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Abstract
Background: The COVID-19 pandemic affected cancer screening, diagnosis and treatments. 
Many surgeries were substituted with bridging therapies during the initial lockdown, yet 
consideration of treatment side effects and their management was not a priority.
Objectives: To examine how the changing social restrictions imposed by the pandemic 
affected incidence and trends of endocrine treatment prescriptions in newly diagnosed 
(incident) breast and prostate cancer patients and, secondarily, endocrine treatment-related 
outcomes (including bisphosphonate prescriptions, osteopenia and osteoporosis), in UK 
clinical practice from March 2020 to June 2022.
Design: Population-based cohort study using UK primary care Clinical Practice Research 
Datalink GOLD database.
Methods: There were 13,701 newly diagnosed breast cancer patients and 12,221 prostate 
cancer patients with ⩾1-year data availability since diagnosis between January 2017 and June 
2022. Incidence rates (IR) and incidence rate ratios (IRR) were calculated across multiple time 
periods before and after lockdown to examine the impact of changing social restrictions on 
endocrine treatments and treatment-related outcomes, including osteopenia, osteoporosis 
and bisphosphonate prescriptions.
Results: In breast cancer patients, aromatase inhibitor (AI) prescriptions increased during 
lockdown versus pre-pandemic [IRR: 1.22 (95% confidence interval (CI): 1.11–1.34)], followed 
by a decrease post-first lockdown [IRR: 0.79 (95% CI: 0.69–0.89)]. In prostate cancer patients, 
first-generation antiandrogen prescriptions increased versus pre-pandemic [IRR: 1.23 (95% 
CI: 1.08–1.4)]. For breast cancer patients on AIs, diagnoses of osteopenia, osteoporosis and 
bisphosphonate prescriptions were reduced across all lockdown periods versus pre-pandemic 
(IRR range: 0.31–0.62).
Conclusion: During the first 2 years of the pandemic, newly diagnosed breast and prostate 
cancer patients were prescribed more endocrine treatments compared to pre-pandemic due 
to restrictions on hospital procedures replacing surgeries with bridging therapies. But breast 
cancer patients had fewer diagnoses of osteopenia and osteoporosis and bisphosphonate 
prescriptions. These patients should be followed up in the coming years for signs of bone 
thinning. Evidence of poorer management of treatment-related side effects will help assess 
resource allocation for patients at high risk for bone-related complications.
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Plain language summary 

Effects of the COVID-19 pandemic on hormone treatments for breast and prostate 
cancer in the UK: implications for bone health

The COVID-19 pandemic has had a big impact on health, going beyond just causing illness. 
One area it has influenced is how patients with breast cancer or prostate cancer are 
treated. Surgeries and radiotherapies were delayed from the first lockdown as hospitals 
reduced non-covid related procedures. Some patients with breast or prostate cancer were 
instead given some medications to help stop their cancers from growing until they were 
able to have surgery or radiotherapy. These medications (called endocrine treatments) 
have important side effects, such as conditions that affect the bones. Patients on these 
medications should be monitored by doctors for signs of bone thinning and should, in 
some cases, be given other medications to help stop this happening. This study used 
doctors’ records from more than 5 million people to find out whether the pandemic 
affected the number of endocrine medications being prescribed in patients with breast or 
prostate cancer, and also looked at the number of these patients that were diagnosed with 
conditions that affect their bones and whether they were given medications that could 
protect their bone health. We found that during the first lockdown, patients with breast 
cancer or prostate cancer had more of some types of endocrine treatments compared to 
before the lockdown. However, they had fewer diagnoses of conditions related to bone 
health and fewer medications to protect their bones. It is possible that appointments and 
tests that are usually carried out to diagnose conditions relating to bone health were 
not performed in the months after the first lockdown, and so these conditions were 
underdiagnosed. The use of medications to protect their bones was also reduced, likely 
because this was not considered a priority during the pandemic. This highlights that such 
patients should be followed up in the coming years for signs of bone thinning, given the 
relatively poorer management of these side effects in these people after the pandemic.

Keywords:  adjuvent therapy, breast cancer, COVID-19, endocrine therapy < hormone therapy, 
pandemic, prostate cancer

Received: 19 January 2024; revised manuscript accepted: 18 April 2024.

Introduction
The COVID-19 pandemic affected healthcare 
beyond the immediate effects of the virus. The 
collateral impact of lockdown affected cancer 
screening, diagnosis and treatment pathways, 
ultimately decreasing cancer survival.1 Indeed, 
recent reports highlight that screening tests for 
breast cancer and visits to breast surgeons were 
delayed in the initial months following lockdown 
and up to at least June 2022 in the United 
Kingdom (UK).2,3 Furthermore, breast and pros-
tate cancer were underdiagnosed between March 
2020 and June 2022.2,4

