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Effects of antipsychotic drugs
during radiotherapy in breast
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retrospective cohort study

In Gyu Hwang?, Sun Mi Kim?, Dae Ryong Kang®®, Tae-Hwa Go3, Se Hwa Hong?,
Shin Young Park*, Hyunho Lee* & Jin Hwa Choi 5

In this study, we aimed to investigate the nationwide utilization of antipsychotic drugs (APDs)

during radiotherapy and evaluate their association with survival in patients with breast cancer.

This retrospective cohort study used the National Health Insurance Service database in Korea and
included patients diagnosed with breast cancer from 2010 to 2020 who received radiotherapy. The
APDs included in the analysis were aripiprazole, quetiapine, olanzapine, risperidone, haloperidol, and
chlorpromazine, and the APD prescription details included prescription time, dosage, and duration.
Among 170,226 patients with breast cancer treated with radiotherapy, 3361 (1.97%) received APD
during radiotherapy. Use of APDs was significantly associated with higher mortality in all patients and
in a subgroup of patients excluding those with metastasis or other cancers. Among patients taking
APD during radiotherapy, those with accompanied psychiatric history and long-term APD use for >3
months were associated with lower mortality, whereas patients who started APD during radiotherapy
had higher mortality than those who started APD before radiotherapy. The high mortality observed

in breast cancer patients using APDs during radiotherapy could be influenced by the underlying
conditions that necessitated APD use. Further studies are needed to determine the effects of APDs
during radiotherapy in patients with breast cancer.
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Radiotherapy plays a crucial role in the treatment of breast cancer. Previous meta-analyses have demonstrated the
overall survival benefit of adjuvant radiotherapy for invasive cancers not only after breast-conserving surgery but
also after total mastectomy for advanced-stage breast cancer»2. Moreover, radiotherapy has been widely applied
in palliative care for local lesions in metastatic breast cancer. Based on the treatment plan, the radiotherapy
schedule generally lasts for 3-9 weeks, and drugs being taken for other medical conditions, including psychiatric
drugs, should be concurrently used during the radiotherapy period.

Antipsychotic drugs (APDs) are used in various clinical settings and for major clinical conditions, such as
schizophrenia, bipolar disorder, other psychoses, and dementia. However, in recent decades, the off-label use of
APDs has shown an increasing trend worldwide®*. Despite their more tolerable safety profile’, the use of second-
generation APDs has been associated with metabolic and endocrine abnormalities®. A particularly common side
effect of APD is elevated prolactin levels, which occurs secondary to the direct blockade of the D2 dopamine
receptors in the pituitary gland’. APDs may transiently increase prolactin release; however, first-generation
APDs and some second-generation APDs (e.g., risperidone and amisulpride) have been shown to prolong the
elevation of prolactin levels, leading to osteoporosis, galactorrhea, and sexual dysfunction®. Furthermore,
prolactin may be associated with both etiology and progression of breast cancer.

Breast cancer occurs approximately 25% more frequently in women with schizophrenia than in the general
female population'®. Although hyper-prolactinemia increases the risk of breast cancer in women, the association
of APD with breast cancer remains relatively unelucidated!"!2, despite reports stating that APD use increases
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the risk of breast cancer!>. However, few studies have investigated the effects of APDs on survival during breast
cancer treatment.

Therefore, in this study, we aimed to investigate the effects of APD use during radiotherapy on the survival
of patients with breast cancer. We explored real-world situations in the Republic of Korea by using data from a
nationwide healthcare database managed by the National Health Insurance Service (NHIS).

Results

Frequency of APD use and baseline patient characteristics

From the NHIS database, we identified a total of 725,897 patients with cancer who underwent radiotherapy, and
among them, 170,226 patients with breast cancer were enrolled in this analysis. Among patients who received
radiotherapy for breast cancer, 12,401 (7.29%) received APDs throughout the study period, whereas 3,361
(1.97%) received APDs during radiotherapy. A flowchart of the patient-selection process is shown in Fig. 1.

