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Management and Outcomes of
Patients With Radiotherapy
Interruption During the
COVID-19 Pandemic

Xiaofang Ying'?, Jianping Bi'?, Yi Ding’, Xueyan Wei', Wei Wei’, Fang Xin’,
Chuangying Xiao ', Desheng Hu', Vivek Verma®* and Guang Han""
"Department of Radiation Oncology, Hubei Cancer Hospital, Tongji Medical College, Huazhong University of Science and

Technology, Wuhan, China, Department of Radliation Oncology, The University of Texas MD Anderson Cancer Center,
Houston, TX, United States

Purpose: This retrospective observational study examined patients who experienced
radiotherapy (RT) interruption during the Wuhan lockdown for the novel coronavirus
disease 2019 (COVID-19) pandemic.

Materials and Methods: The data of all patients whose RT was interrupted during the
Wuhan lockdown from January 23 to April 8, 2020 were collected. Patient-, cancer-, and
treatment-related characteristics were analyzed, along with interruption time, disease
progression type, and survival status. The methods employed in order to compensate for
RT interruption were also described.

Results: There were altogether 129 cancer patients whose RT was interrupted. Nineteen
(14.7%) patients experienced a total interruption time of at most 7 days; the interruption
time was 8-14 days for 27 (20.9%) patients, and 15 or more days for 47 (36.4%) patients.
The remaining 36 (27.9%) patients did not come back to our hospital for further RT. We
first describe our experience with re-immobilization and/or re-planning (n = 17) as well as
dose compensation/adjustment. Of the 40 definitive radiotherapy patients, 37 had
squamous cell carcinoma of nasopharyngeal, lung, or cervical origin. Most patients (85/
93, 91.4%) were followed up for more than one year. Among the 40 patients who received
definitive radiotherapy, nine patients experienced disease progression and five patients
died. Three of the seven (42.9%) patients who did not finish radiotherapy after interruption
died, as compared to only two of the 33 (6.1%) patients who completed radiotherapy.
EQD2 (equivalent dose in 2 Gy fractions) at the time point of RT interruption was
calculated. Five of the six patients (83.3%) who received EQD2 <10 Gy suffered from
disease progression, compared with four of the 34 (11.8%) patients who received EQD2
>10 Gy. For the seven definitive radiotherapy cases who did not finish radiotherapy, three
received systemic anti-cancer treatments and three died (all of whom did not receive
further systemic therapies).
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Conclusions: This study provides the longest follow-up for the outcomes of RT
interruption during COVID-19 pandemic to date. It cannot imply causation but implies
that completing RT is important, along with the utility of having patients remain on
systemic therapies if RT is to be interrupted.

Keywords: COVID-19 pandemic, radiotherapy, interruption, outcomes, distant metastasis

INTRODUCTION

The novel coronavirus disease 2019 (COVID-19) pandemic has
affected virtually every aspect of health care, including the
delivery of radiotherapy for cancer patients (1-4). Although
cancer patients are more readily infected by COVID-19 due to
weakened immune systems (5), delays or interruptions in cancer
treatment can lead to tumor progression and/or poorer survival.
Thus, balancing these risks is of utmost importance (6).

At the epicenter of the COVID-19 pandemic in Wuhan, China,
many hospitals were utilized as COVID-19-designated hospitals,
and hence many cancer patients’ treatment was interrupted or
delayed. Our hospital is the only oncology-specific hospital in
Wuhan, and thus we provided uninterrupted radiotherapy (RT)
for cancer patients using an extensive departmental policy as
described elsewhere (7). Although RT was not interrupted at our
cancer center, cancer patients may not have been able to (or chose
not to) come to our hospital during the Wuhan lockdown period
(especially for patients coming from other cities in Hubei
Province). Because delays/interruptions in RT are deleterious (8,
9), the COVID-19 pandemic has offered us a unique
contemporary perspective to examine the outcomes of these
patients, along with a description of the novel management
approaches that were employed in this unique circumstance.
This notion provided the impetus for this investigation, in
which we examined patients at our cancer center who began RT
before the Wuhan lockdown (January 23, 2020) and experienced
various degrees of RT interruption.

