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The coronavirus disease 2019 
(COVID-19) has caused economic 
disruption across the health care 
system. While much of the literature 
has focused on the direct costs of 
preventing and treating COVID-19, 
the pandemic has also affected the 
cost of delivering care across the 
cancer continuum, including in 
radiation oncology.1 The economics 
of radiation therapy delivery are 
impacted by changes in the direct 
and indirect costs of delivering treat-
ment, reimbursement structures, 
changes in demand and utilization, 
and the expected value of treatment. 
The COVID-19 pandemic has affected 
these factors on multiple levels: the 
number of patients seen at cancer 
centers has been reduced, additional 
safety procedures have been intro-
duced, the availability and training of 
personnel has been affected, patient 
behavior has been influenced, and 
clinical practice has changed.2-4 

The economic impact of COVID-19 
can be evaluated at different stages of 
the treatment pathway. The American 

Association of Physicists in Medicine 
(AAPM) previously developed a pro-
cess map that outlines the workflow 
of each step in radiation oncology 
practice, which includes the initial 
patient assessment, treatment plan-
ning and delivery, quality assurance, 
and post-treatment evaluation.5 This 
process map has been previously 
applied to characterize the resource 
requirements and costs of radiation 
therapy using an activity-based cost-
ing approach. The Health Economics 
in Radiation Oncology program of 
the European Society of Radiotherapy 
and Oncology (ESTRO-HERO) adopted 
this workflow into their time-driven 
activity-based costing model and 
organized the activities needed to de-
liver radiation therapy along 3 activity 
levels defined as “core” radiation 
oncology services, “support” services 
such as departmental management 
and quality assurance, and activities 
“beyond” the radiation therapy care 
pathway such as participation in the 
multidisciplinary team, long-term 
follow-up, and survivorship.6 

Using the AAPM process map and 
the ESTRO-HERO costing model as a 
guide,6 we comprehensively evaluate 
the economic impact of COVID-19 
on radiation oncology from the per-
spective of the patient, provider, and 
health care system on core, support, 
and beyond radiation oncology activ-
ities. Although the economic crisis 
caused by the COVID-19 pandemic 
was initially thought to be V-shaped 
with a quick recovery, the pandem-
ic has demonstrated the potential 
for a W-shape, with relapse due to 
further lockdowns, or L-shape, with 
a more permanent loss of output.7 
Understanding the economic impact 
of COVID-19 on the practice of radi-
ation oncology is critical to mitigate 
ongoing perturbations on patients, 
providers, and clinical practices 
due to the current pandemic as 
well as future health care shocks, 
to ensure evidence-based resource 
allocation, and to identify oppor-
tunities for innovation to support 
value-based care. 

Economic Impact on Core 
Radiation Oncology Activities

Core activities in radiation oncolo-
gy can be grouped into 3 key activity 
areas along the patient care pathway: 
1) patient diagnosis and assessment, 
2) treatment planning and delivery, 
and 3) post-treatment management. 
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These activity areas have been 
adapted and broadened from the 
original ESTRO-HERO framework to 
include activities directly impacting 
radiation oncologists’ time, costs, 
and reimbursement. Each of these 
activity areas is affected by changes 
in capital and operational costs as 
well as reimbursement. Capital costs 
include the upfront investment in 
equipment, facilities, and training 
of personnel, whereas operational 
costs are related to the utilization 
of equipment (treatment-related 
costs and quality assurance), staffing 
(including continuing education 
of personnel) and maintenance 
(including building and machinery 
maintenance and overhead). The 
impact of COVID-19 on cost and 
reimbursement at each of these time 
points is shown in Table 1. Although 
costs and reimbursement should be 
linked, costs reflect the quantity and 
quality of consumed resources, while 
reimbursement reflects society’s 
agreement to pay for a health care 
service and is negotiated between 
providers and payers.8 The structure 
and type of reimbursement sys-
tems vary between countries, with 
differences in the components of 
radiation treatment that are eligible 
for reimbursement, the fees paid for 
treatment techniques, fractionation 
schedules, and indications.9

Patient Diagnosis and Assessment

Screening and diagnostic services 
for cancer were significantly reduced 
over the course of the COVID-19 
pandemic due to increased demands 
on the health care system as well 
as public health messaging to seek 
care only when urgently required to 
minimize contact and mitigate risk.10-

13 Patient behaviors also changed, 
with many postponing or forgoing 
screening or diagnostic investi-
gations due to fear of contracting 
COVID-19. A cross-sectional study 
from January 2018 to March 2021 
in the US found that the number of 

weekly new cases of breast, pros-
tate, colorectal, pancreatic, gastric, 
and esophageal cancer declined by 
46.4% overall during the first year of 
the pandemic, ranging from 24.7% 
for pancreatic cancer to 51.8% for 
breast cancer.14 This combination of 
reduced availability and demand for 
screening and diagnostic services 
had a significant downstream impact 
on demand for radiation therapy, 
the complexity of treatment, and on 
provider and facility revenue. 

