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Abstract

Aims: In response to the COVID-19 pandemic, guidelines on reduced fractionation for patients treated with curative-intent radiotherapy were published, aimed

at reducing the number of hospital attendances and potential exposure of vulnerable patients to minimise the risk of COVID-19 infection. We describe the

changes that took place in the management of patients with stage IeIII lung cancer from April to October 2020.

Materials and methods: Lung Radiotherapy during the COVID-19 Pandemic (COVID-RT Lung) is a prospective multicentre UK cohort study. The inclusion criteria

were: patients with stage IeIII lung cancer referred for and/or treated with radical radiotherapy between 2nd April and 2nd October 2020. Patients who had had

a change in their management and those who continued with standard management were included. Data on demographics, COVID-19 diagnosis, diagnostic

work-up, radiotherapy and systemic treatment were collected and reported as counts and percentages. Patient characteristics associated with a change in

treatment were analysed using multivariable binary logistic regression.

Results: In total, 1553 patients were included (median age 72 years, 49% female); 93 (12%) had a change to their diagnostic investigation and 528 (34%) had a

change to their treatment from their centre’s standard of care as a result of the COVID-19 pandemic. Age �70 years, male gender and stage III disease were

associated with a change in treatment on multivariable analysis. Patients who had their treatment changed had a median of 15 fractions of radiotherapy
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compared with a median of 20 fractions in those who did not have their treatment changed. Low rates of COVID-19 infection were seen during or after

radiotherapy, with only 21 patients (1.4%) developing the disease.

Conclusions: The COVID-19 pandemic resulted in changes to patient treatment in line with national recommendations. The main change was an increase in

hypofractionation. Further work is ongoing to analyse the impact of these changes on patient outcomes.

� 2021 The Authors. Published by Elsevier Ltd on behalf of The Royal College of Radiologists. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).

Key words: COVID-19; lung cancer; radiotherapy; reduced fractionation

Introduction

At the outset of the coronavirus pandemic in early 2020,

there was paucity of data about the risk of COVID-19 in

patients with lung cancer. Initial reports suggested that

patients with cancer had both a higher risk of COVID-19 and

an increased incidence of intensive care unit admissions

and death [1]. There were concerns that immunosuppres-

sion due to chemotherapy and thoracic radiotherapy [2]

would increase the likelihood of severe COVID-19 infection

in patients with lung cancer. Moreover, cigarette smoking

and comorbidities, such as hypertension and chronic

obstructive pulmonary disease, that are common in pa-

tients with lung cancer, increased the risk of hospital

admission or death from COVID-19 [3]. Consequently, in the

UK, patients undergoing radical radiotherapy for lung can-

cer were identified as clinically extremely vulnerable and

advised to shield [4].

Radiotherapy is used in the primary treatment of

20e60% of patients with lung cancer [5]. It was therefore

crucial to find ways to balance continued access of cancer

patients to radiotherapy while minimising the risk of

COVID-19 infection. To this end, at the start of the first wave

of the COVID-19 pandemic in the UK, a group of clinical

oncologists published guidelines based on current literature

and practice, on how to safely reduce the number of frac-

tions (and therefore hospital visits) when delivering

curative-intent radiotherapy in patients with lung cancer

[6].

Following the publication of the UK recommendations

[6], it is now important to assess their impact on practice

and on the clinical outcome of lung cancer patients

considered for radiotherapy in the UK during the COVID-19

pandemic. Lung Radiotherapy during the COVID-19

Pandemic (COVID-RT Lung) is a UK-wide cohort study

established to record and analyse changes in lung cancer

management and outcomes, with a specific focus on radical

radiotherapy treatment. The study aims to assess the effect

of the COVID-19 pandemic on the diagnostic and treatment

pathways for patients with lung cancer. Here we outline the

initial results from COVID-RT Lung.