MATERIALS AND METHODS

Data of all cancer patients who began RT at the Hubei Cancer
Hospital before the Wuhan lockdown (from January 23, 2020 to
April 8, 2020) and experienced any amount of treatment
interruption were collected. Demographic, clinical and treatment
characteristics were retrieved from the medical records and from
our institution’s archiving systems. Data regarding the radiotherapy
time, dose, fractionation, and planning systems was retrieved from
the institutional Monaco and Eclipse systems. Patients were
followed up for tumor progression and survival data (the last
follow up date was May 9, 2021). EQD2 (equivalent dose in 2 Gy
fractions) to the gross tumor volume at the time point of RT
interruption was calculated. The overall treatment time (OTT)
was calculated from the date offirst day of radiotherapy to the day of
radiotherapy completion. The follow up time was calculated from
the date of radiotherapy completion to the date of last contact. PFS
time was defined from the date that radiotherapy finished to the date

of disease progression. Cross-tabulation and the Chi-squared test
were used to compare categorical variables. All p values were two-
sided, and p <0.05 was considered to be statistically significant. All
statistical analyses were conducted with SPSS software package,
version 19.0. This investigation was approved by the institutional
ethics board of the Hubei Cancer Hospital of Huazhong University
of Science and Technology in Wuhan, China.

RESULTS

There were 289 cancer patients who underwent radiotherapy in
our hospital and 129 patients whose radiotherapy course was
interrupted during the Wuhan lockdown. The most common
reasons for RT interruption included fear of COVID-19
infection, travel inconvenience, tumor progression, and active/
ongoing COVID-19 infection. We collected the date and number
of patients who came back for further radiotherapy after initial
interruption as shown in Figure 1, indicating that some patients
experienced relatively long treatment breaks. Table 1 displays
characteristics of this population. The median interruption time
was 15 days (range 7 to 157 days). Of note, the four most
common tumors were cervical cancer (n = 27, 20.9%), breast
cancer (n = 25, 19.4%), lung cancer (n = 20, 15.5%), and
nasopharyngeal cancer (n = 16, 12.4%). A plurality of RT was
delivered adjuvantly (n = 63, 48.8%), with the remainder as
definitive (n = 40, 31.0%) or palliative (n = 26, 20.2%).

Nineteen (14.7%) patients experienced a total interruption time
ofat most 7 days; the interruption time was 8-14 days for 27 (20.9%)
patients, and 15 or more days for 47 (36.4%) patients. The
remaining 36 (27.9%) patients did not come back to our hospital
for further radiotherapy. Importantly, no patients who came back to
continue radiotherapy became infected by COVID-19.

Management of Patients Who Did Not
Come Back For Radiotherapy

The detailed characteristics of patients who did not come back to
our cancer center for further radiotherapy are summarized in
Table 2. Of 36 patients, three patients went to another hospital
for radiotherapy, 10 patients received systemic therapies
(chemotherapy, targeted therapy, immunotherapy, or
endocrine therapy), and 23 patients did not receive any further
oncologic therapy. Of note, lung cancer was the most common
tumor type for which other oncologic management was delivered
(n =6, 60%). Additionally, 22 patients (66.7%) from other cities
in Hubei Province did not come back for radiotherapy, which
was considerably higher than those living in Wuhan city (n =
11, 33.3%).
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FIGURE 1 | The date and number of patients who came back for
further radiotherapy after radiotherapy was interrupted due to the
COVID-19 pandemic.

Further follow up indicated that for 16 patients having started
adjuvant radiotherapy, only one patient received other anti-
cancer treatment (endocrine therapy for breast cancer; data not
shown) and no patient died. For the seven definitive
radiotherapy cases, three patients received other anti-cancer
treatment (chemotherapy or immunotherapy) and three
patients died (all of whom did not receive any further anti-
cancer treatments). Of the 13 palliative cases, 6 patients received
other anti-cancer treatment (chemotherapy, immunotherapy, or

targeted therapy) and five patients died (all of whom did not
receive other anti-cancer treatment).

Replanning For Patients Who Came Back
For Further Radiotherapy

There were 93 patients who came back for further radiotherapy
after interruption. Replanning was done according to the
discretion of the radiation oncologist, and most commonly was
indicated due to anatomical- and/or tumor-related changes. A
total of 17 (18%) patients received replanning: seven adjuvant
cases, nine definitive cases, and one palliative case.

The immobilization apparatus had to be modified in several
patients. Three head and neck patients wearing medical masks
felt difficulty breathing from the initial thermoplastic mask, and
as a result a new thermoplastic mask (with corresponding CT
simulation and replanning) was made. One additional head and
neck patient gained weight during radiotherapy interruption and
the prior thermoplastic mask became too tight, resulting in
resimulation and replanning. Three thoracic cancer patients’
immobilizations had to be changed to a vacuum-formed cradle
and hence received new CT simulation and replanning. One
breast cancer patient planned for breath-hold radiotherapy felt
difficulty in holding her breath with a medical mask, and so
simulation and replanning was done. Additionally, five patients
whose radiotherapy interruption time was long (ranging from 88
to 130 days) received resimulation and replanning.

