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ABSTRACT

Introduction The COVID-19 pandemic has caused
disruptions in access to routine healthcare services
worldwide, with a particularly high impact on chronic

care patients and low and middle-income countries. In
this study, we used routinely collected electronic medical
records data to assess the impact of the COVID-19
pandemic on access to cancer care at the Butaro Cancer
Center of Excellence (BCCOE) in rural Rwanda.

Methods We conducted a retrospective time-series study
among all Rwandan patients who received cancer care at
the BCCOE between 1 January 2016 and 31 July 2021.
The primary outcomes of interest included a comparison of
the number of patients who were predicted based on time-
series models of pre-COVID-19 trends versus the actual
number of patients who presented during the COVID-19
period (between March 2020 and July 2021) across four
key indicators: the number of new patients, number of
scheduled appointments, number of clinical visits attended
and the proportion of scheduled appointments completed
on time.

Results In total, 8970 patients (7140 patients enrolled before
COVID-19 and 1830 patients enrolled during COVID-19) were
included in this study. During the COVID-19 period, enrolment
of new patients dropped by 21.7% (95% prediction interval
(PI): —31.3%, —11.7%) compared with the pre-COVID-19
period. Similarly, the number of clinical visits was 25.0% (95%
Pl: —31.1%, —19.1%) lower than expected and the proportion
of scheduled visits completed on time was 27.9% (95% PI:
—39.8%, —14.1%) lower than expected. However, the number
of scheduled visits did not deviate significantly from expected.
Conclusion Although scheduling procedures for visits
continued as expected, our findings reveal that the COVID-19
pandemic interrupted patients’ ability to access cancer care
and attend scheduled appointments at the BCCOE. This
interruption in care suggests delayed diagnosis and loss to
follow-up, potentially resulting in a higher rate of negative
health outcomes among cancer patients in Rwanda.

INTRODUCTION

In 2020, an estimated 19.3 million people in
the world were newly diagnosed with cancer
and nearly 10 million cancer deaths occurred.”

STRENGTHS AND LIMITATIONS OF THIS STUDY

= We used time-series modelling to assess the impact
of COVID-19 on cancer care, which has not yet been
studied in Rwanda, at the main cancer treatment
centre in the nation.

= We used over 4 years of baseline data to generate
time-series models that provide quantitative esti-
mates of both monthly and cumulative drops in can-
cer services throughout the pandemic.

= We compared the results between indicators at
multiple steps of patient flow through cancer care
during the pandemic.

= We were limited by the use of electronic medical re-
cords data, which suffer from some incompleteness
for certain indicators, reducing our ability to analyse
factors such as cancer type.

= Our analysis did not incorporate data on social
policies, such as COVID-19-related campaigns, to
change cancer care or patient behaviour.

Although cancer is a global public health
concern, cancer incidence and mortality rates
are increasing in low and middle-income
countries (LMICs), while rates in high-income
countries are plateauing or decreasing due
to enhanced screening, early detection and
improved treatments.”* Screening and early
detection of cancer as well as early treatment
can increase chances of survival and less
morbidity. However, the capacity to diagnose
cancer is scarce in LMICs given that many
hospitals and health clinics are not equipped
with the adequate medical equipment or
laboratories to diagnose cancer.” * Conse-
quently, most people living in LMICs are not
diagnosed until their cancer is on advanced
stage.” Individuals with treatable cancer must
receive treatment at dedicated comprehen-
sive cancer centres, which are scarce and may
be costly and far from their home.® Further,
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cancer management requires long-term treatment and
adherence to follow-up care visits, but loss to follow-up
remains a major issue in LMICs.”

In addition, the COVID-19 pandemic, which emerged
in early 2020, caused major disruptions in access to
routine healthcare services worldwide.® * As many
countries responded to the spread of the disease, the
delivery of non-COVID-19-related health services was
adversely impacted due to resource constraints and lock-
down measures."’ Disruption of cancer services during
the COVID-19 pandemic has also been documented,
consisting of a reduction in patient visits for different
cancer clinical procedures—most notably diagnosis and
staging procedures such as biopsy, imaging and CT scan-
ning, and treatment procedures such as chemotherapy
and surgery.'™"* Most of these studies have been in high-
income countries. However, one survey among cancer
providers in Africa found staff shortages, treatment delays
and reduced patient volume during the first months of
the pandemic in 2020."” These COVID-19-related disrup-
tions in care for diseases that require timely diagnosis,
treatment and monitoring, such as cancer, may result in
excess mortality and morbidity."”