A survey by the American Society 
for Radiation Oncology (ASTRO) in 
April 2020 of 222 leaders in aca-
demic and community practices in 
the US on the initial impact of the 
COVID-19 pandemic found that 81% 
of practices reported a reduction 
in referrals and that, on average, 
practices reported treating 68% of 
their usual volume (range: 10% to 
95%).15 Practices also reported some 
decrease in monthly revenue, with 
71% of practices estimating revenue 
declines of 20% or more. In special-
ized centers, reduced patient flow 
and postponed treatments had a 
particularly negative impact on the 
return on investment of recently 
introduced high-cost interventions 
such as MR-linac or proton-beam 
radiation therapy, as their cost could 
not be buffered by other treatments 
already established in the depart-
ment.2,15 Some departments in the US 
noted a decline in billable activity of 
up to 35%, driven by a significant de-
cline in the demand for consultation 
and treatment.16 By the end of 2020, 
Medicare physician fee schedule 
services had declined by 8% overall, 
compared with the same period prior 
to the pandemic.17

The ASTRO survey was also sent 
to European department heads in 
May 2020 and similar findings were 
observed, with 60% of clinics report-
ing a decline in patient volume.18 In 
February 2021, after 1 year of the 
COVID pandemic, ESTRO repeated 
the survey and noted an improvement 

in demand for treatment, but a per-
sistent decrease in 53% of the centers 
surveyed in patient volume com-
pared with before the pandemic.18 In 
Latin America, initial consultations 
were reduced by 28% to 38%, with a 
corresponding reduction in pathology 
(6% to 50%), cancer surgery (28% 
to 70%), and chemotherapy (2% to 
54%). Reductions in radiation therapy 
use were noted in Brazil, Chile and 
Peru (8% to 31%).19

Staffing shortages during the pan-
demic compounded the impact of 
fluctuating patient volumes. A survey 
of radiation therapy department 
managers from Canada and Norway 
found that 25% and 39% of depart-
ments, respectively, experienced 
shortages, which were partially due 
to staff redeployment.20 In Africa, 
the highest rates of staff shortages 
were in low-income countries as 
compared with middle-income 
countries, which were driven by fear 
of contracting the virus and inade-
quate personal protective equipment 
(PPE).21 In the US, the Coronavirus 
Aid, Relief, and Economic Security 
(CARES) Act that was signed into law 
in March 2020 was intended to offset 
the loss of revenue of hospitals and 
clinics and avoid layoffs.22 However, 
the extent to which this was success-
ful in mitigating staff turnover has 
not yet been quantified.  

In order to further limit inter-
ruptions in the delivery of radiation 
oncology services while maintain-
ing physical distancing, the use of 
telehealth rapidly increased during 
the pandemic.23-25 Many radiation on-
cology services were not previously 
reimbursed, or adequately reim-
bursed, through virtual platforms, 
and the deregulation of telehealth 
services and the introduction of new 
temporary fee codes were used to 
facilitate virtual care.23,26,27 Although 
in-person visits increased over time 
with increasing vaccination rates, the 
demand for virtual options by both 
patients and providers has prompted 
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Table 1. Impact of COVID-19 on Radiation Therapy Activities Using the ESTRO-HERO Costing Framework

ESTRO-HERO 
CATEGORY

PATHWAY ELEMENT COVID-19 IMPACT ON 
RADIATION ONCOLOGY 
SERVICES

PROVIDER COSTS PAYER COSTS

Core Patient Diagnosis and 
Assessment 

Decreased screening 
and diagnosis 
Delayed presentation 
Pivot toward virtual care

Overhead costs for virtual 
care platforms 
Increased costs for 
cleaning and PPE 
Decreased reimbursement 
due to lower volumes