Because healthcare staff were redeployed to care 
for COVID-19 patients, and many hospital beds 

were allocated to such patients, treatments for 
cancers were altered.4 New guidelines were intro-
duced in Europe for the management of cancer 
patients during the pandemic, including the rec-
ommendation to postpone surgery/radiotherapy 
and instead provide neoadjuvant endocrine ther-
apy for some breast cancer patients during the 
waiting period (though not specifically in the 
UK).5 Similar recommendations were imple-
mented for prostate cancer. Patients with inter-
mediate or high-risk prostate cancer were 
recommended to delay radiotherapy or surgical 
treatment for 3–6 months and instead be adminis-
tered androgen deprivation therapy (ADT) dur-
ing this waiting period in some European 
countries.5

https://journals.sagepub.com/home/tam
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Increases in the use of endocrine therapies dur-
ing the initial phases of the pandemic enabled 
access to treatment amidst a period of turmoil. 
Nevertheless, consideration of the side effects of 
these treatments and how such side effects were 
managed during the pandemic cannot be 
neglected. Indeed, well-known side effects of 
endocrine therapies such as aromatase inhibitors 
(AIs) for breast cancer, gonadotropin-releasing 
hormone (GnRH) analogues for breast and pros-
tate cancer and ADT for prostate cancer include 
hot flushes, night sweats, vaginal dryness (in 
women); as well as mood changes, headaches, 
reduced sex drive and fatigue. In addition, some 
people experience musculoskeletal problems 
such as bone density loss, osteopenia and osteo-
porosis, increasing the risk of bone fractures in 
patients exposed to such drugs.6,7 Common pre-
ventive and treatment strategies to improve bone 
health in such patients include the administra-
tion of anti-osteoporotic treatments. However, 
the assessment of endocrine therapy side effects 
such as osteopenia and osteoporosis was conceiv-
ably not a priority during the COVID-19 pan-
demic. Thus, subsequent diagnosis and treatment 
of treatment-related conditions due to these ther-
apies may have decreased during the COVID-19 
pandemic. Despite this hypothesis, there is no 
available data on the pandemic’s impact on sec-
ondary diagnoses and anti-osteoporotic treat-
ment prescriptions in breast and prostate cancer 
patients.

The primary aim of this study is to examine how 
the changing social restrictions imposed by the 
pandemic affected incidence and trends of endo-
crine treatment prescriptions in newly diagnosed 
(incident) breast and prostate cancer patients 
and, secondarily, endocrine treatment-related 
outcomes relating to bone health (including bis-
phosphonate prescriptions, osteopenia and osteo-
porosis), in UK clinical practice from March 
2020 to June 2022. Evidence of poorer manage-
ment of treatment-related side effects will allow 
us to determine whether there is a need to better 
allocate resources to patients at high risk for bone-
related complications.

Methods

Study design and participants
This is a population-based cohort study using 
routinely collected electronic health records from 
UK Clinical Practice Research Datalink (CPRD) 

GOLD. CPRD GOLD contains pseudo-
anonymized patient-level demographics, lifestyle 
data, clinical diagnoses, prescriptions and preven-
tive care contributed by general practitioners 
(GP) from the UK.8 The use of CPRD data for 
this study was approved by the Independent 
Scientific Advisory Committee (22_002331). 
This database was mapped to the Observational 
Medical Outcomes Partnership (OMOP) 
Common Data Model (CDM).9 The protocol for 
this research was approved by the Research Data 
Governance (RDG) Board of the Medicine and 
Healthcare Products Regulatory Agency database 
research (protocol number 22_002331).

People were eligible if they were registered 
between January 2017 and June 2022 with at least 
1 year of prior history in the database before their 
cancer diagnosis. The incident breast and pros-
tate cancer cohorts excluded individuals diag-
nosed with the same cancer at any time in clinical 
history and those with metastases as we were 
interested in the pandemic’s effect on cancer 
patients who had not previously been under can-
cer management pathways. All endocrine treat-
ments and treatment-related outcomes were 
first-ever events in clinical history.

Drug utilization
The study focused on prescriptions of AIs, AIs 
with GnRH agonists/antagonists, Tamoxifen and 
Tamoxifen with GnRH agonists/antagonists in 
breast cancer patients and first-generation ADT, 
GnRH agonists, GnRH agonists with first-genera-
tion ADT, GnRH antagonists and second-genera-
tion ADT in prostate cancer patients. Endocrine 
treatment-related side effects in breast and pros-
tate cancer patients included bisphosphonate pre-
scriptions, osteopenia and osteoporosis.

All cancer diagnoses and medications were 
defined based on Systematized Nomenclature of 
Medicine Clinical Terms (SNOMED CT)/
RxNorm codes (as appropriate), in the OMOP-
mapped data. Diagnostic codes indicative of 
either non-malignant cancer or metastasis were 
excluded. The cancer diagnosis definitions and 
endocrine treatments were reviewed with the aid 
of the CohortDiagnostics R package.10 This pack-
age was used to identify additional codes of inter-
est and to remove those highlighted as irrelevant 
based on feedback from clinicians with oncology 
expertise through an iterative process during the 
initial stages of analysis. A list of all codes used to 
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define the population and each outcome can be 
found in our GitHub repository: https://github.
com/oxford-pharmacoepi/CancerCovidEndo 
crineTx/tree/main/Concept%20Sets.

Public health restrictions
The ‘exposures’ were the periods of the changing 
social restrictions due to the pandemic in the UK. 
Our observation period was dissected into seven 
time periods as follows: pre-pandemic (January 
2017–February 2020), first lockdown (March 
2020–June 2020), post-first lockdown (July 
2020–October 2020), second lockdown 
(November 2020–December 2020), third lock-
down (January 2021–March 2021), easing of 
restrictions (April 2021–June 2021) and legal 
restrictions removed (July 2021–June 2022). We 
also examined the period covering all lockdown 
periods from March 2020 to June 2022 to make 
comparisons with the pre-pandemic period.

