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Abstract

Introduction: COVID-19 patients with cancer had poorer outcomes due to immunosuppression during cancer care,
poor general condition, and other comorbidities. The study was conducted to present the real-world analysis of the
effect of treatment interruptions on the outcomes of patients treated with radiation therapy during the first wave of
the COVID-19 pandemic in a tertiary care institute in India.

Materials and methods: The study is a retrospective observational cohort study on cancer patients undergoing
radiation therapy from March 2020 to January 2021. The study’s primary outcome was to analyze the effect of treat-
ment interruptions on the outcomes of patients treated with radiation therapy during the first wave of COVID-19
pandemic.

Results: Between March 2020 to January 2021, 218 eligible patients undergoing radiation therapy were found for the
study. Among the 218 patients, 25 patients (11.47%) were found positive for COVID-19, while 193 patients (88.53%)
were negative for COVID-19. Among COVID-19-positive patients, ten patients had <3 weeks of treatment interruption,
while 15 patients had >3 weeks of treatment interruptions. After recovering from COVID-19, treatment was resumed
and completed for 15 (60.00%) of the COVID-19-positive patients. In comparison, 13 patients (52.00%) were lost to
follow-up. Three of the COVID-19-positive patients died. The disease was clinically controlled in 12 (48.00%) of the
COVID-19-positive patients, and the patients reported locoregional disease progression in 10 (40.00%). Among the
193 COVID-19-negative patients, 32 patients (16.58%) had treatment interruption. Twelve patients (37.50%) had treat-
ment interruptions for less than 1 week. There was a significant difference in the delay of radiation treatment delivery
by 2 weeks (11 fractions) in COVID-19-positive patients compared to only two fractions delay in COVID-19-negative
patients.

Conclusion: COVID-19 impacted the treatment outcomes in both COVID-19-positive and COVID-19-negative
cohorts of patients. There was a longer duration of treatment interruptions in the COVID-19-positive patients, leading
to fewer patients completing the radiation treatment and thereby increased locoregional disease progression. There
was a significant difference in the delay in treatment between the two groups.
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Background

The COVID-19 pandemic poses a significant threat to
patients and health care workers. Patients with cancer
are at a higher risk of infection with severe acute res-
piratory syndrome coronavirus-2 (SARS-COV-2) than
the general population [1, 2]. Studies have confirmed
that COVID-19 patients with cancer had poorer out-
comes due to immunosuppression during cancer care,
poor general condition, and other comorbidities [3-5].
The radiation oncology departments in a highly popu-
lated country like India are taxed by a high caseload on
radiotherapy machines, with many patients in the waiting
rooms. The waiting areas for cancer patients and treat-
ment areas have to be a highly screened sanctuary to
prevent possible transmission and infection of COVID-
19 so that both the patients and health caregivers are in
a safe and protected environment. The testing of both
symptomatic and asymptomatic cancer patients under-
going radiation therapy during the current pandemic is of
paramount importance for safely completing treatment.
Identifying asymptomatic carriers can help prevent virus
transmission to their older, poorer performance sta-
tus counterparts and other patients with comorbidities.
These measures also ensure that cancer patients’ out-
comes do not significantly worsen during the pandemic.
India reported its first case of COVID-19 on January 30,
2020 [6]. By March 2020, the Government of India laid
a series of nationwide lockdowns with severe restric-
tions applied on interstate and intrastate travel [7]. On
25 August 2021, India have reported 3,25,57,729 con-
firmed cases of COVID-19,with 436,396 deaths [8]. These
directly impacted patients undergoing radiation therapy
treatment, which was interrupted as they were infected
with COVID-19 or were unable to reach the radiotherapy
center for timely completion of treatment. After almost
one and half years of the pandemic, the focus is slowly
shifting to studying the impact of COVID-19 on cancer
patients and their disease outcomes. The study was con-
ducted to present the real-world analysis of the effect
of treatment interruptions on the outcomes of patients
treated with radiation therapy during the first wave of the
COVID-19 pandemic in a tertiary care institute in India.