Table 1 presents the baseline characteristics and proportion of APD use according to each characteristic.
The proportion of APD use was calculated as the percentage of patients with APD use among all participants
evaluated for each variable. Based on whether an APD was used, statistically significant differences were noted
in all variables (p <0.0001).

Only 0.21% of male patients with breast cancer received radiotherapy. Among patients with APD use, 34.39%,
21.04%, 9.43% and 2.86% were in their 50s, 60s, 70s, and > 80 years, respectively. The proportions of APD use
in each age group were as follows: 2.04%, 2.37%, 3.03% and 6.73% in their 50s, 60s, 70s, and >80, respectively.
Charlson comorbidity index (CCI) >3 was recorded in 59.63% of APD patients and in 47.16% of non-APD
patients. In APD patients during radiotherapy, 2,690 (80.04%) had psychiatric history; the proportion of patients
with bipolar disorder, psychotic disorder, depressive disorder, delirium, and other psychiatric disorders was
27.93%, 29.19%, 52.51%, 2.13%, and 16.01%, respectively. In patients with bipolar disorder, psychotic disorder,
depressive disorder, disorder, delirium, and other psychiatric disorders, the proportion of APD patients was
41.22%, 61.78%, 6.95%, 79.59%, and 1.64%, respectively. In non-APD patients, the proportion of patients with
other cancers or metastases was 3.25% and 8.11%, respectively, whereas in APD patients, the proportion was
18.35% and 37.96%, respectively.

Prescription of APD

The details of APD prescription were confirmed for all patients who received radiotherapy for breast cancer
during the study period (2010-2020) or during radiotherapy. During the total study period, 12,401 (7.2%)
participants were prescribed APD, and the most frequently prescribed APDs were quetiapine (58.04%), followed
by olanzapine (22.84%), risperidone (12.07%), chlorpromazine (3.83%), aripiprazole (0.18%), and haloperidol
(0.04%) on duplicate-allowed prescription basis. For duplicate-allowed prescriptions, the proportion of APDs
prescribed during radiotherapy was as follows: quetiapine (62.97%), risperidone (18.15%), olanzapine (15.3%),
chlorpromazine (3.44%), and aripiprazole (0.14%). For single prescriptions, the APDs that were most frequently
prescribed during radiotherapy were quetiapine (66.66%), risperidone (15.57%), olanzapine (14.93%),
chlorpromazine (2.72%), and aripiprazole (0.13%). Overall, 6.9% of patients received complex prescriptions for
APD during radiotherapy, as shown in Table 2.

Among the patients who were prescribed APDs, 53.91% and 46.09% were prescribed APDs before and
during radiotherapy, respectively. Moreover, 37.52% of these patients were prescribed APD after radiotherapy,
and 52% of the patients who used APD after radiotherapy were prescribed APD even 1 year after radiotherapy.
Among the APD-prescribed patients, 88% and 12% were prescribed low-dose and high-dose APDs, respectively.
Among the patients who were prescribed APDs, 55% had a prescription duration <3 months, whereas 45%
had prescription durations >3 months. The APD prescription times based on radiotherapy and APD doses are
presented in Table 3.

National Health Insurance Service dataset
Patients diagnosed with cancer and treated with
radiotherapy (RT) from 2010-2020
(N=977,706)

l

Eligible patients with breast cancer
who underwent RT
(N=170,226)

'
{ |

Patients who took APD Patients who took APD
(N=12,401) and no APD (N=3,361) and no APD
(N=157,825) (N=166,365) during RT

Abbreviations: APD, antipsychotic drug

Fig. 1. Flowchart depicting participant selection for this study.
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Category Total APD (-) APD (+) Proportion of APD(%)
Total 170.226 | 166,865 3361 1.97
Sex

Male 351 (0.21%) | 327 (0.2%) 24 (0.71%) 6.84
Female 169,875 (99.79%) | 166,538 (99.8%) | 3,337 (99.29%) | 1.96
Age (mean, SD) 52.5(10.5) 55.33 (11.47)