Dose Compensation For Patients Who

Come Back For Further Radiotherapy

Among the 129 patients, most patients received 200 cGy/fraction
radiotherapy except seven patients who were hypofractionated
(300 cGy/fraction for bone metastasis, brain metastasis, or tumor
thrombus of portal vein, and 800 c¢Gy/fraction for lung cancer).
No twice-daily or weekend radiotherapy was applied for
compensation. Thirty-two patients received dose compensation
to minimize the effect of radiotherapy interruption, among
whom 12 also received replanning: 17 were adjuvant cases
(seven breast cancer, seven head and neck cancer, three rectal
cancer), 14 were definitive cases (12 nasopharyngeal cancer, two
lung cancer) and one was palliative (lung cancer). The
relationship between dose compensation and interruption time
is shown by a scatter diagram for the whole patient (Figure 2A)
and nasopharyngeal cancer patients (Figure 2B), respectively.
Dose compensation was done according to the recommendations
reported by Bese et al. (10), which suggested that the increase in
dose required to maintain a constant local control rate is 0.5-0.6
Gy/d using 2 Gy fractions for head and neck cancer and 0.45 Gy/
d for lung cancer. We also took other factors into account,
including the interruption time, patients’ tolerance (including
performance status), and the radiotherapy tolerance of the
surrounding organs at risk. The final dose compensation was
dependent on the radiation oncologist’s discretion as well as
suggestions from the treatment team. Extra doses were
administered once daily during working days, because twice-
daily or weekend radiotherapy was difficult to apply during the
COVID-19 pandemic. The largest dose compensation was for a
rectal cancer patient undergoing adjuvant radiotherapy, for

Frontiers in Oncology | www.frontiersin.org

November 2021 | Volume 11 | Article 754838


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Ying et al.

Radiotherapy Interruption During COVID-19 Pandemic

TABLE 1 | Characteristics of patients who underwent interrupted radiotherapy.

Parameter, N (%)

Sex

Male 16 (25.4)
Female 47 (74.6)
Age (years)

<65 55 (87.3)
>65 8 (12.7)
Disease site

Breast cancer 21 (83.3)
Lung cancer 0(0)
Head and neck cancers 9 (14.3)
Nasopharyngeal cancer 0(0)
Cervical cancer 12 (19.0)
Gastrointestinal cancers 7(11.1)
All others 14 (22.2)
Interruption time (days)

<7 10 (15.9)
8-14 14 (22.2)
>14 23 (36.5)
Did not come back for further radiotherapy 16 (25.4)

Adjuvant radiotherapy (n = 63)

Definitive radiotherapy (n = 40) Palliative radiotherapy (n = 26)

21 (52.5 11 (42.3
19 (47.5) 15 (57.7)
27 (67.5 18 (69.2)
13 (32.5 8 (30.8)
0(0) 4 (15.4)
8 (20.0) 12 (46.2)
0(0) 0(0)
14 (35.0) 2(7.7)
14 (35.0) 1(3.8)
0(0) 1(3.8)
4(10.0) 6 (23.1)
7(17.5) 2(7.7)
9 (22.5) 4 (15.4)
17 (42.5) 7(26.9)
7 (17.5) 13 (50.0)

TABLE 2 | The characteristics of patients who did not come back for radiotherapy.

Radiotherapy at another hospital (n = 3)

Systemic therapy alone (n = 10)

No further cancer therapy (n = 23)

Sex, n (%)

Male 1(33.9)
Female 2 (66.7)
Age, n (%)

<65 years 3 (100)
>=65 years 0 (0)
Tumor type, n (%)

Breast cancer 0(0)
Lung cancer 0 (0)
Head and neck cancer 0 (0)
Nasopharyngeal cancer 0 (0)
Cervical cancer 1(33.3)
Gastrointestinal cancer 0 (0)
Others 2 (66.7)
Radiotherapy intent

Definitive 0(0)
Adjuvant 3 (100)
Palliative 0(0)
Family address, n (%)
Wuhan 2 (66.7)
Other cities 1(33.3)

in Hubei Province

which eight fractions were added for an interruption time of 130
days. Adding five to six fractions were offered for four patients
whose interruption time was more than 60 days. The most
common compensation was adding two to three fractions for
any degree of interrupted time. Twelve definitive nasopharyngeal
cancer cases received dose compensation, and the number of
additional fractions varied according to the radiation oncologist’s
discretion as well as suggestions from the treatment team.