The first cancer centre in Rwanda—the Butaro Cancer
Center of Excellence (BCCOE)—was established in
2012 in a partnership between the non-governmental
international organisation Partners In Health/Inshuti
Mu Buzima (PIH/IMB) and the Rwanda Ministry of
Health. The BCCOE is located in Burera, a rural district
in northern Rwanda, and provides cancer care services,
including pathology-based diagnosis, basic imaging,
chemotherapy and surgery, to patients with cancer
from across Rwanda and a small proportion of patients
from neighbouring countries, such as the Democratic
Republic of Congo and Burundi.'® During the COVID-19
pandemic, the BCCOE has implemented ad hoc strate-
gies to ensure the continuity of cancer service delivery
to the patients amid COVID-19 lockdowns. These strat-
egies have included some patients being transferred to
a satellite infusion centre unit at the Rwanda Cancer
Center (RCC) in Kigali City for intravenous, oral therapy
and follow-up care, delivery of oral chemotherapy drugs
to patients in their near geographical proximity using
drones' and provision of social and food support to
vulnerable patients with cancer.'” However, these strat-
egies only supported patients in need of chemotherapy
and radiotherapy, and did not address gaps in screening,
new diagnoses or other ongoing treatments for patients
with cancer. Among the existing studies on the impact of
COVID-19 on health services in Rwanda,w_20 no studies
have shown the impact of COVID-19 on cancer care
patients. In this study, we use time-series modelling to
assess the impact of the COVID-19 pandemic on cancer
care services among patients seeking cancer care in
Rwanda.

METHODS

Study setting

The BCCOE is located in the Northern Province of
Rwanda in the rural Burera district and was the first
cancer referral centre in the area. In its early years,
BCCOE provided clinical diagnosis with the support of
the Brigham and Women’s Hospital (USA) for cancer
confirmation. The capacity for cancer diagnosis and
treatment has grown such that BCCOE now provides the
majority of the cancer care in Rwanda, with the exception
of radiotherapy, which is provided at the RCC. The RCC
opened in February 2020 at the Rwanda Military Hospital
in the capital city of Kigali. New patients at the BCCOE
are usually referred from district and referral hospitals,
private clinics across Rwanda or transferred from outside
Rwanda (figure 1). The most common cancers diag-
nosed at BCCOE are breast and cervical cancers among
adults and Wilms tumour and leukaemia among paediat-
rics.'”?! In addition, the BCCOE provides socioeconomic
support to patients in need, including meals, transport
and accommodation. Enrolment in the cancer care
programme occurs at the first in-person presentation to
the BCCOE from the referral health facility, and then
clinical consultation is conducted for cancer diagnosis.
When the clinical consultation outcome indicates that
the patient does not have cancer, she is discharged from
the programme. Patients with cancer may end up being
hospitalised or treated in the outpatient mode based on
the stage of their disease and type of treatment needed.
For follow-up care visits in the outpatient clinic, clinical
visits are prescheduled with the frequency of visit varying
from patient to patient depending on the treatment plan;
however, unscheduled visits for existing patients do also
happen for emergency care.

Study design and population

We conducted a time-series study using retrospective data
from the electronic medical records (EMR) system at the
BCCOE. We only included patients who received cancer
care at the BCCOE from 1 January 2016 to 31 July 2021.
We defined the baseline (ie, period before the COVID-19
pandemic in Rwanda) period starting from 1 January
2016, as we anticipated a low quality of EMR data collected
before 2016. In the early years of the implementation of
EMR for routinely collecting data on cancer care at the
BCCOE, data were more vulnerable to incompleteness
due to the delays and errors in the process of transcribing
data from paper into EMR by data officers. During the
chosen study period, most of the data on cancer care at
the BCCOE were directly entered into EMR by clinicians
at the point of care. We also excluded international (non-
Rwandan) patients from our analysis as we expected a
differential effect of the COVID-19 pandemic on them
compared with patients from within Rwanda. According
to national policy, access to care for domestic health
emergencies, including cancer treatment, should have
been able to be accommodated even during strict lock-
downs, but international travel bans were much more
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absolute and continued for an extended period of time
throughout the pandemic.zz