Statistical analyses

Characterization
Patients with incident endocrine treatment pre-
scriptions were characterized on age at index date 
(date of incident outcome), sex, comorbidities 
(based on SNOMED codes) at any time in patient 
history and medication use (based on RxNorm 
codes) within the 90 days prior to their first endo-
crine prescription to gain an understanding of 
their clinical profile. Continuous variables were 
summarized as means and standard deviations, 
medians and interquartile ranges, and categorical 
variables as counts and percentages. Frequency 
counts of less than five were censored to enhance 
patient/practice confidentiality.

Incidence rates and incidence rate ratios
Incidence rates (IR) with 95% confidence inter-
vals (CIs) were calculated for all endocrine treat-
ments and treatment-related outcomes monthly 
and within the pre-pandemic, lockdown and 
post-lockdown periods across the entire observa-
tion period using the IncidencePrevalence R 
package.11 Patients with breast cancer or prostate 
cancer who were diagnosed within the observa-
tion period contributed time-at-risk and, as such, 
contributed to the ‘denominator population’, 
until the earliest of a record of the endocrine 
treatment/treatment-related outcome, transfer 
out of the database, end of the study period or 

death. Incidence rate ratios (IRR) with 95% CI 
were calculated using the IR estimates across the 
post-lockdown periods divided by the IR esti-
mates before lockdown. All statistical code can be 
found in our GitHub repository: https://github.
com/oxford-pharmacoepi/CancerCovidEndo 
crineTx.

Study reporting
The reporting of this study conforms to ‘The 
Strengthening the Reporting of Observational 
Studies in Epidemiology’ Statement: guidelines  
for reporting observational studies from the 
EQUATOR network12 (Supplemental Table S17).

Results

Characterizations of breast and prostate  
cancer patients
Overall, there were 13,760 incident breast cancer 
patients and 8805 incident prostate cancer 
patients included in the denominator populations 
from January 2017 to June 2022. Of those, there 
were 8805 breast cancer patients and 8591 pros-
tate cancer patients on endocrine treatments in 
the year after diagnosis. These patients may have 
been prescribed more than one endocrine treat-
ment during this period after diagnosis. Attrition 
tables showing how the study cohorts were 
derived are shown in Supplemental Tables S1 
and S2.

Demographic characteristics, comorbidities and 
comedications in breast and prostate cancer 
patients are shown in Tables 1 and 2, and in 
breast and prostate cancer patients on different 
endocrine treatments are shown in Supplemental 
Tables S3 and S4. Breast cancer patients on AIs 
were older and had a greater proportion of comor-
bidities and comedications compared to the other 
breast cancer patient groups. There were no pat-
terns in the comorbidities or comedications of 
prostate cancer patients as a function of their 
endocrine treatment.

IRs of endocrine treatments and  
treatment-related outcomes in breast and 
prostate cancer patients
Figures 1 and 2 show the IRs for the endocrine 
treatment prescriptions in breast and prostate 
cancer patients over the whole observation period. 
It is evident that prescriptions of AIs, tamoxifen, 
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Table 1.  Characterizations of breast cancer patients on endocrine treatments.

Variable Aromatase 
inhibitors

Aromatase inhibitors 
with GnRH agonists or 
antagonists

Tamoxifen Tamoxifen with 
GnRH agonists or 
antagonists

N 6634 253 2887 132

Mean (SD) age 68.2 (11.97) 44.86 (6.27) 54.69 (12.19) 42.94 (6.94)

Median (IQR) age 68 (59–77) 46 (40–50) 52 (47–62) 44 (38.75–48)

Median prior history (years) 16.06 (11.1–18.85) 14.47 (6.65–18.23) 15.15 (9.48–17.95) 13.86 (6.66–17.46)

Mean Charlson Index 0 0 0 0

Median Charlson Index 0 0 0 0

N male 0 0 0 0

N Female 6634 253 2887 132

% Female 100 100 100 100

Comorbidities [n (%)]

  Atrial fibrillation 390 (5.88) 0 (0) 40 (1.39) 0 (0)

  Cerebrovascular disease 306 (4.61) <5 (~1) 35 (1.21) <5 (~1)

  Chronic liver disease 40 (0.6) <5 (~0) 8 (0.28) 0 (0)

  Chronic obstructive lung disease 348 (5.25) <5 (~0) 80 (2.77) 0 (0)

  Coronary arteriosclerosis 38 (0.57) 0 (0) 13 (0.45) 0 (0)

  Crohn’s disease 18 (0.27) 0 (0) 8 (0.28) 0 (0)

  Dementia 127 (1.91) 0 (0) 10 (0.35) 0 (0)

  Depressive disorder 1195 (18.01) 58 (22.92) 540 (18.7) 29 (21.97)

  Diabetes mellitus 731 (11.02) 11 (4.35) 127 (4.4) <5 (~3)

  Helicobacter pylori infection 20 (0.3) <5 (~0) <5 (~0) 0 (0)

  Heart disease 925 (13.94) 5 (1.98) 172 (5.96) <5 (~1)

  Heart failure 129 (1.94) 0 (0) 14 (0.48) 0 (0)

  Hepatitis C <5 (~0) 0 (0) <5 (~1) 0 (0)