Treatment Response of Definitive
Radiotherapy With Interruption

Fourteen definitively-treated patients who returned for
continuation of RT had imaging evaluation at the time they

4 (40.0 13 (56.5)
6 (60.0 10 (43.5)
6 (60.0 14 (60.9)
4 (40.0 9 (39.1)
1(10.0) 1(4.3)
6 (60.0) 5(21.8
0 (0) 5(21.8
1(10.0) 1(4.3)
0(0) 2(8.7)
0(0) 1(4.3)
2 (20.0) 8 (34.8)
3(30.0) 4(17.4)
1(10.0) 12 (52.2)
6 (60.0) 7 (30.4)
4 (40.0 7 (30.4)
6 (60.0 16 (69.6)

elected to re-start RT. According to the Response Evaluation

Criteria for Solid Tumors (RECIST v1.1), 10 (71.4%) patients
experienced a PR, three (21.4%) patients had SD, and only one
(7.2%) patient suffered PD. Detailed information of the patients
who received PR when they returned for continuation of RT is
summarized in Table 3. There were two lung cancer (RT
interruption time of 88 and 117 days, respectively) patients who
had PR after only 16-24 Gy of EQD2 to GTV dose and two
nasopharyngeal cancers (RT interruption time of 48 and 49 days,
respectively) having received 15.2-25.2 Gy, indicating good
radiosensitivity. Unfortunately, a nasopharyngeal cancer patient
with ¢cT3N2MO (stage III, AJCC/UICC 8th) disease experienced
PD. She received two cycles TP (docetaxel + cisplatin) induction

Frontiers in Oncology | www.frontiersin.org

November 2021 | Volume 11 | Article 754838


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Ying et al.

Radiotherapy Interruption During COVID-19 Pandemic

Interruption time (days)

A
10
- 84 °
o)
3
© 6 [
2 X °
:,9_, 4 °
§ D) ee o0 oo
L 24 e0 o eme )
e o0 o
o_m

Fractions added

150

6
°
4
o o0 ° °
2 o o
e o
[ e L e |

0 50 100
Interruption time (days)

150

FIGURE 2 | The relationship between interrupted time and dose compensation fractions for patients with interrupted radiotherapy. (A) Dose compensation for all
cancer patients with interrupted radiotherapy. (B) Dose compensation for nasopharyngeal cancer patients with interrupted radiotherapy.

TABLE 3 | RT details before radiotherapy interruption for patients who received PR when they returned for continuation of definitive RT.

Tumor type Stage Pathological EQD2 to GTV Radiation interrupted time  Treatment before Treatment concurrent with
type (Gy)* (days) RT RT
Casel  Lung cancer T4N3MO  squamous cell 16.0 88 Chemotherapy None
B
Case 2 Lung cancer T3N2MO squamous cell 24.0 17 None Chemotherapy
B
Case 3 Lung cancer T4N2MO squamous cell 48.7 116 Chemotherapy Chemotherapy
B
Case 4 Nasopharyngeal T2N1MO Il Non-keratinizing 25.2 49 Chemotherapy Chemotherapy
cancer
Case 5 Nasopharyngeal T2NTMO Il Non-keratinizing 55.9 74 None Chemotherapy
cancer
Case 6 Nasopharyngeal T3N2MO Ill Non-keratinizing 15.2 48 Chemotherapy Chemotherapy
cancer
Case 7 Nasopharyngeal T2N1MO Il Non-keratinizing 46.4 38 Chemotherapy Chemotherapy
cancer
Case 8 Nasopharyngeal T3NOMO Il Non-keratinizing 50.7 31 Chemotherapy Chemotherapy
cancer
Case 9 Cervical cancer 1B squamous cell 44.0 78 None None
Case Cervical cancer NCr squamous cell 38.0"* 157 Chemotherapy Chemotherapy
10

*Following conversion of all dose-fractionation schemes to EQD2 based on the LQ model, assuming an o/ of 10. ** For cervical cancer, the radiotherapy dose for GTV refers to the external
radiational dose, the patients also received internal radiotherapy at a dose of 12Gy/2 fractions for point A. EQD2, equivalent dose in 2 Gy fractions. GTV, gross tumor volume. PR, partial

response. RT, radiotherapy.

chemotherapy and concurrent interrupted chemoradiotherapy.
She had undergone only 11 Gy/5 fractions to the GTV before
radiotherapy was interrupted for 103 days. MRI indicated a PR for
the nasopharynx tumor but PD for a metastatic lymph neck node.
The patient received subsequent concurrent chemoradiotherapy.
Further follow up of that patient showed a PR for all areas of
disease at one month after completion.