Data source and definition of outcome variables

BCCOE uses OpenMRS, a web-based EMR to enter
patient data. Patient information is directly recorded into
EMR by healthcare providers at the point of care and
EMR data officers conduct regular data quality checks
by comparing different sources of data and correcting
errors where necessary. When a patient attends a clinical
visit at BCCOE, a dedicated EMR form is used to record
each clinical encounter and procedures performed for
that patient. Data for patients who received care from
the RCC as a coping strategy to ensure access to cancer
care during the COVID-19 pandemic were also recorded
using OpenMRS EMR system and later synced to the
BCCOE EMR server. We requested and received patient-
level data from the oncology programme EMR system. We
later aggregated and prepared these data for use in time-
series analysis using Stata V.15 (Stata, College Station,
Texas). The EMR data were extracted in multiple tables,
including a patient roster, scheduled appointments and
clinical visits attended. We merged these tables together
to compute four different indicators aggregated at the
monthly level (figure 1).

The ‘number of new patients’ outcome was defined based
on the enrolment dates in the oncology programme.
Only patients enrolled between 1 January 2016 and 31
July 2021 were included in the calculation of this variable.
The ‘number of scheduled appointments’ outcome was created
based on the monthly sum of patients’ unique sched-
uled appointment dates. Clinical care follow-up visits
are only scheduled for existing patients and the types of

Flow chart of new patients at the Butaro Cancer Center of Excellence during the COVID-19 pandemic. F/U, follow-

scheduled appointments were as follows: chemotherapy
infusion centre visit, chemotherapy inpatient ward visit,
oncology pathology result visit, oncology special consul-
tation visit, oncology biopsy visit and oncology outpatient
clinic visit. The ‘number of clinical visits attended’ outcome
was defined as the monthly sum of all patients’ unique
encounter dates taken from EMR forms that are filled
out when a patient is physically present for cancer care
(eg, oncology clinical intake, cancer diagnosis, staging
and treatment plan, etc)—this indicator included new
patient intake visits and both scheduled and unscheduled
clinical follow-up care visits for existing patients. Some
forms which were not specific to cancer care (eg, mental
health routine encounter, comorbidity of diabetes, hyper-
tension, HIV/AIDS and heart failure diagnosis and treat-
ment, etc) or could be filled out during remote patient
follow-up (eg, rescheduled appointment) were excluded
from the calculation of clinical visits attended. A patient
was considered to have a ‘timely visit’ if the scheduled
appointment date matched the date of the attended clin-
ical visit; the ‘proportion of timely visits outcome was calcu-
lated by taking the number of timely visits divided by the
number of scheduled visits for a given month. This indi-
cator only included clinical follow-up care visits which are
supposed to be prescheduled.

Data analysis

We described patients’ characteristics at enrolment using
frequencies and percentages for categorical data and
median and IQRs for numerical data. We tested associa-
tions between patient characteristics and the study period
(before vs during COVID-19) using %° and Wilcoxon
rank-sum tests as appropriate. We fit time-series models
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for the monthly number of new patients, scheduled clin-
ical visits, attended clinical visits and timely clinical visits
attended as a percentage of scheduled visits at the BCCOE
during the baseline period (January 2016 to February
2020). We fit a generalised linear model with negative
binomial distribution to estimate the monthly counts,
and included terms for a yearly trend and seasonality:

K
log(E[Y]) = Bo + Pryeari+ Y BoyCos (%)
P

2TTk ’ 1)
+BysSin (441 + log (Dy)

where Y; indicates monthly indicator count, ¢ indicates
the cumulative month number, K indicates the number
of harmonic functions to include (we take K = 3) and
D; is the denominator. The year term captures long-term
annual trend while the harmonic terms capture season-
ality. The offset (denominator) term takes value 1 for
count indicators and is the monthly number of sched-
uled visits for the proportion of timely visits indicator.
This mean model was chosen to allow smoothing without
imposing strong assumptions on the seasonal behaviour.
We used a negative binomial distribution to account for
overdispersion.