  HIV 0 (0) 0 (0) 0 (0) 0 (0)

  Hyperlipidaemia 615 (9.27) <5 (~1) 109 (3.78) <5 (~1)

  Hypertension 1835 (27.66) 26 (10.28) 442 (15.31) 10 (7.58)

  Ischaemic heart disease 324 (4.88) <5 (~1) 62 (2.15) 0 (0)

  Lesion liver 87 (1.31) 9 (3.56) 16 (0.55) 0 (0)

  Obesity 277 (4.18) 6 (2.37) 78 (2.7) <5 (~3)

  Osteoarthritis 1532 (23.09) <5 (~1) 328 (11.36) <5 (~2)

(Continued)
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Variable Aromatase 
inhibitors

Aromatase inhibitors 
with GnRH agonists or 
antagonists

Tamoxifen Tamoxifen with 
GnRH agonists or 
antagonists

  Peripheral vascular disease 81 (1.22) 0 (0) 7 (0.24) 0 (0)

  Pneumonia 142 (2.14) <5 (~1) 36 (1.25) 0 (0)

  Psoriasis 245 (3.69) 11 (4.35) 98 (3.39) 5 (3.79)

  Pulmonary embolism 119 (1.79) <5 (~1) 12 (0.42) 0 (0)

  Renal impairment 811 (12.22) <5 (~1) 124 (4.3) 0 (0)

  Rheumatoid arthritis 66 (0.99) <5 (~0) 30 (1.04) <5 (~1)

  Schizophrenia 21 (0.32) <5 (~0) 5 (0.17) 0 (0)

  Ulcerative colitis 29 (0.44) 0 (0) 9 (0.31) <5 (~1)

  Urinary Tract Infection 1055 (15.9) 33 (13.04) 375 (12.99) 10 (7.58)

  Venous thrombosis 418 (6.3) 15 (5.93) 93 (3.22) <5 (~3)

  Visual system disorder 2437 (36.74) 48 (18.97) 731 (25.32) 20 (15.15)

Comedications [n (%)]

  Antidepressants 3529 (53.2) 146 (57.71) 1468 (50.85) 58 (43.94)

  Antiepileptics 1214 (18.3) 32 (12.65) 451 (15.62) 17 (12.88)

  Antiinflammatory/antirheumatic 4489 (67.67) 155 (61.26) 1930 (66.85) 76 (57.58)

  Antineoplastics 426 (6.42) <5 (~1) 122 (4.23) 5 (3.79)

  Antipsoriatics 147 (2.22) 9 (3.56) 77 (2.67) <5 (~3)

  Antipsychotics 2020 (30.45) 77 (30.43) 785 (27.19) 37 (28.03)

  Antithrombotics 1256 (18.93) 32 (12.65) 218 (7.55) 13 (9.85)

  Anxiolytics 2115 (31.88) 86 (33.99) 888 (30.76) 40 (30.3)

  Beta-blockers 2055 (30.98) 68 (26.88) 725 (25.11) 34 (25.76)

  Calcium channel blockers 2092 (31.53) 18 (7.11) 421 (14.58) 7 (5.3)

  Diuretics 2267 (34.17) 18 (7.11) 449 (15.55) 6 (4.55)

  Drugs for acid-related disorders 4496 (67.77) 141 (55.73) 1707 (59.13) 67 (50.76)

  Drugs for diabetes 660 (9.95) 13 (5.14) 134 (4.64) <5 (~3)

  Drugs for obstructive airway diseases 3239 (48.82) 126 (49.8) 1350 (46.76) 60 (45.45)

  Hypnotics/sedatives 1686 (25.41) 77 (30.43) 778 (26.95) 39 (29.55)

  Immunosuppressants 128 (1.93) <5 (~1) 51 (1.77) <5 (~1)

  Opioids 4517 (68.09) 160 (63.24) 1798 (62.28) 79 (59.85)

  Psychostimulants <5 (~1) 0 (0) <5 (~0) 0 (0)

Counts < 5 masked and proportions rounded to nearest 1% in order for patients to remain masked.
IQR, interquartile range; SD, standard deviation.

Table 1.  (Continued)
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Table 2.  Characterizations of prostate cancer patients on endocrine treatments.

Variable First-generation 
antiandrogens

GnRH agonists GnRH agonists with  
first-generation ADT

GnRH/LHRH 
antagonists

Second-generation 
antiandrogens

N 3215 5281 2669 499 20

Mean (SD) age 73.23 (8.15) 73.48 (8.06) 73.45 (7.89) 73.92 (9.09) 72.3 (6.75)

Median (IQR) age 73 (68–78) 74 (68–79) 74 (68–78) 74 (68–80) 74 (67.5–78.2)

Median prior history (years) 16.14 (12.6–18.53) 16.11 (12.68–18.72) 16.08 (12.84–18.44) 16,23 (13.8–18.52) 17.98 (14.77–19.9)

Mean Charlson index 0 0 0 0 0

Median Charlson index 0 0 0 0 0

N male 3215 5281 2669 499 20

N Female 0 0 0 0 0

% Male 0% 0% 0% 0% 0%

Comorbidities [n (%)]

  Atrial fibrillation 286 (8.9) 505 (9.56) 242 (9.07) 69 (13.83) <5 (~5)

  Cerebrovascular disease 233 (7.25) 372 (7.04) 196 (7.34) 52 (10.42) 0 (0)