Materials and Methods

COVID-RT Lung is a national, multicentre prospective

registry cohort study. Radiotherapy centres in the UK were

sent a letter of invitation to participate in COVID-RT Lung.

Interested centres then registered the project locally as a

clinical audit. Local approval to enter anonymous patient

data was obtained by each participating centre from their

Caldicott Guardian.

Patient Cohort

Patients were eligible for inclusion in COVID-RT Lung if

they had stage IeIII lung cancer and were referred for

curative-intent radiotherapy (biologically equivalent dose

>50 Gy) at a participating centre between 2nd April and

2nd October 2020. Participating radiotherapy centres pro-

spectively collected data from the patient records on all

patients referred for and treated with radical radiotherapy

during the inclusion period, whether or not their treatment

was changed due to the COVID-19 pandemic. Radiotherapy

centres were divided by UK region.

A patient was defined as having a change to their diag-

nostic investigations if standard investigations that would

usually be carried out prior to radiotherapy at their treating

centre were not undertaken as a result of the COVID-19

pandemic. A patient was defined as having a change to

treatment if they had a different treatment to their centre’s

standard of care treatment, taking into account individual

patient characteristics, such as performance status, and

tumour characteristics, such as stage.

The following informationwas collected for each patient:

age at the time of treatment; gender; histology; stage;

baseline Eastern Cooperative Oncology Group Performance

Status (PS) and comorbidities; radiotherapy dose and frac-

tionation; dates of radiotherapy; chemotherapy or immu-

notherapy delivery. Stereotactic ablative body radiotherapy

(SABR) was defined as radiotherapy delivered in �8 frac-

tions of more than 6 Gy per fraction. Specific details on the

chemotherapy drugs used were not collected. A systemic

therapy dose reduction was defined as a reduction in the

number of planned cycles of therapy and/or a reduction in

the dose for any single cycle.

The presence of the following comorbidities was recor-

ded: ischaemic heart disease; congestive heart failure;

cardiac arrhythmia, hypertension; chronic obstructive pul-

monary disease; chronic kidney disease; diabetes; stroke;

dementia and any previous malignancy prior to the current

lung cancer diagnosis. Other comorbidities were recorded

as free text.

Data were collected on COVID-19 diagnosis. Patients

were classified as having COVID-19 if they had a positive

reverse transcriptase polymerase chain reaction (RT-PCR)

nasopharyngeal swab or if they had a clinical diagnosis of

COVID-19 in the absence of an RT-PCR swab.
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In addition, the following datawere collected if available:

Rockwood clinical frailty scale; smoking history; adminis-

tration of granulocyte colony stimulating factor (G-CSF)

during treatment; neutrophil and lymphocyte count in the

final week of radiotherapy.

Study data were collected and managed using the

Research Electronic Data Capture (REDCap) cloud platform

(nPhase Inc, CA, USA) [7] administered by the University of

Manchester Clinical Trials Unit.

Statistical Analysis

Key baseline characteristics were summarised as cate-

gorical variables and reported as counts and percentages.

Adjusted odds ratios and 95% confidence intervals for a

change to diagnostic investigations and treatment from the

centre’s standard of care were estimated by multivariable

binary logistic regression. Age was dichotomised at 70 years

in line with the UK Government’s shielding advice. The

Rockwood frailty score was excluded from multivariable

analysis as more than 50% of the data were missing. North

West England was chosen as the base factor in regional

analysis as it had the largest number of patients. The me-

dian number of radiotherapy fractions were compared us-

ing the Wilcoxon signed rank test. The statistical analysis

was carried out in Rstudio version 3.6.3.

Results

Data on 1553 patients were available for analysis on 17

March 2021. The median age was 72 years (37e93 years),

762 (49%) were female. There were 906 patients (58.3%)

with non-small cell lung cancer (NSCLC) and 482 (31%) had

a radiological diagnosis of cancer. Only 167 patients (10.8%)

had no comorbidities prior to their diagnosis of lung cancer

and 624 patients (40.2%) had three or more comorbidities.