New billing codes required for virtual care

Treatment Planning and 
Delivery

Treatment delays due 
to competing health 
system demands and 
the need to minimize 
exposure risk 
Increased cleaning/PPE 
procedures 
Rapid adoption of new 
treatment protocols (eg, 
hypofractionation)

Increased operational costs 
from enhanced cleaning 
and PPE during treatments 
Altered personnel safety 
needs, availability, and 
costs 
Decreased total 
reimbursement from lower 
treatment volumes

Altered case mix and treatment protocols 
impacting reimbursement in fee-for-service 
systems 
Decreased costs with shorter fractionation 
schedules if reimbursement is tied to the 
number of fractions or if disinvestment is 
possible

Post-Treatment Follow-
Up and Support 

Reduced access to post-
treatment screening and 
follow-up care

New models of care with 
potential for lower overall 
costs

Decreased costs due to lower post-treatment 
volumes in fee-for-service environment

Support Department 
Management

New SOPs for patient 
safety, staff safety, PPE, 
treatment protocols 
Additional personnel 
need to manage new 
COVID-related planning 
Management of staff 
burnout

Overhead costs associated 
with generating new SOPs 
and virtual workflow 
Availability of bonuses to 
supplement income

Staffing shortages leading to higher payer costs 
due to increased salary and benefit requirements

New Technology, 
Research and Evidence 
Generation

Altered research funding 
availability 
Lack of time to 
implement new 
technology/techniques 
Reduced clinical 
trial enrollment and 
preclinical cancer 
research (diminished 
progress) 
New data sources

Staff layoffs due to 
decreased research output

New data sources for health technology 
assessment to inform future decisions on 
reimbursement

Beyond Multidisciplinary Care Reduced surgical 
volumes/delayed 
surgeries 
Delayed surgery 
prompting use of RT as 
a treatment bridge 
Paused chemotherapy 
treatments 
Use of systemic therapy 
as a bridge to surgery

Change in patient volume 
leading to decreased 
reimbursement in fee-for-
service systems

Expected benefit from RT may decrease value 
from treatment

Financial Toxicity Increased financial 
strain on patients 
Difficulty 
Inability to comply with 
treatment protocols

Uncompensated care Long-term effects on patients’ future income 
potential and ability to afford future treatment 
Decreased quality of care with lack of treatment 
affordability

Key: ESTRO-HERO = European Society of Radiotherapy and Oncology Health Economics in Radiation Oncology, PPE = personal protective equipment, SOP = 
standard operating procedures, RT = radiation therapy
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shifts in the regulatory landscape 
and the more permanent integration 
of telehealth into routine practice.28 
Future work will need to evaluate the 
appropriateness of virtual care in 
different clinical scenarios and the 
relative value of this service. 

Treatment Planning and Delivery

During the early phase of the 
pandemic, recommendations to 
delay or omit radiation treatment 
to minimize COVID-19 exposure 
risk contributed to the reduction in 
revenue for clinical departments.29,30 
For example, omission of radiation 
therapy with active surveillance was 
considered a reasonable option for 
low- and favorable intermediate-risk 
prostate cancer, whereas delaying ra-
diation through the use of prolonged 
androgen deprivation therapy of up 
to 6 to 7 months was acceptable for 
higher-risk disease.30,31 For other 
types of cancer, however, radiation 
therapy was used as a bridging 
measure to delay procedures that 
might be associated with a higher 
COVID-19 risk or as an alternative 
treatment option. For example, inter-
national experts recommended that 
short courses of radiation therapy 
could be used to delay surgery in 
patients with rectal cancer.32 In lung 
cancer, an ESTRO-ASTRO consensus 
statement recommended the use of 
stereotactic radiation for patients 
with operable early stage non-small 
cell lung cancers in cases where 
timely access to surgery was unavail-
able due to surgical capacity issues.33 
This shift in practice is supported 
by data from the UK that found an 
increase in the number of radiation 
therapy courses during the initial 
months of the pandemic for esoph-
ageal, bladder, and rectal cancer, 
which may reflect the greater use of 
radiation therapy as an alternative to 
surgery.34 These changes to case mix 
and treatment protocols led to unex-
pected shifts in department resource 
allocation, altering departmental 