  Chronic liver disease 12 (0.37) 24 (0.45) 10 (0.37) 7 (1.4) 0 (0)

 � Chronic obstructive lung 
disease

268 (8.34) 413 (7.82) 216 (8.09) 45 (9.02) <5 (~5)

  Coronary arteriosclerosis 61 (1.9) 105 (1.99) 53 (1.99) 21 (4.21) 0 (0)

  Crohn’s disease 11 (0.34) 11 (0.21) 8 (0.3) 0 (0) 0 (0)

  Dementia 41 (1.28) 71 (1.34) 35 (1.31) 8 (1.6) 0 (0)

  Depressive disorder 264 (8.21) 446 (8.45) 205 (7.68) 55 (11.02) <5 (~10)

  Diabetes mellitus 437 (13.59) 747 (14.15) 351 (13.15) 98 (19.64) <5 (~20)

 � Helicobacter pylori 
infection

12 (0.37) 18 (0.34) 10 (0.37) 0 (0) 0 (0)

  Heart disease 798 (24.82) 1295 (24.52) 650 (24.35) 185 (37.07) 0 (0)

  Heart failure 103 (3.2) 180 (3.41) 80 (3) 29 (5.81) 0 (0)

  Hepatitis C <5 (~0) <5 (~0) <5 (~0) <5 (~0) 0 (0)

  HIV <5 (~0) <5 (~0) <5 (~0) 0 (0) 0 (0)

  Hyperlipidaemia 331 (10.3) 577 (10.93) 270 (10.12) 47 (9.42) <5 (~5)

  Hypertension 1065 (33.13) 1741 (32.97) 873 (32.71) 162 (32.46) 9 (45)

  Ischaemic heart disease 402 (12.5) 618 (11.7) 332 (12.44) 109 (21.84) <5 (~15)

  Lesion liver 38 (1.18) 63 (1.19) 31 (1.16) 13 (2.61) <5 (~10)

  Obesity 87 (2.71) 134 (2.54) 72 (2.7) 13 (2.61) 0 (0)

  Osteoarthritis 731 (22.74) 1217 (23.04) 607 (22.74) 102 (20.44) <5 (~20)

(Continued)
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Variable First-generation 
antiandrogens

GnRH agonists GnRH agonists with  
first-generation ADT

GnRH/LHRH 
antagonists

Second-generation 
antiandrogens

 � Peripheral vascular 
disease

74 (2.3) 114 (2.16) 63 (2.36) 15 (3.01) <5 (~5)

  Pneumonia 81 (2.52) 134 (2.54) 66 (2.47) 18 (3.61) 0 (0)

  Psoriasis 93 (2.89) 161 (3.05) 72 (2.7) 12 (2.4) <5 (~5)

  Pulmonary embolism 36 (1.12) 69 (1.31) 32 (1.2) 13 (2.61) 0 (0)

  Renal impairment 453 (14.09) 789 (14.94) 363 (13.6) 116 (23.25) <5 (~10)

  Rheumatoid arthritis 36 (1.12) 56 (1.06) 32 (1.2) 10 (2) 0 (0)

  Schizophrenia 5 (0.16) 7 (0.13) <5 (~0) <5 (~0) 0 (0)

  Ulcerative colitis 9 (0.28) 19 (0.36) 7 (0.26) <5 (~1) 0 (0)

  Urinary Tract Infection 265 (8.24) 417 (7.9) 211 (7.91) 44 (8.82) <5 (~5)

  Venous thrombosis 176 (5.47) 291 (5.51) 148 (5.55) 28 (5.61) <5 (~10)

  Visual system disorder 1147 (35.68) 2012 (38.1) 929 (34.81) 160 (32.06) 6 (30)

Comedications [n (%)]

  Antidepressants 1098 (34.15) 1789 (33.88) 906 (33.95) 169 (33.87) 8 (40)

  Antiepileptics 485 (15.09) 706 (13.37) 386 (14.46) 81 (16.23) <5 (~10)

 � Antiinflammatory/
antirheumatic

2106 (65.51) 3397 (64.32) 1747 (65.46) 316 (63.33) 14 (70)

  Antineoplastics 188 (5.85) 249 (4.72) 145 (5.43) 26 (5.21) <5 (~5)

  Antipsoriatics 88 (2.74) 138 (2.61) 73 (2.74) 19 (3.81) <5 (~5)

  Antipsychotics 600 (18.66) 932 (17.65) 497 (18.62) 84 (16.83) <5 (~15)

  Antithrombotics 969 (30.14) 1517 (28.73) 816 (30.57) 205 (41.08) <5 (~10)

  Anxiolytics 711 (22.12) 1025 (19.41) 585 (21.92) 108 (21.64) <5 (~15)

  Beta-blockers 1130 (35.15) 1774 (33.59) 923 (34.58) 239 (47.9) 8 (40)

 � Calcium channel 
blockers

1310 (40.75) 2145 (40.62) 1078 (40.39) 223 (44.69) 7 (35)

  Diuretics 1030 (32.04) 1693 (32.06) 841 (31.51) 205 (41.08) 7 (35)

 � Drugs for acid-related 
disorders

2175 (67.65) 3446 (65.25) 1788 (66.99) 346 (69.34) 14 (70)

  Drugs for diabetes 417 (12.97) 708 (13.41) 342 (12.81) 92 (18.44) <5 (~20)