The most common comorbidity was chronic obstructive

pulmonary disease, recorded in 667 patients (42.9%). A list

of participating radiotherapy centres and their region is

given in Supplementary Table S1. Baseline characteristics

are summarised in Table 1.

One hundred and ninety-three patients (12%) had their

diagnostic investigations affected by the pandemic (Table

2). The characteristics of patients who had their diagnostic

investigations changed are listed in Supplementary Table

S2. The most common change was not obtaining histology

prior to treatment in 66 patients.

Radiotherapy details were not recorded for 11 patients.

In 33 patients (2.1%), a watch and wait approach was

adopted, 26 of whom went on to have radiotherapy at a

later date. Three patients (0.2%) had best supportive care

instead of radical treatment and 26 patients referred for

radical treatment had a palliative radiotherapy schedule. In

patients with stage IeII lung cancer, 579 (64.5%) had SABR,

296 (33%) had fractionated curative-intent radiotherapy.

Eight patients had single fraction SABR with 34 Gy. In

patients with stage III lung cancer, 356 patients (55%) had

sequential or concurrent chemoradiotherapy and 264 pa-

tients (40.9%) had curative-intent radiotherapy alone.

Changes to treatment due to the pandemic are shown in

Table 3. The most common change was to the centre’s

standard radiotherapy dose or fractionation. The median

number of fractions of radiotherapy received by patients

who had their treatment changed was significantly lower

than those without a change to their standard radiotherapy

(15 fractions versus 20 fractions, P < 0.001).

A higher proportion of patients with small cell lung

cancer (SCLC) had their treatment changed compared with

patients with NSCLC (44.6% versus 36.4%). The median

radiotherapy dose per fraction for patients with SCLC was

2.67 Gy to a total of 40 Gy, delivered once daily. This

schedule was used with concurrent chemotherapy in 18

patients, with sequential chemotherapy in 65 patients and

without chemotherapy in 10 patients. The schedule of 45 Gy

in 30 fractions bi-daily with concurrent chemotherapy was

delivered in 25 patients with SCLC.

The median radiotherapy dose per fraction for patients

with NSCLC was 2.75 Gy to a total of 55 Gy, delivered with

sequential chemotherapy in 142 patients, concurrent

chemotherapy in 146 patients and without chemotherapy

in 616 patients. In patients with a radiological diagnosis of

lung cancer (assumed to be NSCLC by the multidisciplinary

team), the median radiotherapy dose per fractionwas 11 Gy

to a total of 55 Gy; five patients with a radiological diagnosis

had chemotherapy.

Five hundred and twenty-eight patients (34%) had their

treatment changed from their centre’s standard of care

treatment due to the COVID-19 pandemic. The North West

and Yorkshire/North East of England had the highest pro-

portion of patients who had their treatment changed from

their centre’s standard of care. Multivariable analysis

revealed that male gender, age � 70 years and stage III lung

cancer were associated with a change in treatment (Table

4). Patients of performance status 2e3 were less likely to

have their treatment changed. A change in diagnostic in-

vestigations was associated with a radiological diagnosis of

lung cancer, chronic kidney disease and treatment in

Northern Ireland.

Figure 1 shows the changes in radiotherapy dose per

fraction for patients who did and did not have their treat-

ment changed. A higher proportion of the change to treat-

ment group were treated with 3e5.9 Gy/fraction across all

stages compared with the no change group (27.2% versus

5.1%). No patient in the change to treatment group received

a radiotherapy schedule with <2 Gy/fraction.