Methods

Study design

The study is a retrospective observational cohort study on
cancer patients undergoing radiation therapy at All India
Institute of Medical Sciences (AIIMS), Bhubaneswar,

a tertiary health care institute in Odisha, India, from
March 2020 to January 2021. The study was done with
the collaboration of the Department of Radiotherapy and
Department of Community Medicine and Family Medi-
cine, AIIMS Bhubaneswar.

Study outcomes

The primary outcome of the study was conducted to
analyze the effect of treatment interruptions on the out-
comes of patients treated with radiation therapy during
the first wave of the COVID-19 pandemic. The treatment
outcomes were interpreted as the duration of treatment
interruption, percentage of patients lost to follow-up in
patients who did not resume treatment after 2 weeks or
more of completion of home or hospital isolation from
the day of being diagnosed with COVID-19 infection and
were considered lost to follow-up, total percentage of
patients completing treatment, an d the clinical status of
the disease (locoregional controlled or progression).

Eligibility criteria

The eligibility criteria included all cancer patients who
took Radiation Therapy from March 2020 to January
2021, irrespective of COVID-19 status were included in
the study.

Data collection and study methodology

Data were collected from the patient database of the radi-
otherapy department and analyzed in August 2021. The
information that was collected from the patient’s case
records included name, age, sex, diagnosis, COVID-19
status, date of becoming COVID-19 status, date of treat-
ment interruptions, date of treatment resume, number
of fractions of radiation planned, number of fractions of
radiation delivered, whether treatment completed, cur-
rent disease status, and number of COVID-19 RTPCR
tests done on patients. The datasets included two cohorts
of cancer patients who were either positive for COVID-
19 or negative for COVID-19. Both the cohorts under-
went radiation therapy at AIIMS Bhubaneswar. The
cohorts were compared for the effect of treatment inter-
ruptions on the outcome of cancer in terms of delay in
completion of radiation therapy, duration of treatment
interruptions, and current status of the disease. Ethical
approval was obtained from the institute ethics com-
mittee of All India Institute of Medical Sciences, Bhu-
baneswar. IEC reference no: T/IM-NF/Radioth/21/24.
Individual participant consent was not taken as the data
were collected retrospectively from the database.
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Statistical analysis

Data were entered in Microsoft Excel 2015 and ana-
lyzed using Statistical Packages of Social Sciences (Ver-
sion 22.0. Armonk, NY: IBM Corp). The categorical
variables were presented as percentages, and continuous
variables were presented as mean and standard deviation.
Unpaired t-test was applied for the test of significance
between the COVID-19-positive and COVID-19-nega-
tive groups, and a p-value of less than 0.05 was consid-
ered significant.

Results

Between March 2020 to January 2021, 218 eligible
patients undergoing radiation therapy were found for
the study. The median follow-up time was 8 months. A
total of 1087 reverse transcriptase PCR (RTPCR) was
done among asymptomatic patients undergoing radio-
therapy during this period. The peak positivity rate was
a maximum of 13.33 in September 2020. The number of
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patients screened, the total number of RTPCRs done,
and the positivity rate is depicted in Fig. 1.

Among the 218 patients, 25 patients (11.47%) were
found positive for COVID-19, while 193 patients
(88.53%) were negative for COVID-19. Basic demo-
graphic details of the COVID-19-positive and COVID-
19-negative patients are mentioned in Table 1. The
intent of treatment and the percentage-wise of diag-
nosis of patients between the COVID-19-positive
and COVID-19-negative group has been depicted in
Table 2. No significant difference in age and gender
was observed between the two groups. Both the groups
had radical radiotherapy as the most common intent of
treatment. There were no patients in COVID-19-pos-
itive patients among the palliative group, while 14
patients (7.25%) in the COVID-19-negative arm. Head
and neck cancers, followed by breast cancers, were the
most common sites of cancers treated among the two
groups.
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Fig. 1 Case positivity rate among the radiotherapy beneficiaries and frequency of screening during March 2020 to January 2021