 � Drugs for obstructive 
airway diseases

1496 (46.53) 2365 (44.78) 1243 (46.57) 230 (46.09) 12 (60)

  Hypnotics/sedatives 604 (18.79) 912 (17.27) 498 (18.66) 112 (22.44) 6 (30)

  Immunosuppressants 80 (2.49) 114 (2.16) 60 (2.25) 18 (3.61) 0 (0)

  Opioids 2117 (65.85) 3372 (63.85) 1747 (65.46) 374 (74.95) 17 (85)

  Psychostimulants <5 (~1) <5 (~1) <5 (~1) <5 (~0) 0 (0)

Counts < 5 masked and proportions rounded to nearest 1% in order for patients to remain masked.
ADT, androgen deprivation therapy; GnRH, gonadotropin-releasing hormone; IQR, interquartile range; LHRH, leutinizing hormonre releasing hormone; SD, standard deviation.

Table 2.  (Continued)
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first-generation ADT and GnRH agonists with 
first-generation ADT initially increased at the 
time of the first lockdown and then sharply 
reduced in the immediate period thereafter. 
GnRH agonists sharply reduced during the first 
lockdown. Figures 3 and 4 show the IRR of endo-
crine treatment prescriptions in breast and pros-
tate cancer patients during the lockdown and 
post-lockdown periods compared to pre-pan-
demic rates. In patients with breast cancer, dur-
ing the initial lockdown, prescriptions of AIs 
increased compared to the pre-pandemic period 
[IRR: 1.22 (95% CI: 1.11–1.34)] and remained 
elevated across the majority of the post-lockdown 
periods. In patients with prostate cancer, during 
the initial lockdown, there was an increase in pre-
scriptions of first-generation ADT compared to 
pre-lockdown [IRR: 1.23 (95% CI: 1.08–1.4)] 
which remained elevated across the majority of 

the post-lockdown periods, and at the same time 
a decrease in prescriptions of GnRH agonists 
[IRR: 0.85 (95% CI: 0.76–0.95)]. Rates remained 
below pre-pandemic rates for GnRH agonists 
until the third lockdown. First-generation ADT 
and GnRH agonists/antagonists, singularly or in 
combination, were more frequently prescribed 
from March 2021 onwards.

IRR, number of events and IR, which show the 
data used to derive Figures 1–4 are included in 
Supplemental Tables S5–S7 for breast cancer 
and Supplemental Tables S8–S10 for prostate 
cancer.

Figures 5 and 6 show the IR of endocrine treat-
ment-related outcomes in breast cancer patients 
on AIs and prostate cancer patients on any endo-
crine treatment over the whole observation period. 

Figure 3.  Incidence rate ratios (and 95% confidence intervals) of endocrine treatments in breast cancer 
patients in the post-lockdown periods compared to pre-pandemic rates.
Dashed line indicates start of pandemic. Lockdown periods defined as: lockdown (March 2020–June 2020); post-first 
lockdown (July 2020–October 2020); second lockdown (November 2020–December 2020); third lockdown (January 
2021–March 2021); easing of restrictions (April 2021–June 2021) and most legal restrictions removed (July 2021–June 2022).
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It is evident that in breast cancer patients on AIs, 
diagnoses of osteopenia and osteoporosis were not 
being made immediately following the first lock-
down. There were no clear patterns for prostate 
cancer patients, largely due to a small number of 
events. Figures 7 and 8 show the IRR of endocrine 
treatment-related outcomes in breast cancer 
patients on AIs and prostate cancer patients on 
any endocrine treatment during the lockdown and 
post-lockdown periods compared to pre-pan-
demic rates. Bisphosphonate prescriptions were 
significantly reduced across all lockdown periods 
between March 2020 and June 2022 (IRR range: 
0.40–0.62) for breast cancer patients on AIs, as 
were diagnoses of osteopenia (IRR range: 0.31–
0.6) and osteoporosis (all except for the post-first 
lockdown period) (IRR range: 0.36–0.55). For 
breast cancer patients on tamoxifen, monthly 
counts of all treatment-related outcomes were too 

small to be included in IR analyses (counts per 
month < 5). For prostate cancer patients on any 
endocrine treatments, IR was no different pre-
pandemic compared to after March 2020 for bis-
phosphonates, and monthly counts too small for 
osteopenia and osteoporosis.

IRR, number of events and IR, which show the 
data used to derive Figures 5–8 are included in 
Supplemental Tables S11–S13 for breast cancer 
patients on AIs and Supplemental Tables S14–
S16 for prostate cancer patients on any endocrine 
treatment.

Discussion
In this study, we examined the impact of the 
changing social restrictions imposed by the 
COVID-19 pandemic on the incidence and 

Figure 4.  Incidence rate ratios (and 95% confidence intervals) of endocrine treatments in prostate cancer 
patients in the post-lockdown periods compared to pre-pandemic rates.
Dashed line indicates start of pandemic. Lockdown periods defined as: lockdown (March 2020–June 2020); post-first 
lockdown (July 2020–October 2020); second lockdown (November 2020–December 2020); third lockdown (January 
2021–March 2021); easing of restrictions (April 2021–June 2021) and most legal restrictions removed (July 2021–June 2022).
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trends of endocrine treatments, and secondarily 
endocrine treatment-related outcomes of osteo-
penia and osteoporosis, and bisphosphonate pre-
scriptions in breast and prostate cancer patients 
on endocrine treatments in the UK from January 
2017 to June 2022.