Figure 2 shows how the changes to treatment varied

between April and October 2020. In April 2020, 105 of 180

(37%) patients had their treatment changed; in May 2020,

154 of 345 (45%) had their treatment changed. The total

number of patients treated and the proportion of patients

who had a change to their treatment decreased from June to

August 2020.
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Lymphocyte Count at End of Radiotherapy

Lymphocyte count in the final week of radiotherapy was

available for 90 patients with stage IeII lung cancer (10%)

and 210 patients with stage III lung cancer (32.6%). Sixty

patients for whom counts were available had sequential

chemoradiotherapy and 114 had concurrent chemo-

radiotherapy. Themedian lymphocyte count in the last week

of radiotherapy for patients who had any chemotherapy was

0.6� 109/l (0.2e2.4�109/l) and in patientswho did not have

chemotherapy themedian lymphocyte count was 0.7� 109/l

(0.2e2.3 � 109/l). Fourteen patients out of 33 who had a

diagnosis of COVID-19 had a lymphocyte count from the last

week of radiotherapy available for analysis and nine of these

patients had a lymphocyte count �0.5 � 109/l.

Seventy-eight patients in COVID-RT Lung received G-CSF

during treatment. Sixty-one patients who received G-CSF

underwent concurrent chemoradiotherapy; 43 for NSCLC

and 18 for SCLC. Three patients who received G-CSF had a

diagnosis of COVID-19 during their radiotherapy.

COVID-19 Diagnosis and Treatment Delays

Thirty-three (2.1%) patients had a diagnosis of COVID-19,

26 of whom had RT-PCR swab confirmation. Twelve pa-

tients were diagnosed with COVID-19 prior to starting

treatment for lung cancer, six were diagnosed during

radiotherapy and 15 were diagnosed after the end of

radiotherapy. Of the 21 patients who had COVID-19 during

or after radiotherapy, seven patients had stage IeII lung

cancer (0.8% of all early stage patients) and 14 had stage III

disease (2.2% of all stage III patients). Six patients died with

COVID-19 at a median of 175 days (21e279 days) after the

start of radiotherapy.

The median duration of treatment interruption for pa-

tients with confirmed or suspected COVID-19 was 4 days

(1e16 days). In total, 83 patients (5.3%) had an interruption

to radiotherapy for any reason, 18 of whom had their

treatment stopped early. No patient with a diagnosis of

COVID-19 had their treatment stopped early. The most

common reasons for treatment interruptions, apart from

COVID-19, were other infections (10 patients) or treatment

toxicity (10 patients). One patient (who had RT-PCR-

confirmed COVID-19) had a radiotherapy delay compensa-

tion with the addition of two extra fractions at the end of

radiotherapy, making a total dose of 60.5 Gy in 22 fractions.

Discussion

This first analysis of the UK COVID-RT Lung cohort study

has shown that the COVID-19 pandemic led to a subsequent

change to treatment in a third of lung cancer patients

referred for radical radiotherapy between April and October

2020. In addition, the diagnostic pathway was altered in

12% of patients of the same cohort.

The most common change to treatment was the use of a

different radiotherapy dose/fractionation from the centre’s

usual standard of care in 17.5% of patients, resulting in a

higher proportion of patients with lung cancer treated with

hypofractionated radiotherapy. These changes are in line

with a national UK guidance document of hypofractionated

radiotherapy [6]. Greater use of hypofractionation in all

cancers during the COVID-19 pandemic was reported in a

population-based study analysing data from the UK Na-

tional Radiotherapy Dataset [8]. The national dataset

showed an increase in moderately hypofractionated radio-

therapy for patients with lung cancer (2.5e4.9 Gy/fraction)

but little change in ultra-hypofractionated radiotherapy (�5

Gy per fraction). In COVID-RT Lung, there was an increase in

the use of 3e5.9 Gy/fraction regimens in patients who had

their treatment changed for all stages of lung cancer. This

change reflects the increased use of 15-fraction schedules

during the pandemic. The evidence for the use of 60 Gy in

15 fractions comes from a phase II trial in patients with T1-3

N0M0NSCLC, which reported an overall survival of 68.7% at

2 years with a low rate of grade 3þ toxicity [9].