Outcomes of Patients With Interrupted
Radiotherapy

As palliative radiotherapy patients often underwent other
treatments such as chemotherapy, targeted therapy or
immunotherapy, the effect of radiotherapy interruption on
outcomes in that population was not analyzed. We therefore
focused on the analysis of definitive and adjuvant radiotherapy.

The median follow up time (calculated from the date of
radiotherapy completion to the date of last contact)was 14.2
months (range, 10.2-15.5 months). Most patients (85/93, 91.4%)
were followed up for more than one year. The disease
progression type, interrupted time, as well as overall treatment
time is summarized in Table 4.

Among the 40 patients (37 of whom had squamous cell
carcinoma of nasopharyngeal, lung, or cervical origin) who
received definitive radiotherapy, nine patients suffered from
disease progression and five patients died. Three of the seven
(42.9%) patients who did not finish radiotherapy after
interruption died, as compared to only two of the 33 (6.1%)
patients who completed RT (Figure 3A, p = 0.008), while no
difference was found between RT completion and disease
progression (Figure 3B, p = 0.156).
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TABLE 4 | The characteristics of definitive radiotherapy patients with disease progression or suffered death.

Sex Age Diagnosis Stage Histology Dose (Gy)/ Fractions for the first Radiation oTT Relapse type PFS
(vears) course RT before interruption  interrupted (days) (days)
time (days) * *x
Case male 54 Nasopharyngeal T3N2MO, Non- 24/12 75 122 Liver metastasis 139
1 carcinoma Ml keratinizing
Case female 52 Nasopharyngeal T3N2MO, Non- 10/5 103 148  Liver metastasis 40
2 carcinoma Ml keratinizing
Case male 67 Lung cancer T4N2MO, Squamous 4/2 19 57  Regional tumor 141
3 # Ml cell progression
Case male 67 Lung cancer T4N2MO,  Squamous 18/9 - - Regional tumor 63
4 #& il cell progression
Case male 70 Lung cancer T4NOMO, Squamous 6/3 - - Regional tumor 325
S5#& i cell progression
Case female 4l Cervical cancer Il Sguamous 10/5 32 67  Lung metastasis 8
6 cell
Case female 72 Cervical cancer  llIB Squamous 16/8 8 44 None -
T# cell
Case female 81 Cervical cancer  lliC2r Sguamous 10/5 - - Regional tumor 314
8 # & cell progression
Case female 61 Cervical cancer  lliC2r Squamous 20/10 7 48  Chest, abdominal and 126
9 cell pelvic lymph node
metastases

*OTT, overall treatment time. OTT was defined from the date of first day of radiotherapy started to the last day of radiotherapy finished; RT, radiotherapy; **PFS time was defined from the
date radiotherapy finished to the date of disease progression. *Patients died of cancer. éPatients did not finish the radiotherapy after the interruption.

EQD2 (at the time point of RT interruption) to the gross
tumor volume was calculated. Five of the six patients (83.3%)
who received an EQD2 <10 Gy prior to radiotherapy
interruption suffered from disease progression, as compared
with four of the 34 (11.8%) patients with an EQD2 >10 Gy
(Figure 3C, p <0.001). The corresponding death rates were 3/6
(50%) patients versus 2/34 (11.8%) patients, respectively
(Figure 3D, p = 0.003).

For the disease progression type, three patients who did not
finish RT had regional disease progression, and four of the five
patients who finished RT after interruption developed distant
metastases. For the case #7 patient (cervical cancer, 72 years old)
in Table 4, follow up data indicated that the patient died of
severe thrombocytopenia which may have been due to pelvic
radiotherapy and no tumor progression was detected. The
patient went home after she finished RT on February 26, 2021.
She was not able to monitor the blood count change due to
inconvenient visiting to hospital during COVID-19 pandemic
and suffered severe thrombocytopenia and died on April
30, 2021.

Among the 63 patients having received adjuvant radiotherapy,
eight patients suffered from disease progression (four patients
did not finish radiotherapy after interruption) but no patients
died. One patient had local and regional (nodal) relapse, two
with regional lymph node metastasis, and five developed
distant metastasis.

DISCUSSION

The COVID-19 pandemic and the Wuhan lockdown provides a
unique opportunity to evaluate radiotherapy interruptions in the
contemporary era. There have been a few reports regarding this

issue (11, 12), but management and outcomes of these patients
remain scarcely reported in the literature to date.