Table 1 Demographic variables of radiotherapy beneficiaries

Variables COVID-19-positive COVID-19-negative P value
N=25 N=193
Total number of patients 25 (11.47%) 193 (88.53%)
Age (mean £ SD) 4576 +£18.87 4480416.23 0.786
Gender
Male 8 (32%) 99 (51.29%) 0.069
Female 17 (68%) 94 (48.70%)
Treatment interruption 25 (100.00%) 32 (16.58%)
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Table 2 Intent of treatment and patient diagnosis

Patients profile COVID-19- COVID-19-
positive negative
(N=25) (N=193)
Types of radiotherapy received
Radical radiotherapy 14 (56%) 93 (48.18%)
Adjuvant radiotherapy 11 (44%) 86 (44.55%)
Palliative radiotherapy 0 14 (7.25%)
Cancer diagnosis of patients
Carcinoma head and neck 06 (24%) 59 (30.56%)
Carcinoma breast 09 (36%) 52 (26.94%)
Carcinoma rectum and anal canal 1 (4%) 11 (5.69%)
Carcinoma lung 1 (4%) 2 (1.03%)
Carcinoma esophagus 1 (4%) 5 (2.59%)
Carcinoma cervix 02 (8%) 08 (4.14%)
CNS tumors 03 (12%) 15 (7.77%)
Pediatric tumors 02 (8%) 12 (6.21%)
Others 0 29 (15.02%)

All the patients had treatment Interruptions follow-
ing the diagnosis of COVID-19 as per guidelines of
the Ministry of Health and Family Welfare, India, on
mandatory quarantine and home isolation for COVID-
19-positive patients [9]. Among COVID-19-positive
patients, only ten patients (40%) had <3 weeks of
treatment interruption, while 15 patients (60%) had
>3 weeks of treatment interruptions. Three patients
had multiple treatment interruptions as they were
reinfected with COVID-19. After recovering from
COVID-19, treatment was resumed and completed for
15 (60.00%) of the COVID-19-positive patients. In the
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COVID-19-positive arm, ten patients (40%), while in
the COVID-19-negative arm, six patients (18.75%) were
lost to follow-up and did not complete their assigned
fractions of radiation therapy. Three of the COVID-
19-positive patients died, one due to COVID-19 infec-
tion and two due to their disease progression. The
disease was clinically controlled in 12 (48.00%) of the
COVID-19-positive patients, and the patients reported
locoregional disease progression in 10 (40.00%). Two
patients developed the metastatic disease, while the
status remained unknown for one patient (Table 3).

Among the 193 COVID-19-negative patients, 32
patients (16.58%) had treatment interruption. Twelve
patients (37.50%) had treatment interruptions for less
than 3 weeks (six patients for radiation-induced grade
3 toxicity and six for personal reasons), and 20 patients
(63.50%) had treatment interruptions >3 weeks. Two
patients died during treatment, one due to disease pro-
gression and one road traffic accident. Three patients
(9.37%) had clinical disease progression, and six
patients left treatment midway and did not complete
the treatment (Table 3).

The COVID-19-positive patients received an aver-
age of 16.72 fractions, whereas the negative patients
received 21.71 fractions of radiotherapy. Averagely,
10.80 fractions and 2.44 fractions of radiotherapy
could not be delivered to the COVID-19-positive and
COVID-19-negative patients, respectively, which cor-
relates with a delay of radiation treatment delivery by
almost 2 weeks (11 fractions) in COVID-19-positive
patients as compared to only two fractions delay in
COVID-19-negative patients. The difference was also
found to be statistically significant (Table 4).