Radiotherapywas suggested as an alternative to surgeryat

the start of the COVID-19 pandemic if there was pressure on

operating and anaesthetic resources [8,10]. We found that

radiotherapywas used as an alternative treatment to surgery

in 9.5% of stage IeII and 2.8% of stage III operable patients

between April and October 2020. The number of patients

who had changes to treatment changed over time with, the

largest number of treatment changes in April andMay 2020.

Our results show a fall in the number of referrals for radical

radiotherapy in June, July and August 2020 which could be

explained by the fall in suspected lung cancer referrals [11].

Multivariable analysis of baseline factors found that male

gender, age �70 years and stage III lung cancer were asso-

ciated with patients having a change to their treatment

from their centre’s standard of care. Spencer et al. [8] also

found that there was more of a decrease in the number of

radiotherapy treatment courses for all cancer patients in

patients aged�70 compared with patients<70 years. Older

age andmale gender have consistently been associatedwith

a higher morbidity and mortality with COVID-19 [3], lead-

ing to adjustment in treatments to mitigate the risk.

When interpreting the results of COVID-RT Lung it

should be noted that standard of care treatment for stage

IeIII lung cancer varies considerably between UK centres.

For this reason, the central question of the analysis was

whether the patient’s treatment had been changed from

their centre’s standard of care.

Results from the National Lung Cancer Audit 2016 re-

ported that 65% of patients who received radical radio-

therapy for stage III lung cancer had sequential or

concurrent chemotherapy [12]. Only 55% of patients with

stage III disease in COVID-RT Lung had chemotherapy in

addition to radical radiotherapy and 10.7% had their

chemotherapy omitted because of the pandemic. The lower

rates of chemotherapy in our study may be due to the

perceived risk of COVID-19 in patients who are immuno-

suppressed [13]. The combination of lower rates of

chemotherapy and more hypofractionated radiotherapy

resulted in patients with stage III disease having more

changes to treatment than those with stage I disease.

Furthermore, we found that patients with PS 2e3 were less

K. Banfill et al. / Clinical Oncology 34 (2022) 19e2722



Table 1

Baseline characteristics stratified by change to treatment [n (%)]

No change Changed Total

Total n (%) 1025 (66.0) 528 (34.0) 1553

Age (years) <70 405 (39.5) 203 (38.4) 608 (39.2)

�70 610 (59.5) 325 (61.6) 935 (60.2)

Missing 10 (1.0) 0 (0.0) 10 (0.6)

Gender Female 524 (51.1) 238 (45.1) 762 (49.1)

Male 495 (48.3) 290 (54.9) 785 (50.5)

Missing 6 (0.6) 0 (0.0) 6 (0.4)

Performance status 0 118 (11.5) 96 (18.2) 214 (13.8)

1 509 (49.7) 309 (58.5) 818 (52.7)

2e3 390 (38.0) 123 (23.3) 513 (33.0)

Missing 8 (0.8) 0 (0.0) 8 (0.5)

Clinical frailty scale 1 18 (1.8) 14 (2.7) 32 (2.1)

2 72 (7.0) 59 (11.2) 131 (8.4)

3 143 (14.0) 115 (21.8) 258 (16.6)

4 101 (9.9) 62 (11.7) 163 (10.5)

5 56 (5.5) 22 (4.2) 78 (5.0)

6 27 (2.6) 10 (1.9) 37 (2.4)

7 7 (0.7) 1 (0.2) 8 (0.5)

Missing 601 (58.6) 245 (46.4) 846 (54.5)

Smoking status Current smoker 298 (29.1) 148 (28.0) 446 (28.7)

Ex-smoker 594 (58.0) 317 (60.0) 911 (58.7)

Never smoker 29 (2.8) 22 (4.2) 51 (3.3)

Missing 104 (10.1) 41 (7.8) 145 (9.3)

Histology NSCLC 576 (56.2) 330 (62.5) 906 (58.3)