We have previously reported that patient-perceived risks of
infection and transportation-related difficulties were the main
reasons for RT interruption during the COVID-19 pandemic
(13). In this study, travel inconvenience was one of the most
important factors that led to patients’ interruption of
radiotherapy. Among the 36 patients who did not come back
to our center for radiotherapy, 23 (63.9%) were from other cities
in Hubei Province. There was a small proportion (n = 3, 8.3%) of
patients who attempted to complete their radiotherapy at other
hospitals, while other patients (n = 10, 27.8%) received other
anti-cancer therapies (mostly systemic therapies). There were
unfortunately relatively more (n = 23, 63.9%) patients who did
not receive any further anti-cancer treatment, which may have
affected local control and survival. Follow up indicated that for
definitive and palliative radiotherapy, patients who neither came
back for further radiotherapy nor received other oncologic
treatment more often experienced disease progression and
died. This indicates that for patients with active macroscopic
tumor burden (i.e., definitive or palliative cases), it is still
important to take measures to control tumor progression
during radiotherapy interruption.

According to our center requirement, patients were required
to wear a surgical mask for treatment delivery during the whole
COVID-19 pandemic (14). It is reported that doing so is feasible
and can provide basic protection for patients and staff during the
COVID-19 pandemic (13). The impact of mask wearing on
dosimetry is negligible (only 0.1 mm in water equivalent
thickness) for patients requiring RT to the head and neck
region, or clinical scenarios that require immobilization devices
to that area, and has no impact even for proton beam therapy
(15). However, anatomic and/or tumor-related disruptions from
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FIGURE 3 | The impact of RT interruption on disease progression and survival. (A) The impact of radiotherapy completion on survival. *p = 0.008. (B) The impact of
radiotherapy completion on disease progression. P >0.05. (C) The impact of gross tumor EQD2 (at the time point when RT was interrupted) on survival. **p < 0.001.
(D) The impact of gross tumor EQD?2 (at the time point when RT was interrupted) on disease progression. **p = 0.003.

prolonged radiotherapy interruption still require compensation
by means of replanning, which should be considered in each
patient on an individualized basis.

Regarding compensation of the radiotherapy interruption, no
twice-daily or weekend radiotherapy was applied, owing to its
infeasibility during the COVID-19 pandemic. However, dose
escalation was offered for 32 patients without changing the
fractionation schemes. Fractionation scheme changes (mainly
hypofractionated regimens) were more common for patients
who needed to start their radiotherapy during COVID-19
pandemic (16). There are some suggestions regarding
adjustment of radiation dose and fractionation to compensate
for the short time of the radiotherapy interruption (17). However,
there are no proper guidelines for patients with longer

interruption times; as a result, these cases were managed
according at the discretion of each radiation oncologist with
input from the treatment team. A particularly interesting notion
is whether patients whose tumors had a good response from the
initial radiotherapy course (prior to interruption), presumably
indicating favorable tumor biology, require dose escalation at all.

The preliminary follow up analysis for definitive radiotherapy
(mainly squamous cell carcinoma of nasopharyngeal, lung, or
cervical origin) indicated that patients who finished radiotherapy
even after long interruptions have better prognoses than patients
who did not continue their interrupted radiotherapy, especially
for lung cancer patients. This is consistent with data from a
report of curative-intent radiation therapy for anal cancer,
wherein patients who did not complete chemoradiation had a
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higher risk of requiring salvage abdominoperineal resection,
overall death, cancer-specific death, and colostomy or death
(18). The follow up for patients with interrupted radiotherapy
indicated that most common type of disease progression was
distant metastases for both definitive and for adjuvant
radiotherapy. This implies that chemotherapy or other
systemic therapies may be particularly important during long
radiotherapy interruptions. For patients who finished RT during
the COVID-19 pandemic, RT complications should be a
concern, which should be monitored carefully to avoid severe
complication and death.

The limitation of this study is the heterogenous nature of the
patient population, including the disease site, systemic treatments,
and lack of a uniform standard for dose compensation.
Additionally, our investigation was a retrospective observational
study that is not optimally equipped to draw conclusions
regarding the outcomes of patients with radiotherapy interruption.