The model in equation 1 was fit using prepandemic
data and then used to predict outcomes for the COVID-19
period. These predicted outcomes reflect what we would
have expected to observe if the COVID-19 pandemic
had not occurred and can be used to assess disruptions
attributable to the COVID-19 pandemic. Predicted
counts were computed along with 95% prediction inter-
vals (PI) and were used to compare observed counts to
predicted counts during the COVID-19 period (March
2020 to July 2021). In this procedure, we also computed
monthly deviations (predicted-observed count), cumu-
lative deviations and per cent deviations over the entire
period with 95% PIs. The bootstrap procedure has been
described in further detail in a study conducted to investi-
gate health facility catchment areas experiencing higher
than expected rates of acute respiratory infections during
the COVID-19 pandemic in seven LMICs,23 and has also
been used to forecast annual incidence of dengue haem-
orrhagic fever in Thailand* and to estimate the number
of COVID-19-related deaths in the USA.* We produced
time-series plots showing observed and predicted counts
(with 95% PI) during the baseline period and COVID-19
period. We also reported cumulative counts (observed
and predicted), deviations and per cent deviations (with
95% PIs). All analyses were performed in R V.4.0.4.

Patient and public involvement
None.

RESULTS

In this study, we analysed data on new enrolments, sched-
uled appointments and clinical visits attended for 8970
patients with cancer (figure 2). In total, 44 705 appoint-
ments were scheduled for these patients, while patients

Data on scheduled
appointments,

Patient roster, Data on attended clinical

N=9,753 records visits,

N=48.977 records N=102,981 records

-Deleted visits dates
recorded on forms
which were not specific
to cancer care or could
be filled out during
remote patient follow-
up, n=25,229

-Deleted duplicate

_Excluded non- scheduled appointment
. dates for the same

Rwandan patients, i =785

— 783 patient, n=

-Deleted visits scheduled

for non-Rwandan

patients, n=3,487

-Deleted duplicate
encounter dates for the
same patient, n=22,033

-Deleted visits for non-
Rwandan patients,
n=4,349

8,970 unique patients

44,705 unique scheduled
appointments eligible for
analysis

-8,127 newly enrolled during
the study period

51.370 unique clinical
visits eligible for analysis

-843 previously enrolled who
had follow-up visits during
the study period

Figure 2 Study participants and data cleaning flow chart.
The total number of scheduled visits was smaller than the
total number of attended clinical visits, as there was a portion
of visits (eg, inpatient admission) that were not scheduled in
advance. It was also true that not all scheduled visits were
attended.

received cancer care at 51 370 different encounters
during the study period.

Table 1 shows the breakdown of patient characteris-
tics at enrolment. Of the 8970 patients, 7140 (79.6%)
were enrolled in the 50-month period before COVID-19,
while 1830 (20.4%) were enrolled during the 17-month
COVID-19 period. Based on the physical address of
patients recorded in EMR, 3174 (35.4%) patients were
from the Northern Province, 2110 (23.5%) from the
Western Province and 920 (10.3%) from Kigali City.
Seventy-five per cent (n=6753) of the patients were
female. The median age at enrolment was 44.7 years
(IQR: 30.7-58.1).

Home province (p<0.001), gender (p<0.001) and
diagnosis (p<0.001) at enrolment were significantly
different between patients enrolled before and during
the COVID-19 pandemic. There was no significant differ-
ence between the ages of patients at enrolment before
and during COVID-19 (p=0.850).

Our time-series analysis found significant deviations
from the expected counts of new patients reported in
April 2020, December 2020 to February 2021, and July
2021 (figure 3). There were also significant drops in the
number of clinical visits reported in the months of April
2020, January to February 2021, and March to July 2021.
Similarly, there were significant drops in the observed
proportion of scheduled visits completed on time from
expected in April 2020, January to February 2021, and
July 2021. For the number of visits scheduled, no months
show significant deviations from expected.