SCLC 87 (8.5) 70 (13.3) 157 (10.1)

Radiological diagnosis 354 (34.5) 128 (24.2) 482 (31.0)

Missing 8 (0.8) 0 (0.0) 8 (0.5)

Stage I 473 (46.1) 189 (35.8) 662 (42.6)

II 164 (16.0) 71 (13.4) 235 (15.1)

III 380 (37.1) 265 (50.2) 645 (41.5)

Missing 8 (0.8) 3 (0.6) 11 (0.7)

Region North West England 166 (16.2) 159 (30.1) 325 (20.9)

Yorkshire & North East England 161 (15.7) 106 (20.1) 267 (17.2)

South East England 151 (14.7) 77 (14.6) 228 (14.7)

London 46 (4.5) 17 (3.2) 63 (4.1)

South West England 50 (4.9) 28 (5.3) 78 (5.0)

Midlands 123 (12.0) 49 (9.3) 172 (11.1)

Northern Ireland 88 (8.6) 30 (5.7) 118 (7.6)

Wales 63 (6.1) 42 (8.0) 105 (6.8)

Scotland 177 (17.3) 20 (3.8) 197 (12.7)

IHD No IHD 819 (79.9) 439 (83.1) 1258 (81.0)

IHD 206 (20.1) 89 (16.9) 295 (19.0)

CHF No CHF 964 (94.0) 506 (95.8) 1470 (94.7)

CHF 61 (6.0) 22 (4.2) 83 (5.3)

Cardiac arrhythmia No arrhythmia 912 (89.0) 471 (89.2) 1383 (89.1)

Arrhythmia 113 (11.0) 57 (10.8) 170 (10.9)

Hypertension No hypertension 660 (64.4) 354 (67.0) 1014 (65.3)

Hypertension 365 (35.6) 174 (33.0) 539 (34.7)

COPD No COPD 574 (56.0) 312 (59.1) 886 (57.1)

COPD 451 (44.0) 216 (40.9) 667 (42.9)

CKD No CKD 961 (93.8) 507 (96.0) 1468 (94.5)

CKD 64 (6.2) 21 (4.0) 85 (5.5)

Diabetes No diabetes 859 (83.8) 449 (85.0) 1308 (84.2)

Diabetes 166 (16.2) 79 (15.0) 245 (15.8)

(continued on next page)
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likely to have their treatment changed. Patients with PS 2e3

often receive curative-intent radiotherapy alone rather than

surgery or chemoradiotherapy [12,14], leaving less scope for

their treatment to be changed as a result of the pandemic.

No specific comorbidity was associated with a change in

treatment, although patients with chronic kidney disease

were more likely to have a change to their diagnostic

investigations.

COVID-RT Lung demonstrates geographical variation in

treatment changes, with the North of England having the

greatest proportion of patients with changes to their

treatment. These regions had some of the highest rates of

COVD-19 infection in the UK [15]. Pre-pandemic regional

treatment variations may also explain why some areas of

the country recorded a lower proportion of patients with a

change to treatment.

The incidence of COVID-19 infections in the COVID-RT

Lung cohort was low (2.1% of patients in total and only

1.4% were infected during or after radiotherapy). Variations

in COVID-19 testing policies between centres and over time,

especially the slow roll out of COVID-19 testing nationally

during the initial months of the pandemic, will influence

the reported incidence rate in this study. Nevertheless, the

low COVID-19 rate is reassuring given the high rates of

lymphopenia reported during the last week of radiotherapy

in a subgroup of patients. The low rates of COVID-19

infection and death may reflect the UK Government’s

shielding advice [4] for patients having thoracic radio-

therapy. In addition the use of hypofractionated radio-

therapy, as per UK and international guidance [6,16], may

have reduced the patients’ exposure to COVID-19.