Table 3 Treatment interruption and treatment outcome in COVID-19-positive and COVID-19-negative patients

Variables COVID-19-positive patients (25) COVID-19-negative patients (32) P value
Duration of treatment interruption in COVID-19-positive patients
<3 weeks 10 (40.00) 12 (37.50) 0.847
> 3 weeks 15 (60.00) 20 (63.50)
Treatment completion in COVID-19-positive patients
Total treatment completed 15 (60.00) 26 (81.25) 0.076
Loss to follow-up 10 (40.00) 6(18.75)
Treatment outcome in COVID-19-positive patients
Disease clinically controlled 12 (48.00) 21 (65.62)
Loco-regional progression of disease 10 (40.00) 3(9.37)
Developed metastatic disease? 2 (8.00) 1(3.13)
Status unknown 1(4.00) 6 (18.75)
Death due to other cause” 0(0.00) 1(3.13)

2 Death happened in the COVID-19-negative group
b The patient died of road traffic accident
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Table 4 Radiotherapy fractions planned and delivered among the radiotherapy recipients (N=218)

Variables COVID-19-positive patients COVID-19-negative patients P value
(mean+SD)N=25 (mean+SD)N=193

Radio therapy fractions planned (N=25) 27.5243.98 28324368 0.026

Radio therapy fractions delivered (N = 25) 16.72+9.14 21.71+10.00 0.019

Radio therapy fractions not delivered (N=25) 10.80£9.57 2444714 <0.001

Discussion

A departmental screening protocol was developed
because of the COVID-19 pandemic, which included
screening patients and visitors to the department in
consultation with the hospital Infection control com-
mittee. All persons were screened for signs, symp-
toms, travel history, and contact history at the entry
point. Detection of SARS-CoV-2 viral RNA by RT-PCR
remains the gold standard for diagnosis, preferably with
a nasopharyngeal swab [10]. The guidelines formulated
for screening patients in an oncology department were
strictly followed. Considering the current situation, the
policies were changed from time to time, considering
the current position of the COVID-19 pandemic.

We started with screening all patients who were to
start radiotherapy by RT-PCR testing for COVID-19
virus. During radiotherapy, all patients were followed
up weekly, and symptomatic patients were immediately
isolated and tested by RT-PCR, while all asymptomatic
patients on radiotherapy were tested every month from
April 1, 2020, to June 30, 2020. As the COVID-19-pos-
itive cases increased from July 1, 2020, to August 31,
2020, all asymptomatic patients were tested every fort-
nightly, and after that, all patients were tested weekly.
According to the Indian Council of Medical Research
(ICMR) advisory recommendation on COVID-19 test-
ing in India, in-hospital setting RT-PCR or rapid anti-
gen testing to be done on all symptomatic and severe
acute respiratory infection patients. RT-PCR for
COVID-19 is recommended In asymptomatic high-
risk patients hospitalized or seeking immediate hospi-
talization, such as immunocompromised individuals,
patients diagnosed with malignant disease, transplant
patients, elderly >65 years, and comorbidity undergo-
ing surgical or non-surgical invasive procedures [10,
11].

This approach may be suboptimal for cancer patients
undergoing radiation therapy. Most of the patients will
be asymptomatic for COVID-19, and the virus’s overall
transmission is mainly contributed during the early phase
of illness [12]. Hence, screening asymptomatic carrier
patients taking radiation therapy becomes more impor-
tant to protect other vulnerable patients and healthcare
workers.

Manchester et al. screened all asymptomatic patients
twice a week with RT PCR from April 17, 2020, to May
8, 2020; 139 patients also showed a positivity rate of 0.7%
[13]. Another multicenter survey by Vasiliadou et al. on
head and neck cancer patients during COVID-19 pan-
demic revealed that around 52.2% of centers performed
pre-treatment swab tests, and about four centers were
doing it weekly [14].

Our study found that 25 (11.47%) patients out of 219
patients were positive for COVID-19. This may be due to
the longer follow-up period, about 10 months, and the
high caseload of COVID-19-positive patients in India.

Patients who become positive during treatment require
a minimum of 14 days of quarantine, according to ICMR
recommendations [9], resulting in a delay in treatment.
Thus, treatment interruptions are of concern in tumors
where delay in overall treatment time leads to a poor out-
come, such as cancer of the head, neck, and cervix [15].
William et al., in a study on the impact of COVID-19 on
treatment, have expressed that a delay in treatment until
a negative COVID-19 test may be indicated to protect the
patient and the treatment team and to maintain access to
care for all the patients treated at that facility [16].