Cumulatively, over the 17-month COVID-19 period, the
observed counts of new patients, clinical visits and timely
visits were significantly lower than expected (table 2). The
estimated percentage deviation in the number of new
patients reported was 21.7% (95% PI: -31.3%, -11.7%)
less than expected. The estimated cumulative percentage
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Table 1 Characteristics of patients
All patients Before COVID-19 During COVID-19
Variables (n=8970) (n=7140) (n=1830) P value
Home province, n (%) <0.001
Kigali City 920 (10.3) 737 (10.3) 183 (10.0)
East 1442 (16.1) 1097 (15.4) 345 (18.9)
North 3174 (35.4) 2595 (36.3) 579 (31.6)
South 1317 (14.7) 1040 (14.6) 277 (15.1)
West 2110 (23.5) 1666 (23.3) 444 (24.3)
Missing data 7 (0.1) 5(0.1) 2 (0.1)
Gender, n (%) <0.001
Female 6753 (75.3) 5445 (76.3) 1308 (71.5)
Male 2217 (24.7) 1695 (23.7) 522 (28.5)
Age (years) at enrolment, median (IQR) 44.7 (30.7, 58.1) 45.0 (30.8, 57.8) 44.1 (30.3, 59.3) 0.850
Diagnosis at enrolment, n (%) <0.001
Breast cancer 1303 (14.5) 1059 (14.8) 244 (13.3)
Cervical cancer 986 (11.0) 880 (12.3) 106 (5.8)
Other solid cancer 699 (7.8) 654 (9.2) 45 (2.5)
Stomach cancer 194 (2.2) 140 (2.0) 54 (3.0)
Acute lymphoblastic leukaemia 154 (1.7) 117 (1.6) 37 (2.0)
Other cancers 1354 (15.1) 1041 (14.6) 313 (17.1)
Not cancer 141 (1.6) 119 (1.7) 22 (1.2)
Missing data 4139 (46.1) 3130 (43.8) 1009 (55.1)
deviation in the number of clinical visits reported was also ~ DISCUSSION

25.0% (95% PI: -31.1%, -19.1%) less than expected. In
addition, the estimated percentage deviation in timely
visits as a percentage of scheduled visits was 27.9% (95%
PI: -39.8%, —14.1%) less than expected. There was no
change in the number of visits scheduled (1.0%, 95% PI:
-10.1%, 13.1%).
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Figure 3 Time-series models of new patients, scheduled
clinical appointments, clinical appointments attended and
timely visits as a percentage of scheduled appointments
during the baseline period (January 2016 to February 2020)
and COVID-19 period (March 2020 to July 2021).

In this study, we used routinely collected EMR data
to assess the impact of the COVID-19 pandemic on
access to cancer care at the BCCOE in rural Rwanda by
comparing observed data during the COVID-19 period
to the expected data, which was estimated based on 4
years of pre-COVID-19 pandemic data. Our findings
indicate significant reductions in the enrolment of new
patients, the number of clinical visits and the proportion
of scheduled visits completed on time during COVID-19.
However, the number of scheduled visits was not affected
by the COVID-19 pandemic.

Assignificant drop in access to cancer care at the BCCOE
during the COVID-19 could be attributed to the imposed
measures to halt the spread of COVID-19 in Rwanda,
including lockdowns, restrictions on movements of people
between places and suspension of public transport which
negatively affected the patient’s ability to reach the cancer
centre.” Specifically, we reported the largest declines in
new patient and clinical visits in April 2020, January to
February 2021, and July 2021 during which nationwide
or regional lockdowns and restrictions on movement
between districts were imposed in Rwanda.***” A previous
survey conducted among chronic care patients in Rwanda
during the initial COVID-19 lockdown (March to April
2020) found that patients with cancer were more likely
to report at least one barrier to accessing care than any
other group of chronic care patients (64.5% vs 43.6%).
Cancer care in Rwanda is highly centralised and most care
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Table 2 Cumulative counts and estimated deviations of indicators during the COVID-19 period (March 2020 to July 2021)

Estimated deviation = Estimated % deviation (95% PI)

Indicator Observed count  Expected count
New patients 1900 2425.5
Scheduled visits 12 741 12 610.5

Clinical visits attended 14 911 19 889.0

Timely visits (%) 298.2 413.5

Pl, prediction interval.