Only six patients in our study died with COVID-19, in

contrast to the high rate of death from COVID-19 reported in

the TERAVOLT [17] registry. TERAVOLT was a small cohort of

200 patients, most with stage IV disease, and included a

skewed population of symptomatic patients on active

treatment who presented to oncological services. The UK

Coronavirus Cancer Monitoring project is a larger UK-based

registry of patients with COVID-19 and cancer, which did

not find an increased case-fatality rate due to COVID-19 in

patients with lung cancer [18]. There were also concerns in

April 2020 that patients having radiotherapy for lung cancer

would have treatment delays as a result of COVID-19 and

therefore the Royal College of Radiologists produced guid-

ance on compensating for treatment gaps [19]. We found

that 5.3% of patients in the COVID-RT Lung cohort had a

treatment gap, but this was more often due to treatment

toxicity or an infection other than COVID-19. The median

treatment gap for patients with suspected COVID-19 during

treatment was 4 days (range 1e16 days), which implies that

most patients continued their treatment during the self-

Table 1 (continued )

No change Changed Total

Stroke/TIA No stroke 930 (90.7) 493 (93.4) 1423 (91.6)

Stroke 95 (9.3) 35 (6.6) 130 (8.4)

Dementia No dementia 1011 (98.6) 522 (98.9) 1533 (98.7)

Dementia 14 (1.4) 6 (1.1) 20 (1.3)

Previous malignancy No previous malignancy 772 (75.3) 423 (80.1) 1195 (76.9)

Previous malignancy 253 (24.7) 105 (19.9) 358 (23.1)

CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; IHD, ischaemic heart disease;

NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; TIA, transient ischaemic attack.

Table 2

Changes to diagnostic investigations

Change to diagnostic investigations Patients n ¼ 1553

Histology not obtained 66 (4.3%)

No nodal sampling 38 (2.5%)

No pulmonary function tests 29 (1.9%)

No brain imaging 32 (2.1%)

No PET-CT or PET-CT out of date* 50 (3.2%)

Delays in diagnosis 11 (0.7%)

PET-CT, positron emission tomography-computed tomography.

* Defined by the local clinical teams.

Table 3

Changes made to patients’ treatment according to lung cancer stage (information on stage was missing for four patients)

Change to treatment Stage IeII (n ¼ 897) Stage III (n ¼ 645)

Any change 260 (29%) 265 (41.1%)

Change to radiotherapy dose/fractionation 144 (16.1%) 126 (19.5%)

Radiotherapy given instead of surgery 85 (9.5%) 18 (2.8%)

Chemotherapy dose reduced 12 (1.3%) 59 (6.8%)

Chemotherapy omitted 9 (1%) 69 (10.7%)

Immunotherapy dose reduced or omitted 0 8 (1.2%)

Watch and wait 31 (3.5%) 2 (0.3%)

Best supportive care 1 (0.1%) 2 (0.3%)

Other 2 (0.2%) 4 (0.6%)
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Table 4

Adjusted odds ratio (aOR) of baseline factors with change to treatment and change to diagnostic investigations

Change to treatment aOR (95% CI) Change to investigations aOR (95% CI)

Age (years) <70 versus �70 1.34 (1.03e1.74) 0.95 (0.64e1.42)

Gender, female versus male 1.36 (1.07e1.73) 0.90 (0.63e1.29)

Performance status, versus 0

1 0.78 (0.55e1.12) 1.00 (0.57e1.82)

2e3 0.37 (0.25e0.56) 0.72 (0.38e1.39)

Smoking status, versus current smoker

Ex-smoker 0.96 (0.73e1.25) 0.74 (0.50e1.10)

Never smoker 1.51 (0.78e2.86) 0.65 (0.20e1.77)

Histology, versus NSCLC

SCLC 1.27 (0.86e1.89) 0.97 (0.46e1.90)

Radiological diagnosis 0.88 (0.64e1.20) 3.83 (2.44e6.09)