CONCLUSIONS

The COVID-19 pandemic and the Wuhan lockdown (January 23
to April 8, 2020) provides a unique opportunity to evaluate
radiotherapy interruptions in the contemporary era. This study
provides the longest follow up for the outcomes of RT
interruption during COVID-19 pandemic to date. It cannot
imply causation but nevertheless implies the importance to
finish RT even after interruption as well as potentially having
patients remain on systemic therapies if RT is to be interrupted.
No patients who came back to continue radiotherapy became
infected by COVID-19, indicating the safety to continue RT with
proper protection measures. As the COVID-19 pandemic
continues to impair adequate healthcare delivery, our
experience may be utilized by other centers to manage the
challenging clinical situation of interrupted radiotherapy.

REFERENCES

1. Ranganathan P, Sengar M, Chinnaswamy G, Agrawal G, Arumugham R,
Bhatt R, et al. Impact of COVID-19 on Cancer Care in India: A Cohort Study.
Lancet Oncol (2021) 22:970-6. doi: 10.1016/S1470-2045(21)00240-0

2. Wakefield DV, Sanders T, Wilson E, Hubler A, DeWeese T, Smith BD, et al.
Initial Impact and Operational Responses to the COVID-19 Pandemic by A
Merican Radiation Oncology Practices. Int ] Radiat Oncol Biol Phys (2020)
108:356-61. doi: 10.1016/j.ijrobp.2020.06.060

3. Jereczek-Fossa BA, Pepa M, Marvaso G, Bruni A, Buglione di Monale E, Bastia M,
et al. COVID-19 Outbreak and Cancer Radiotherapy Disruption in Italy: Survey
Endorsed by the Italian Association of Radiotherapy and Clinical Oncology
(AIRO). Radiother Oncol (2020) 149:89-93. doi: 10.1016/j.radonc.2020.04.061

4. Vaandering A, Ben Mustapha S, Lambrecht M, Van Gestel D, Veldmeman L.
Impact of the COVID-19 Pandemic on Patients and Staff in Radiation
Oncology De Partments in Belgium: A National Survey. Front Oncol (2021)
11:654086. doi: 10.3389/fonc.2021.654086

5. Liang W, Guan W, Chen R, Wang W, Li ], Xu K, et al. Cancer Patients in
SARS-CoV-2 Infection: A Nationwide Analysis in China. Lancet Oncol (2020)
21:335-7. doi: 10.1016/51470-2045(20)30096-6

6. Nagar H, Formenti SC. Cancer and COVID-19 - Potentially Deleterious
Effects of Delaying Radiotherapy. Nat Rev Clin Oncol (2020) 17:332-4.
doi: 10.1038/s41571-020-0375-1

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Hubei Cancer Hospital of
Huazhong University of Science and Technology in Wuhan,
China. Written informed consent for was obtained from the
individual(s) for the publication of any potentially identifiable
data included in this article, while for other participations, written
informed consent was not required for this study in accordance
with the national legislation and the institutional requirement.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

FUNDING

This work was supported by the Hubei Provincial Health
Commission (No. ZY2021M008).

ACKNOWLEDGMENTS

We thank all patients involved in the study, especially for
patients and their families who kindly allowed us to publish
any potentially identifiable data included in this article.

7. Wei W, Zheng D, Lei Y, Wu S, Verma V, Liu Y, et al. Radiotherapy Workflow
and Protection Procedures During the Coronavirus Disease 2019 (COVID-
19) Outbreak: Experience of the Hubei Cancer Hospital in Wuhan, China.
Radiother Oncol (2020) 148:203-10. doi: 10.1016/j.radonc.2020.03.029
. McMillan MT, Ojerholm E, Verma V, Higgins KA, Singhal S, Predina JD,
et al. Radiation Treatment Time and Overall Survival in Locally Advanced
Non-Small Cell Lung Cancer. Int ] Radiat Oncol Biol Phys (2017) 98:1142-52.
doi: 10.1016/j.ijrobp.2017.04.004
9. Yao JJ, Zhang F, Gao TS, Zhang W], Lawrence WR, Zhu BT, et al. Survival
Impact of Radiotherapy Interruption in Nasopharyngeal Carcinoma in the
Intensity-Modulated Radiotherapy Era: A Big-Data Intelligence Platform-
Based Analysis. Radiother Oncol (2019) 132:178-87. doi: 10.1016/
j.radonc.2018.10.018
10. Bese NS, Hendry J, Jeremic B. Effects of Prolongation of Overall Treatment
Time Due to Unplanned Interruptions During Radiotherapy of Different
Tumor Sites and Practical Methods for Compensation. Int ] Radiat Oncol Biol
Phys (2007) 68:654-61. doi: 10.1016/j.ijrobp.2007.03.010
11. Xie C, Wang X, Liu H, Bao Z, YuJ, Zhong Y, et al. Outcomes in Radiotherapy-
Treated Patients With Cancer During the COVID-19 Outbreak in Wuhan,
China. JAMA Oncol (2020) 6:1457-9. doi: 10.1001/jamaoncol.2020.2783