is provided in one of two health facilities. The BCCOE is
in a rural location and is a 3-hour drive from the capital
city of Kigali, making it challenging to access, particularly
in a context of lockdowns and movement restrictions. In
the early months (between 30 March and June 2020) of
the COVID-19 pandemic in Rwanda, coping interven-
tions were implemented through partnerships of PIH/
IMB, governmental and private institutions to ensure
continued access to cancer care for patients who were
receiving care from the BCCOE."” These coping inter-
ventions included transferring patients who need chemo-
therapy or radiotherapy and lived in Kigali City, southern
or eastern provinces to RCC and availing PIH/IMB cars
to transport patients between their homes to the BCCOE
or RCC. However, the beneficiaries of these interventions
were selected based on a number of criteria, including
the type of treatment, the severity of the disease and
the availability of infrastructure and space at RCC, and
not all patients would have been eligible for this assis-
tance. Furthermore, these interventions were designed
for patients who had already enrolled at BCCOE before
COVID-19—meaning that they would not have helped
new patients access care during the pandemic.
Asimilarly significant drop in the number of new cancer
cases detected during COVID-19 has been reported in
other low-income'” ** and high-income countries.'* Else-
where, reported reasons for the drop in the routine health-
care visits, including the number of visits for breast and
cervical cancers, included health facilities’ prioritisation
of emergency cases with COVID-19 like symptoms during
the onset of COVID-19.% In addition, a study conducted
in Kenya revealed that the number of women screened
for breast and cervical cancers through organised mass
screenings declined by 89% between 2019 and 2020 due
to the COVID-19 pandemic.* In Rwanda, COVID-19
cases were referred to specialised treatment centres,
such that health facilities did not experience similar
resource shortages, even during COVID-19 surges.'”
Our analysis corroborates this as BCCOE clinicians
continued to schedule patients for visits at a similar rate
to the prepandemic period, indicating minimal internal
interruptions from the perspective of the healthcare
providers. However, the stable levels of scheduled visits
combined with the observed reduction in attended visits
suggest that reduced utilisation of cancer services cannot
be explained by clinicians adapting patients’ treatment

-525.5 -21.7% (-31.3%, —11.7%)
130.5 1.0% (-10.1%, 13.1%)

~4978.0 -25.0% (~31.1%, —19.1%)
-115.3 -27.9% (~-39.8%, —14.1%)

plans to minimise in-facility visits by, for example, issuing
multimonth prescriptions or delivering services at a more
local health facility. Instead, patients appear to have been
missing essential clinical appointments, and therefore
increasing their risk of poor cancerrelated outcomes.

Limitations

First, we used routine healthcare data from the EMR,
which suffer from incompleteness, especially related to
cancer diagnosis at enrolment, precluding our ability to
look at these results by type of cancer. However, data on
dates of enrolment, scheduled appointments and clinical
encounters—yvariables that were used in the making of
the outcome variables for this study—were all complete.
Second, we used time-series models that controlled for
pre-COVID-19 trends but did not account for other
factors like cancer screening campaigns or changes in
the socioeconomic and clinical characteristics of patients
over time, which might have affected these trends before
and during the COVID-19 pandemic period. Our clinical
visits model captured the linear growth in the number
of clinical visits over time; it is possible that the level of
growth would have levelled out during 2020/2021 in the
absence of COVID-19, potentially resulting in a false drop
during the COVID-19 pandemic. However, we believe this
is unlikely as the number of scheduled visits continued
to grow linearly during this period, and there is still an
unmet need for cancer care in Rwanda with only two
cancer centres currently available to patients.

CONCLUSIONS

Compared with the pre-COVID-19 period, we observed
a significant drop in the number of new patients, the
number of clinical visits and the proportion of timely
visits conducted by patients with cancer at BCCOE. This
suggests delayed cancer diagnoses and treatment, which
both may lead to negative health outcomes among our
patient population in the coming months and years.
Future studies should investigate the impact of these
care interruptions on morbidity and mortality. It would
also be very informative to specifically evaluate how the
COVID-19 pandemic affected access to cancer care for
the subset of international patients. Because BCCOE is
one of the country’s main cancer referral centres and
provides cancer care to most patients across Rwanda,?'
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these findings are of national importance. Increased
investment in the decentralisation of cancer care services
and the systematic adoption of telemedicine in the provi-
sion of cancer care could help reduce the effects of
COVID-19 and future interruptions on access to care for
patients with cancer in Rwanda and other similar settings.
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