This statement holds good for a cancer center like us
with limited recourses and an enormous caseload. In the
current study, among the COVID-19-positive patients,
40% had less than 3 weeks while 60% patients had more
than 3 weeks of treatment interruptions. Disease con-
trol was seen in 48% of COVID-19-positive patients,
and 40% had locoregional disease progression, while in
the COVID-negative patients’ cohort, 37.50% had treat-
ment interruptions of less than 3 weeks, and 63.50%
had treatment interruptions of more than 3 weeks. The
main reasons for treatment interruptions in COVID-
negative patients beyond 3 weeks were travel restrictions,
fear of getting infected with COVID on moving out of
home, and any other factors like family issues, job loss,
and other social stigmas. The disease was controlled in
65.62% of COVID-negative patients, and 9.37% had dis-
ease progression.

The radiation oncology department from Fudan Uni-
versity, Shanghai, China, in their paper on nasopharyn-
geal carcinoma patients, has compared the median
waiting days between pre-COVID onset to that after



Barik et al. Journal of the Egyptian National Cancer Institute

the onset of the COVID-19 pandemic and has reported
a significant difference in results for radiotherapy pro-
cedures like radiotherapy immobilization and simula-
tion (3.5 vs. 16.5, p<0.001), radiotherapy planning (20
vs. 61, p<0.001), and initiation of radiation (28 vs. 36,
p=0.005) [17]. Riera et al. reported a delay in radio-
therapy by 1.4 to 90.9% of centers with an 8 to 45 days
median increase compared to pre-COVID times. Treat-
ment interruptions were reported by 77.5% of patients,
although they have not specified what type of treatment
interruptions the patients have to face [18]. A cohort
study from India also mentions the considerable impact
of the COVID-19 pandemic on the delivery of oncology
services. The percentage reduction in patients access-
ing oncology services was higher in tier 1 cities than in
tier 3 cities, with about 50-70% reduction observed in
almost all cancer care services [19]. According to Cong-
hua et al., in a study on analysis of treatment outcomes
of 209 patients undergoing radiotherapy at the Wuhan
University, 112 patients (56%) defaulted to radiotherapy
due to lockdown [20]. In an observational cohort study
by the Dutch Oncology COVID-19 Consortium on the
outcome of COVID-19 patients with cancer, out of 442
patients, only 30.8% of patients completed treatment.
By multivariate analysis, age >65 years, male gender,
prior history of malignancy, and hematological or lung
malignancy remained independent risk factors for fatal
outcome of COVID-19 [21].

This study is among few kinds of literature available on
the impact of COVID-19 on patients undergoing radia-
tion therapy with real-world data analysis of the treat-
ment interruptions and disease progression. However,
the study presents data from a single institute, and only
a univariate analysis could be done with a small sample
size of COVID-19-positive patients. Also, the study did
not investigate multiple confounders, including the rea-
son for treatment delay in both COVID-19-positive and
COVID-19-negative cohorts.

Conclusions

Due to COVID-19, treatment interruptions were found
in both COVID-19-positive and COVID-19-negative
patients. Various policy restrictions were the primary
reasons for the treatment interruptions in COVID-
19-negative patients. There was a longer duration of
treatment interruptions in the COVID-19-positive
patients, leading to fewer patients completing the radia-
tion treatment and thereby increased locoregional dis-
ease progression. There was a significant difference in the
delay of radiation treatment delivery in COVID-19-pos-
itive patients compared to COVID-19-negative patients.

(2022) 34:28

Page 6 of 7

Abbreviations
SARS-COV-2: Severe acute respiratory syndrome coronavirus-2; RTPCR: Reverse
transcriptase PCR; AIIMS: All India Institute of Medical Sciences.

Acknowledgements
None acknowledged.

Authors’ contributions

SKB, DKP and SKDM: Concept, manuscript preparation and manuscript editing.
AKS: Concept and statistical analysis. AA and MM: Data collection, and data
entry DPS: Statistical analysis. All authors read and approved the final version
of the manuscript.