<30 1,178 (0.69%) | 1,159 (0.69%) | 19 (0.57%) 1.61
30-39 14,484 (8.51%) | 14,268 (8.55%) | 216 (6.43%) 1.49
40-49 56,208 (33.02%) | 55,358 (33.18%) | 850 (25.29%) | 1.51
50— 49 56,636 (33.27%) | 55,480 (33.25%) | 1,156 (34.39%) | 2.04
60-69 29,821 (17.52%) | 29,114 (17.45%) | 707 (21.04%) | 2.37
70-79 10,473 (6.15%) | 10,156 (6.09%) | 317 (9.43%) 3.03
>80 1,426 (0.8%) | 1,330 (0.8%) 96 (2.86%) 6.73
CCI (mean, SD) 3.22(2.7) 4.07 (3.12)

0 14,968 (8.79%) | 14,696 (8.81%) | 272 (8.09%) 1.82
1 34,547 (20.29%) | 34,029 (20.39%) | 518 (15.41%) | 1.5
2 40,009 (23.50%) | 39,442 (23.64%) | 567 (16.87%) | 1.42
>3 80,702 (47.41%) | 78,698 (47.16%) | 2,004 (59.63%) | 2.48
Medical history

Hypertension (110-115) 51,754 (30.40%) | 50,424 (30.22%) | 1,330 (39.57%) | 2.57
Dyslipidemia (E78) 97,137(57.06%) | 94,971 (56.91%) | 2,166 (64.45%) | 2.23
%lag_e];e&l)v[eu““s 46,764 (27.47%) | 45,449 (27.24%) | 1,315 (39.13%) | 2.81
Chronic Renal Disease (N17-N19) 4,216 (2.48%) | 4,067 (2.44%) | 149 (4.43%) 3.53
Stroke (160-169) 15,136 (8.89%) | 14,676 (8.8%) | 460 (13.69%) | 3.04
Peripheral Vascular Disease (170-179) 31,961(18.77%) | 31,149 (18.6%7) | 812 (24.16%) 2.54
Myocardial Infarction (121, 122) 2,422 (1.42%) | 2,339 (1.4%) 83 (2.47%) 3.43
?5‘566{1; D55-59) 38,253 (22.47%) | 37,299 (22.35%) | 954 (28.38%) | 2.49
Psychiatric history 60,467 (35.52%) | 57,777 (34.62%) | 2,690 (80.04%)
?F‘I;gla;ﬁ‘)s‘”d“ 2,278 (1.33%) | 1,339 (0.80%) | 939 (27.94%) | 41.22
f;;’g}_‘l‘:’;;)dis"rder 1,588 (0.93%) | 607 (0.36%) 981 (29.19%) | 61.78
Depressive disorder

(Fa0-F34) 25,387 (14.91%) | 23,622 (14.16%) | 1,765 (52.5%1) | 6.95
Delirium (F05) 538 (0.06) | 20 (0.01%) 78 (2.32%) 79.59
Other psychiatric disorders (F00-F99) | 32,727 (35.52%) | 42,189 (19.29%) | 538 (16.01%) | 1.64
Co-diagnosis

Other cancer 6,045 (3.55%) | 5,428 (3.25%) | 617(18.35%) | 10.21
Metastasis (C77-C79) 14,808 (8.70%) | 13,532(8.11%) | 1,276 (37.96%) | 8.62

Table 1. Baseline characteristics and proportion of antipsychotic drug use. RT, Radiotherapy; APD,

Antipsychotic drugs; CCI, Charlson comorbidity index. *Proportion of APD: APD (+) / (APD (-) + APD (+))

*100. > Based on whether ADP was used, there was a statistically significant difference in all variables.

