Adjusted
Odds Ratio 95% CI P

Service perception for COVID-19

Low (0-1) 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Medium (2) 2.17 0.98 to 4.78 .056 1.64 0.87 to 3.12 .128 1.75 0.98 to 3.14 .059 1.83* 1.16 to 2.88 .010

High (3-4) 1.16 0.51 to 2.66 .725 2.52** 1.38 to 4.60 .003 0.86 0.42 to 1.73 .669 1.80* 1.13 to 2.88 .014

Effect of COVID-19

Low (0-2) 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Medium (3) 0.54 0.21 to 1.35 .188 0.89 0.44 to 1.80 .752 1.70 0.89 to 3.26 .111 0.92 0.55 to 1.55 .754

High (4-6) 1.37 0.64 to 2.94 .415 1.38 0.77 to 2.49 .282 1.80 0.98 to 3.32 .060 1.29 0.84 to 2.00 .247

Abbreviation: USD, US dollars.
*P , .05.
**P , .01.
***P , .001.
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