costs, reimbursements and human 
resource needs.34  

The COVID-19 pandemic also led to 
the rapid adoption of hypofractionated 
or accelerated treatment schedules,3,35 
where radiation is delivered at a higher 
dose over fewer treatments, to mini-
mize patient exposure and maximize 
treatment unit efficiency.30 There 
has been growing interest in using 
hypofractionation over the last several 
years to increase machine availability, 
reduce resource consumption, and 
improve patient convenience. In the 
fee-for-service setting, however, where 
remuneration has been tied to the 
number of fractions delivered, uptake 
on hypofractionation had been slow, 
despite the strong evidence base in 
several indications.9,36 In contrast to 
historical hypofractionation utilization 
rates, COVID-19 prompted the rapid 
adoption of hypofractionated sched-
ules, which were endorsed by multiple 
professional societies. For example, 
the FAST-Forward trial published in 
April 2020 found that a 1-week course 
of adjuvant radiation therapy for early 
stage breast cancer at a dose of 26 Gy 
in 5 fractions was noninferior to mod-
erate hypofractionation delivered over 
3 weeks in terms of ipsilateral breast 
tumor relapse and normal tissue 
effects.37 This fractionation scheme 
was widely adopted in international 
centers following its publication38 and 
was established as a standard of care at 
a U.K. consensus meeting in October 
2020.39 A cost-minimization analysis in 
the Canadian context found that im-
plementation of FAST-Forward results 
in a 36% reduction in infrastructure 
and human resource costs compared 
with standard fractionation, which 
translated to an annual savings of over 
$2 million Canadian dollars (CAD) 
per year at the provincial level and 
$174,700 per year at the institutional 
level.40 However, these savings require 
flexibility in equipment and personnel 
costs, which are sometimes fixed at 
the departmental level. A transition 
to hypofractionated schedules was 

suggested as a safe strategy for several 
other curative and palliative radiation 
therapy indications.30,41 

Post-treatment

Once treatment has been com-
pleted, patients require ongoing 
surveillance for recurrence, and 
monitoring for radiation-related 
toxicities. COVID-19 made surveillance 
for disease recurrence more challeng-
ing to access, particularly as health 
resources were diverted towards 
management of the pandemic, and 
follow-up assessments to evaluate for 
disease recurrence or residual toxici-
ties were increasingly done virtually.42 
The Multinational Association of Sup-
portive Care in Cancer Survivorship 
Group conducted a qualitative survey 
of their membership to evaluate 
how members and their respective 
institutions have modified cancer 
survivorship practices and services 
during COVID-19.43 One of the priority 
areas to emerge from this survey was 
the opportunity for cancer care prac-
titioners to decentralize or delegate 
care from the specialist setting. These 
may include alternative models of care 
such as shared care or nurse or pri-
mary care provider-led models, which 
would allow oncologists to provide a 
greater focus on acute patients requir-
ing urgent care.43 The opportunity to 
implement these new models of care 
has refocused attention on opportu-
nities for improving value-based care 
delivery in which high-quality care can 
be delivered in lower-cost settings.44 

Economic Impact on Radiation 
Oncology Support Activities

Numerous supportive activities 
are essential for any functioning 
radiation oncology service, includ-
ing departmental management, 
implementation of new technology, 
research, and evidence generation. 
COVID-19 impacted each of these 
areas through reduced staffing avail-
ability, funding challenges, and new 

14



The Economic Impact of the COVID-19 Pandemic on Radiation Oncology Practice REVIEWREVIEW

Applied Radiation OncologyDecember 2021

operating procedures, but also led to 
a renewed commitment to invest in 
high-quality real-world data systems 
and randomized controlled trials to 
guide practice. 

Departmental Management

Radiation oncology departments 
were required to rapidly adapt their 
standard operating procedures (SOP) 
and workflows to ensure the safe 
provision of treatment during the 
pandemic. One survey of 68 radia-
tion oncologists across 13 countries 
found that modifications were made 
to treatment protocols in 85% of 
cases.45 This resulted in unexpect-
ed overhead costs related to the 
development of new SOP documents 
for patient management, screening 
and cleaning procedures, treatment 
procedures, safe work practices, PPE 
guidelines, rules for staff quarantine 
and isolation and work-from-home 
guidelines.46 The use of telemedicine 
also impacted the cost of care deliv-
ery due to the need for new informa-
tion systems and online workflows 
to support virtual encounters,47 

although it led to significant indi-
rect cost savings through reduced 
travel costs and patient time away 
from work.23,48