Survival stratified by APD use

Table 4 presents the survival analyses based on APD use during radiotherapy. Using Cox proportional hazard
regression analysis, we estimated the risk of mortality without adjustment and with adjustment by sex, age, CCI,
medical history, and psychiatric history. These analyses were performed on all patients and after excluding those
with metastases or other cancers. Among the entire study cohort, APD use during radiotherapy was significantly
associated with higher mortality in the unadjusted and adjusted analyses (unadjusted HR: 8.62, 95% CI: 8.19-
9.07; adjusted HR: 11.07, 95% CI: 10.42-11.77; p<0.0001; Fig. 2a). Among patients who used APDs during
radiotherapy, those with a psychiatric history exhibited lower mortality than those without (adjusted HR: 035,
95% CI: 0.27-0.45, p < 0.001). Within the subgroup of patients with a psychiatric history who used APDs during
radiotherapy, those without delirium had lower mortality rates than those with delirium, although the difference
was not statistically significant. (adjusted HR: 0.85, 95% CI: 0.61-1.20, p=0.3609). Among patients who used
APDs during radiotherapy, the mortality of patients treated with high-dose APD was lower than that of patients
treated with low-dose APD in the unadjusted analysis (unadjusted HR: 0.48, 95% CI: 0.40-0.58, p <0.0001);
however, no significant intergroup difference was noted in the adjusted analysis (adjusted HR: 0.83, 95% CI:
0.67-1.02, p=0.0721). Analysis based on first prescription timing showed a higher mortality in patients who

Scientific Reports |

(2024) 14:27138

| https://doi.org/10.1038/541598-024-78698-4 natureportfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Total period During RT
Antipsychotic prescription N=12,401 N=3,361
Antipsychotic prescription (Duplicate allowed) | 15,316 3608
Aripiprazole 28 (0.18%%) 5(0.14% )
Chlorpromazine 587 (3.83% ?) 124 (3.44% ?)
Haloperidol 6 (0.04% ?) 0(0% ?)
Olanzapine 3498 (22.84% ) | 552 (15.3% ?)
Quetiapine 8889 (58.04% ?) | 2272 (62.97% *)
Risperidone 2308 (15.07% *) | 655 (18.15% *)

Simple prescription

10,116

3,128

Aripiprazole

4 (0.04%")

4(0.13%")

Chlorpromazine

185 (1.83% )

85 (2.72% %)

Olanzapine 2267 (22.41% ) | 467 (14.93% ®)
Quetiapine 6826 (67.48% ) | 2085 (66.66% P)
Risperidone 834 (8.24%°) | 487 (15.57% ®)
Complex prescription 2,285 233

2

1759 (11.48%F)

219 (6.51% )

>3

526 (3.43% ©)

14 (0.42% ©)

Table 2. Prescribed antipsychotic drugs. RT, Radiotherapy; Simple prescription: Number of patients who
were prescribed only one drug; Complex prescription: Number of patients who were prescribed two or more
medications. 2Among patients who were prescribed duplicate allowed antipsychotic drugs (n=15,316).
bAmong patients who received a single prescription (n=10,116). “Among patients who were prescribed
antipsychotic drugs (n=12,401).

Patients prescribed APD during radiotherapy

Prescription detail

N=3,361

Prescription time

Pre-radiotherapy

1812 (53.91%)

During radiotherapy | 1549 (46.09%)
After radiotherapy 1261 (37.52%)
60 ~ 365days 611 (18.18%)
> 365days 650 (19.34%)
Prescription dose? 3128

High dose 2753 (88.01%)
Low dose 375 (11.99%)

Prescription duration

<3 month

1842 (54.81%)

>3 month

1519 (45.19%)

Table 3. Detail of prescribed antipsychotic drugs APD: antipsychotic drugs, * Monotherapy.

were prescribed APD during radiotherapy than in patients who were prescribed APD prior to radiotherapy
(adjusted HR: 7.78, 95% CI: 6.87-8.81, p<0.0001). Analysis based on prescription duration showed a lower
mortality in patients who were prescribed APDs for >3 months than in those prescribed APD for <3 months
(adjusted HR: 0.7, 95% CI: 0.6-0.81, p <0.0001). Supplementary Table S1 presents the results of the sex-stratified
analysis of APD use during radiotherapy in the entire study cohort. In both male and female participants, APD
use during radiotherapy was significantly associated with higher mortality in the adjusted analyses (HR in men:
10.01, 95% CI: 5.65-17.74; HR in women: 11.15, 95% CI: 10.49-11.85; p<0.0001). In the subgroup analysis
based on the age cutoff of 65 years, the mortality rate of male patients with breast cancer who used APD during
radiotherapy was similarly high in both groups.