12. Yu D, Hu W, Chen L, Fu Z, Song Q, Li X. Effect of Radiotherapy Interruption
Due to COVID-19 Outbreak. Radiother Oncol (2021) 155:1-2. doi: 10.1016/
j.radonc.2020.09.055

ol

Frontiers in Oncology | www.frontiersin.org

November 2021 | Volume 11 | Article 754838


https://doi.org/10.1016/S1470-2045(21)00240-0
https://doi.org/10.1016/j.ijrobp.2020.06.060
https://doi.org/10.1016/j.radonc.2020.04.061
https://doi.org/10.3389/fonc.2021.654086
https://doi.org/10.1016/S1470-2045(20)30096-6
https://doi.org/10.1038/s41571-020-0375-1
https://doi.org/10.1016/j.radonc.2020.03.029
https://doi.org/10.1016/j.ijrobp.2017.04.004
https://doi.org/10.1016/j.radonc.2018.10.018
https://doi.org/10.1016/j.radonc.2018.10.018
https://doi.org/10.1016/j.ijrobp.2007.03.010
https://doi.org/10.1001/jamaoncol.2020.2783
https://doi.org/10.1016/j.radonc.2020.09.055
https://doi.org/10.1016/j.radonc.2020.09.055
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Ying et al.

Radiotherapy Interruption During COVID-19 Pandemic

13.

14.

15.

16.

17.

18.

Bi J, Wei W, Hu D, Han G. Response Letter: Letter to the Editor Regarding
Wei W Et al.: "Experience of the Hubei Cancer Hospital in Wuhan, China".
Radiother Oncol (2021) 155:€8-9. doi: 10.1016/j.radonc.2020.08.030

Ding Y, Ma P, Li W, Wei X, Qiu X, Hu D, et al. Effect of Surgical Mask on
Setup Error in Head and Neck Radiotherapy. Technol Cancer Res Treat (2020)
19:1533033820974021. doi: 10.1177/1533033820974021

Wang YM, Hsieh YW, Huang BS, Sung KC, Juan KJ, Lee SP, et al. Medical
Mask Wearing During Treatment for Patients Undergoing Radiotherapy in
COVID-19 Pandemic-An Experience of Protocol Setup and Dosimetric
Evaluation for Particle/Proton Beam Therapy. Risk Manag Healthc Policy
(2021) 14:869-73. doi: 10.2147/RMHP.S286404

Pasello G, Menis J, Pilotto S, Frega S, Belluomini L, Pezzuto F, et al. How the
COVID-19 Pandemic Impacted on Integrated Care Pathways for Lung
Cancer: The Parallel Experience of a COVID-Spared and a COVID-
Dedicated Center. Front Oncol (2021) 11:669786. doi: 10.3389/
fonc.2021.669786

The Timely Delivery of Radical Radiotherapy: Guidelines for the Management
of Unscheduled Treatment Interruptions . Available at: www.rcr.ac.uk.
Raphael MJ, Ko G, Booth CM, Brogly SB, Li W, Kalyvas M, et al. Factors
Associated With Chemoradiation Therapy Interruption and Noncompletion

Among Patients With Squamous Cell Anal Carcinoma. JAMA Oncol (2020)
6:881-7. doi: 10.1001/jamaoncol.2020.0809

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Ying Bi, Ding, Wei, Wei, Xin, Xiao, Hu, Verma and Han. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Oncology | www.frontiersin.org

November 2021 | Volume 11 | Article 754838


https://doi.org/10.1016/j.radonc.2020.08.030
https://doi.org/10.1177/1533033820974021
https://doi.org/10.2147/RMHP.S286404
https://doi.org/10.3389/fonc.2021.669786
https://doi.org/10.3389/fonc.2021.669786
http://www.rcr.ac.uk
https://doi.org/10.1001/jamaoncol.2020.0809
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Management and Outcomes of Patients With Radiotherapy Interruption During the COVID-19 Pandemic
	Introduction
	Materials and Methods
	Results
	Management of Patients Who Did Not Come Back For Radiotherapy
	Replanning For Patients Who Came Back For Further Radiotherapy
	Dose Compensation For Patients Who Come Back For Further Radiotherapy
	Treatment Response of Definitive Radiotherapy With Interruption
	Outcomes of Patients With Interrupted Radiotherapy

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