Operational costs also increased 
due to greater personnel needs 
and training, consumables such as 
masks and PPE, increased treatment 
times due to cleaning procedures 
and potentially slower patient 
setup while wearing PPE.2 There 
were also additional overhead costs 
for plexiglass and other physical 
barriers at screening and registra-
tion desks.49 Further, burnout from 
the COVID pandemic has also been 
well-documented to affect pro-
ductivity and the challenges with 
family support and childcare (eg, 
high-risk elderly parents, closed 
schools), and employee sick leave 
due to COVID-19-related illness or 
quarantine requirements have all 
affected departmental staffing and 

efficiency. In some US jurisdictions, 
the staffing challenges have led to 
higher costs related to hazard pay, 
salary increases, signing bonuses 
and improved benefits packages.50 

Implementation of New 
Technology, Research and 
Evidence Generation

Evidence generation is essential 
for making better choices about 
health care and health care funding. 
The impact of the pandemic on the 
field of evidence generation has been 
mixed. Prior to the pandemic, the 
lack of real-time and real-world evi-
dence slowed the uptake of new and 
beneficial advances and has often 
resulted in ineffective, costly, or even 
harmful interventions remaining in 
clinical use.51 However, COVID-19 
has highlighted the importance 
and need for population databases, 
resulting in increased investment in 
this important research area. New 
consortia to rapidly address can-
cer-specific research questions were 
developed, such as the COVID-19 and 
Cancer Consortium (CCC19), which 
aims to bridge the knowledge gap in 
cancer care caused by the COVID-19 
pandemic.52 Several other registries 
and consortia to support real-world 
data collection on cancer and COVID 
have emerged internationally, many 
of which are spearheaded by profes-
sional societies such as the American 
Society of Clinical Oncology (ASCO), 
European Society for Medical Oncol-
ogy COVID-19 Care (ESMOCoCare), 
and the European Organization for 
Research and Treatment of Cancer 
(EORTC) E2-RADIatE.53 Such data can 
contribute to more robust health 
technology assessment in cancer and 
improved evaluation of the magni-
tude of benefit and cost-effectiveness 
of radiation therapy interventions. 

A major challenge in evidence 
generation during the first year of 
the pandemic, however, was the 
dramatic reduction in enrollment in 
clinical trials in oncology, collection 

of patient samples for cancer re-
search, and preclinical bench work.46 
The scale-up of clinical trial activ-
ity following the initial shutdown, 
however, provided an opportunity to 
evaluate which components of clini-
cal trials were necessary to reach the 
goal of testing the effectiveness of 
cancer therapy. Such changes have 
the potential to improve the benefit 
that patients are receiving from 
participation and reduce unneces-
sary visits.55 Funding opportunities 
also changed, with a reduction 
in opportunities for non-COVID 
research, as research budgets for 
cancer were reduced to shift funds 
toward COVID-related research 
activities. The Association of Medical 
Research Charities estimated a £252 
to 368 million shortfall in research 
investment in 2020-202156 and similar 
declines in funding availability have 
been seen globally.57 

Economic Impact on Activities 
Beyond Radiation Oncology 

Beyond the treatment of the dis-
ease itself, many other aspects of care 
delivery, including surgery, systemic 
treatment, supportive care, and re-
habilitation have all been affected by 
the pandemic. In England, premature 
cancer deaths resulting from diag-
nostic delays from breast, colorectal, 
esophageal, and lung cancer during 
the first wave of the pandemic are 
estimated to amount to a loss of 
32,700 quality-adjusted life years and 
productivity losses of £103.8 million 
GBP.58 Further, the economic strain 
experienced by patients in other 
aspects of their personal lives during 
the pandemic has implications for 
outcomes and compliance with treat-
ment. There is growing literature on 
the burden of financial toxicity that 
patients experience, which includes 
the objective financial burden of 
cancer treatment as well as subjective 
financial distress. Loss of income and 
prolonged unemployment from the 
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pandemic created a double financial 
burden for many patients.59 

Conclusion
The COVID-19 pandemic has led to 

many changes in radiation therapy 
delivery, which have impacted the 
economics of radiation oncology 
care. While some of these changes, 
such as the reduction in clinical 
volume and increased need for PPE, 
may be temporary during periods of 
increased COVID-19 infection, others 
such as the use of virtual care and 
hypofractionation may lead to more 
permanent changes. These changes 
require ongoing evaluation and mon-
itoring and may prompt payers and 
health systems to consider new and 
more flexible reimbursement mod-
els. A renewed emphasis on evidence 
generation, which was motivated by 
the pandemic, may facilitate more 
robust and timely health technology 
evaluation of new models of care and 
new innovation in treatment.
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