Stage, versus stage I

Stage II 0.95 (0.65e1.38) 1.25 (0.73e2.10)

Stage III 1.56 (1.15e2.13) 1.42 (0.88e2.30)

Region, versus North West England

Yorkshire & North East England 0.62 (0.43e0.90) 0.81 (0.43e1.46)

South East England 0.41 (0.27e0.61) 0.34 (0.13e0.75)

London 0.34 (0.18e0.63) 0.29 (0.05e1.02)

South West England 0.41 (0.23e0.71) 1.62 (0.75e3.36)

Midlands 0.41 (0.26e0.65) 0.64 (0.29e1.31)

Northern Ireland 0.33 (0.20e0.54) 13.87 (8.05e24.47)

Wales 0.62 (0.39e1.01) 2.36 (1.22e4.48)

Scotland 0.09 (0.05e0.14) 0.44 (0.21e0.88)

Ischaemic heart disease, no versus yes 0.94 (0.68e1.28) 1.22 (0.78e1.89)

Congestive heart failure, no versus yes 0.98 (0.54e1.74) 0.54 (0.20e1.27)

Arrhythmia, no versus yes 1.07 (0.71e1.60) 1.04 (0.56e1.86)

Hypertension, no versus yes 0.80 (0.62e1.03) 1.15 (0.79e1.68)

COPD, no versus yes 1.24 (0.96e1.60) 1.29 (0.88e1.88)

Chronic kidney disease, no versus yes 0.78 (0.43e1.36) 2.13 (1.03e4.19)

Diabetes, no versus yes 0.99 (0.71e1.39) 1.08 (0.65e1.75)

Stroke, no versus yes 0.83 (0.52e1.30) 1.03 (0.54e1.87)

Dementia, no versus yes 1.19 (0.39e3.27) 0.91 (0.18e3.36)

Previous malignancy, no versus yes 0.86 (0.64e1.15) 1.12 (0.72e1.70)

CI, confidence interval; COPD, chronic obstructive pulmonary disease; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.

Fig 1. Bubble plot of radiotherapy dose per fraction by stage for patients who had standard of care treatment and those who had their treatment

changed.
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isolation period, in order to maximise the potential for cure

[20]. Nevertheless, it is surprising that only one patient in

this cohort had treatment compensation for a gap in

radiotherapy.

Our analysis has limitations as it only includes data from

30 UK radiotherapy centres across the whole of the UK and

participating centres had not completed data collection on

all treated patients at the time of this initial analysis.

Consequently, the denominator of patients with lung cancer

receiving radiotherapy during this period of the pandemic

is not known. The analysis of lymphopenia following

radiotherapy is limited by the small proportion of patients

in COVID-RT Lung for whom lymphocyte count was avail-

able. COVID-RT Lung demonstrates the same pattern of

radiotherapy hypofractionation as reported in national

datasets during the pandemic [8], which indicates that it is

probably representative of changes across the country. Our

study provides more granular detail on the changes to

diagnostic pathways, radiotherapy and systemic therapy in

patients with lung cancer and specifically asks if the patient

had a change to treatment compared with the local stan-

dard of care rather than inferring this from changes in na-

tional datasets over time.

We have shown that the risk of developing COVID-19 in

lung cancer patients receiving radical radiotherapy was

low during the first wave of the pandemic, showing that

the measures put in place by radiotherapy departments to

protect patients [16] were adequate. We have described

the characteristics of patients who had changes to their

centre’s standard of care management and the regional

differences in the management of patients with lung

cancer. An important next step is to report the outcomes of

patients treated during the pandemic in order to assess the

effect of radiotherapy and chemotherapy adaptations on

survival and toxicity. Outcome data are being collected as

data matures. Given the current concerns regarding the

cancer backlog and National Health Service pressures as a

consequence of the pandemic, our study will provide

valuable information to the oncology community to help

guide optimal treatment for lung cancer patients going

forward.
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