In the months immediately following the first 
lockdown, incidence of prescriptions of AIs in 
breast cancer patients and first-generation ADT 
in prostate cancer patients increased compared to 
pre-pandemic rates and remained elevated across 
the majority of the post-lockdown period between 
March 2020 and June 2022. This mirrors recom-
mendations by some European guidelines for the 
management of breast and prostate cancer 
patients diagnosed during the early pandemic: 
delaying surgery or radiotherapy in the first 
3–6 months of the pandemic and instead 

prescribing endocrine therapy.5 While delaying 
surgery or radiotherapy for breast or prostate can-
cer was not an official change to UK management 
guidelines, the results presented here demon-
strate that approaches that limited in-patient hos-
pital time appear to have been implemented in 
the UK during the pandemic (though it should be 
acknowledged that our results from primary care 
do not allow us to examine reductions in surgery 
or radiotherapy). This is in line with other 
research from the UK and worldwide. Indeed, 
one UK study demonstrated that alterations to 
breast cancer management were implemented in 
nearly 60% of patients, and many surgical inter-
ventions were substituted with ‘bridging’ endo-
crine therapy.13 In the Netherlands neoadjuvant 
endocrine therapies for breast cancer increased by 
339% during lockdown.14 As well as reduced 
availability of surgical resources, radiotherapies 

Figure 7.  Incidence rate ratios (and 95% confidence intervals) of endocrine treatment-related outcomes in 
breast cancer patients on aromatase inhibitors in the post-lockdown periods compared to pre-pandemic rates.
Dashed line indicates start of pandemic. Lockdown periods defined as: lockdown (March 2020–June 2020); post-first 
lockdown (July 2020–October 2020); second lockdown (November 2020–December 2020); third lockdown (January 
2021–March 2021); easing of restrictions (April 2021–June 2021) and most legal restrictions removed (July 2021–June 2022).
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and hospital beds, concern that chemotherapy-
induced immunosuppression would increase risk 
for COVID-19 complications may have influ-
enced clinicians’ decisions to switch patients to 
alternative therapies.15 An international survey of 
breast cancer management strategies indicated 
that 51% of clinician respondents reported modi-
fications to chemotherapy treatments during the 
pandemic and that 68% considered postponing 
surgery and administering endocrine treatments 
to patients with luminal A disease during the 
pandemic.15

With regards to changes to prostate cancer man-
agement, it is perhaps no surprise that prescrip-
tions of GnRH analogues were reduced across the 
pandemic as these drugs are typically injected by 
a clinician, whereas the first-generation ADT 

therapies can be administered orally. That said, 
initial concerns about ADT increasing SARS-
Cov-2 infection risk, COVID-19 complications 
requiring hospitalization and mortality16 might 
have led clinicians to be cautious about prescrib-
ing such medications in the early pandemic. 
Despite contradictory evidence, several system-
atic reviews and meta-analyses have now demon-
strated no association between ADT and 
COVID-19 complications.17–20

While endocrine therapies can be effective in neo-
adjuvant settings for breast and prostate cancer, 
the use of some endocrine therapies has been 
associated with poor bone health. One study 
demonstrated that AIs exhibit a significantly 
increased relative risk of 1.3 for bone loss (includ-
ing osteopenia and osteoporosis) compared to 

Figure 8.  Incidence rate ratios (and 95% confidence intervals) of endocrine treatment-related outcomes 
(bisphosphonates) in prostate cancer patients on endocrine treatments in the post-lockdown periods 
compared to pre-pandemic rates.
Dashed line indicates start of pandemic. Lockdown periods defined as: lockdown (March 2020–June 2020); post-first 
lockdown (July 2020–October 2020); second lockdown (November 2020–December 2020); third lockdown (January 
2021–March 2021); easing of restrictions (April 2021–June 2021) and most legal restrictions removed (July 2021–June 2022).
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patients not treated with AIs.21 Likewise, the use 
of endocrine therapy in the treatment of prostate 
cancer has been shown to be associated with 
around 4.6% bone loss per year in men treated 
with GnRH analogues compared to a typical rate 
of 0.5% per year in healthy men.22 In a small 
study of 105 patients treated with ADT for pros-
tate cancer, prevalence of osteoporosis increased 
from around 10% at the beginning of the study to 
22% at 2-year follow-up.23

Given the increased use of AIs in breast cancer 
patients and ADT in prostate cancer patients 
across the pandemic, a secondary aim of this 
study was to investigate the rate of diagnosis of 
secondary diseases such as osteoporosis before 
and after lockdown and the possibility that such 
diagnoses may have been missed due to poorer 
treatment evaluation during the pandemic for 
these two therapies. Our results indicate that 
diagnoses of osteopenia and osteoporosis were 
reduced across the pandemic compared to the 
pre-pandemic era for new AI users. It is possible 
that this is at least partially driven by delayed 
assessments and bone scans during the pandemic. 
Selective channelling of patients and reductions 
in unnecessary testing may have occurred to 
reduce social contact during the pandemic, lead-
ing to fewer bone-related diagnoses than expected. 
Indeed, in a worldwide survey to primarily medi-
cal oncologists, 64% of respondents reported 
reduced frequency of DEXA scans in the first 
4 months of the pandemic and difficulties with 
access to GP or hospital-administered treatments 
such as intravenous bisphosphonates or subcuta-
neous denosumab.24 Sixty-six percent of respond-
ents reported that adjuvant intravenous 
bisphosphonate use had been impacted by the 
pandemic in terms of delayed treatment, missed 
appointments and reduced clinical capacity, 
requiring a switch from intravenous to oral 
administration, while nearly a quarter of respond-
ents reported decreased use of oral bisphospho-
nates. This is in line with our results, which show 
that bisphosphonate prescriptions were indeed 
reduced across the pandemic for breast cancer 
patients on AIs (though it should be noted that 
this pattern is seen in other populations, not lim-
ited to cancer patients25).