Funding
None received for the project.

Availability of data and materials

The dataset for the study is available in the following link: Barik, Sandip Kumar
(2022): RT DATA COVID 19 Treatment Interruptions.xIsx. figshare. Dataset.
https://doi.org/10.6084/m9.figshare.19298624.v1.

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from the institute ethics committee of All
India Institute of Medical Sciences, Bhubaneswar. IEC reference no: T/IM-NF/
Radioth/21/24. Individual participant consent was not taken as the data were
collected retrospectively from the database.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Radiotherapy, All India Institute of Medical Sciences, Sijua
PO Patrapada, Bhubaneswar, Odisha 751019, India. 2Department of Com-
munity Medicine and Family Medicine, All India Institute of Medical Sciences,
Bhubaneswar, Odisha, India.

Received: 21 February 2022 Accepted: 1 June 2022
Published online: 04 July 2022

References

1. Liang W, Guan W, Chen R, Wang W, Li J, Xu K, et al. Cancer patients in
SARS-CoV-2 infection: a nationwide analysis in China. Lancet Oncol.
2020;21:335-7.

2. ZhangL, Zhu F, Xie L, Wang C,Wang J, Chen R, et al. Clinical characteris-
tics of COVID-19-infected cancer patients: a retrospective case study in
three hospitals within Wuhan, China. Ann Oncol. 2020;31:894-901.

3. Huang C,Wang, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.
2020;395:469-70.

4. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical characteristics
of138 hospitalized patients with 2019 novel coronavirus-infected pneu-
monia in Wuhan, China. JAMA. 2020;323:1061-9.

5. Wu(C ChenX, CaiY, Xia J, Zhou X, Xu S, et al. Risk factors associated
with acute respiratory distress syndrome and death in patients with
coronavirus disease 2019 pneumonia in Wuhan, China. JAMA Intern Med.
2020;180(7):934-43.

6. The Tata Memorial Centre COVID-19 Working Group. The COVID-19
pandemic and the Tata Memorial Centre response. Indian J Cancer.
2020;57:123-8.

7. Press Information Bureau Government of India issues order prescribing
lockdown for containment of COVID 19 epidemic in the country [www.
mha.gov.in]. Accessed 12 May 2021.

8.  http//www.covid19india.org. Accessed 25 Aug 2021.


https://doi.org/10.6084/m9.figshare.19298624.v1
http://www.mha.gov.in
http://www.mha.gov.in
http://www.covid19india.org

Barik et al. Journal of the Egyptian National Cancer Institute

20.

21

(2022) 34:28

https://www.mohfw.gov.in/pdf/RevisedHomelsolationGuidelines.pdf.
Accessed 25 Aug 2021.

Madariaga A, McMullen M, Sheikh S, Kumar R, Liu FF, Zimmermann C,
Husain S, Zadeh G, Oza AM. COVID-19 testing in patients with cancer:
does one size fit all? Clin Cancer Res. 2020;26(18):4737-42. https://doi.
0rg/10.1158/1078-0432.CCR-20-2224. Epub 2020 July 2. PMID: 32616498.

. IDSA. COVID-19 Prioritization of diagnostic testing. Available from: https://

www.idsociety.org/globalassets/idsa/public-health/covid-19-prioritiza
tion-of-dxtesting.pdf. Accessed 18 Oct 2021.

Phan LT, Nguyen TV, Luong QC, Nguyen TV, Nguyen HT, Le HQ, et al.
Importation and human-to-human transmission of a novel coronavirus in
Vietnam. N Engl J Med. 2020;382:872-4.

Prabhu RS, Dhakal R, Hicks AS, et al. Implementation, adherence, and
results of systematic SARS-CoV-2 testing for asymptomatic patients
treated at a tertiary care regional radiation oncology network. Radiat
Oncol. 2021;16:28. https://doi.org/10.1186/513014-021-01760-2.
Vasiliadou |, Noble D, Hartley A, Singh N, et al. A multi-centre survey
reveals variations in the standard treatments and treatment modifica-
tions for head and neck cancer patients during Covid-19 pandemic.
Open Access. 2021. https://doi.org/10.1016/j.ctro.2021.06.002.