In contrast, no differences in bone-related treat-
ment outcomes across lockdown periods were 
observed for new prostate cancer ADT users. 
This could be explained by the fact that bone 

health assessments are less common in the male 
population compared to females (whose risk for 
bone-related complications, particularly after 
menopause, is higher than males26). Alternative 
explanations include the fact that first-generation 
ADT used as monotherapy (such as bicaluta-
mide) preserves bone mineral density, reducing 
the likelihood of bone-related complications. In 
contrast, GnRH agonists do affect bone health, 
and the decreased prescriptions observed during 
the pandemic may have consequently reduced 
any pandemic-related effects on bone-related 
outcomes in this population.

Strengths and weaknesses of the study
This study benefits from the strengths of CPRD 
GOLD, known for its extensive UK population 
coverage and comprehensive healthcare records,8 
facilitating thorough phenotyping of cancers and 
endocrine treatments. The longitudinal nature of 
the database enabled an examination of the trend 
in endocrine prescriptions over a period of nearly 
2 years beyond the start of the pandemic. However, 
this study also has some limitations. First, as these 
data are derived from primary care and not linked 
to cancer registry or in-patient data, we were una-
ble to investigate the hypothesis that endocrine 
treatments may have increased in use across the 
pandemic because of delays in surgery, radiother-
apy and other hospital-initiated treatments. 
Furthermore, our assessment of rates of endocrine 
therapies that may be administered in secondary 
care (e.g. GnRH analogues) may be underesti-
mated, given our focus on primary care data. 
Further research on secondary care, hospital set-
tings and cancer registries is therefore needed. 
Second, the generalizability of findings is predomi-
nantly limited to England and Scotland, with less 
representation from Wales and Northern Ireland. 
That said, the composition of patients and prac-
tices in the database has changed over time. The 
advent of the CPRD AURUM database saw some 
practices transferred from GOLD to AURUM. 
Across our observation period, practices from 
England and Northern Ireland reduced, while 
practices from Scotland and Wales increased. 
Reassuringly, the IR of the endocrine treatments in 
the breast and prostate cancer populations across 
time and region were largely equivalent, except for 
smaller counts of AIs with GnRH and Tamoxifen 
with GnRH in England and Northern Ireland 
post-lockdown and slightly higher rates of GnRH 
agonists with first-generation ADT post-lockdown, 
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likely reflecting the change in population composi-
tion (see Supplemental Figures S1 and S2). 
Finally, the focus of our manuscript was on endo-
crine treatment outcomes related to bone health. 
We acknowledge that there is a multitude of poten-
tial side effects of these drugs [including hot 
flushes, night sweats, vaginal dryness (in women), 
reduced sex drive, mood changes and fatigue] and 
that further research should shed light on the 
impact of the pandemic on these other outcomes.

Conclusion
During the early months of the pandemic, newly 
diagnosed breast cancer or prostate cancer 
patients were more likely to be prescribed AIs (for 
breast) or first-generation antiandrogens (for 
prostate cancer) compared to before the pan-
demic. This is likely driven by delays in surgery, 
radiotherapy or other treatments requiring hospi-
tal visits, and endocrine therapy being prescribed 
as a neoadjuvant/bridging therapy. These changes 
to routine practice (delays in surgery and radio-
therapy) have far-reaching impacts not only for 
the patient journey but health economy. Delays in 
surgery and radiotherapy are likely to result in 
higher healthcare costs in the long term, as 
delayed treatment can lead to more advanced dis-
ease progression, requiring more intensive and 
costly interventions such as chemotherapy, long 
hospital stays and palliative care. Indirect eco-
nomic costs include reduced workforce produc-
tivity, as well as management of psychological 
distress associated with delayed provision of can-
cer care during the pandemic.27,28 Furthermore, 
prolonged exposure to these endocrine drugs may 
lead to adverse effects such as cardiovascular 
complications, osteoporosis and metabolic disor-
ders,29 impacting the overall health and quality of 
life of cancer patients.

Despite this initial increased prescribing of AIs in 
breast cancer patients, it appears these patients 
received fewer bisphosphonate prescriptions to 
protect against bone thinning as a result of endo-
crine exposure. At the same time, diagnosis rates 
of osteopenia and osteoporosis were reduced 
compared to pre-pandemic, potentially due to the 
lack of diagnostic testing for these conditions dur-
ing the pandemic. These results highlight the 
need to follow-up with breast cancer patients on 
AIs in the coming years for signs of bone thin-
ning, given the relatively poorer management of 
endocrine treatment-related side effects in this 
population during the pandemic.
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