Chen Z, King W, Pearcey R, Kerba M, Mackillop WJ. The relationship
between waiting time for radiotherapy and clinical outcomes: a system-
atic review of the literature. Radiother Oncol. 2008;87:3-16. https://doi.
0rg/10.1016/j.radonc.2007.11.016. Medline: 18160158.

Williams V, Kahn J, Harkenrider M, Rengan R, et al. COVID-19 impact on
timing of brachytherapy treatment and strategies for risk mitigation.
Brachytherapy. 2020;19:401-11. https://doi.org/10.1016/j.brachy.2020.04.
005.

Yang Y, Shen C. Chaosu Hu, Effect of COVID-19 epidemic on delay of diag-
nosis and treatment path for patients with nasopharyngeal carcinoma in
a systemic review. Cancer Manag Res. 2020;12:3859-64.

Riera R, Bagattini AM, Pacheco RL, Pachito DV, Roitberg F, llbawi A. Delays
and disruptions in cancer health care due to COVID-19 pandemic: sys-
tematic review. JCO Glob Oncol. 2021,7:311-23. https://doi.org/10.1200/
G0.20.00639. PMID: 33617304; PMCID: PMC8081532.

Ranganathan P, Sengar M, Chinnaswamy G, et al. Impact of COVID-19 on
cancer care in India: a cohort study. Lancet Oncol. 2021,22:970-6. https://
doi.org/10.1016/51470-2045(21)00240-0.

Xie C, Wang X, Liu H, et al. Outcomes in radiotherapy-treated patients
with cancer during the COVID-19 outbreak in Wuhan, China. JAMA Oncol.
2020;6(9):1457-9. https://doi.org/10.1001/jamaoncol.2020.2783.

De Joode K, Dumoulin DW, Tol J, Westgeest HM, Beerepoot LV, et al.
Dutch Oncology COVID-19 consortium: outcome of COVID-19 in patients
with cancer in a nationwide cohort study. Eur J Cancer. 2020;141:171-84.
https://doi.org/10.1016/j.ejca.2020.09.027. Epub 2020 October 7. PMID:
33161241; PMCID: PMC7540213.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://www.mohfw.gov.in/pdf/RevisedHomeIsolationGuidelines.pdf
https://doi.org/10.1158/1078-0432.CCR-20-2224
https://doi.org/10.1158/1078-0432.CCR-20-2224
https://www.idsociety.org/globalassets/idsa/public-health/covid-19-prioritization-of-dxtesting.pdf
https://www.idsociety.org/globalassets/idsa/public-health/covid-19-prioritization-of-dxtesting.pdf
https://www.idsociety.org/globalassets/idsa/public-health/covid-19-prioritization-of-dxtesting.pdf
https://doi.org/10.1186/s13014-021-01760-2
https://doi.org/10.1016/j.ctro.2021.06.002
https://doi.org/10.1016/j.radonc.2007.11.016
https://doi.org/10.1016/j.radonc.2007.11.016
https://doi.org/10.1016/j.brachy.2020.04.005
https://doi.org/10.1016/j.brachy.2020.04.005
https://doi.org/10.1200/GO.20.00639
https://doi.org/10.1200/GO.20.00639
https://doi.org/10.1016/S1470-2045(21)00240-0
https://doi.org/10.1016/S1470-2045(21)00240-0
https://doi.org/10.1001/jamaoncol.2020.2783
https://doi.org/10.1016/j.ejca.2020.09.027

	Effect of treatment interruptions and outcomes in cancer patients undergoing radiotherapy during the first wave of COVID-19 pandemic in a tertiary care institute
	Abstract 
	Introduction: 
	Materials and methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design
	Study outcomes
	Eligibility criteria
	Data collection and study methodology
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