In the analysis conducted after excluding patients with metastasis or other cancers, APD use during
radiotherapy was significantly associated with higher mortality (adjusted HR: 5.83, 95% CI: 5.22-6.53,
p<0.0001; Fig. 2b). The mortality in both low- and high-dose APD patients was lower than that in non-APD
patients (adjusted HR: 5.65 and 4, 95% CI: 5.03-6.34 and 2.98-5.38, p <0.0001), and no significant intergroup
difference was noted in the analysis based on APD dose (adjusted HR: 0.88, 95% CI: 0.64-1.21, p=0.0822).
Analysis based on first prescription timing showed a higher mortality in patients who were prescribed APD
during radiotherapy than in patients prescribed APD prior to radiotherapy (adjusted HR: 5.84, 95% CI: 4.76-
7.17, p<0.0001). Analysis based on prescription duration showed a lower mortality in patients prescribed APD
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Incidence rate Unadjusted Adjusted
Category N ‘ Case ‘ Person Years | Incidence Rate | HR(95% CI) p-value | HR(95% CI) p-value
During RT
Without APD | 166,865 | 16,721 | 766,113.73 | 21.83 Ref (1.00) Ref (1.00)
APD 3361 1,651 | 7,971.7 207.11 8.62 (8.19-9.07) | <0.0001 | 11.07 (10.42-11.77) | <0.0001
Psychiatric history*
Psychiatric (-) | 671 550 830.81 662.00 Ref (1.00) Ref (1.00)
figcmamc 269 | 1,101 |7,140.88 154.18 0.32(0.20-0.35) | <0.0001 |0.35(0.27-0.45) | <0.0001
Delirium(+)® |78 35 171.77 203.76 Ref (1.00) Ref (1.00)
Delirium (-)° | 2,612 1,066 | 6,969.11 152.96 1.18 (0.84-1.65) | 0.3353 0.85 (0.61-1.20) 0.3609
Prescription dose®
Low dose 2,753 | 1,405 | 61347 229.03 Ref (1.00) Ref (1.00)
High dose 375 120 1,365.39 87.89 0.48 (0.40-0.58) | <0.0001 | 0.83 (0.67-1.02) 0.0721
Prescription Time®
Pre RT 5,660 878 17,969.83 48.86 Ref (1.00) Ref (1.00)
During RT 1,108 818 1,738.28 470.58 8.24 (7.48-9.08) | <0.0001 | 7.78 (6.87-8.81) <0.0001
Prescription duration®
< 3 month 1,842 1,227 | 3,283.5 373.69 Ref (1.00) Ref (1.00)
>3 month 1,519 424 4,688.19 90.44 0.29 (0.26-0.32) | <0.0001 | 0.7 (0.6-0.81) <0.0001
During RT (excluding patients with metastasis or other cancer)
without APD | 152,311 | 10,199 | 709,227.44 14.38 Ref (1.00) Ref (1.00)
APD 2,036 522 6,515.54 80.12 5.55 (5.08-6.06) | <0.0001 | 5.83 (5.22-6.53) <0.0001
Prescription dose®
Low dose 1,613 426 4,941.01 86.22 Ref (1.00) Ref (1.00)
High dose 285 55 1,176.60 46.74 0.61 (0.46-0.81) | 0.0005 0.88 (0.64-1.21) 0.0822
Prescription Time®
Pre RT 4,973 | 496 16,382.52 30.28 Ref (1.00) Ref (1.00)
During RT 393 177 1,059.33 167.09 5.54 (4.66-6.58) | <0.0001 | 5.84 (4.76-7.17) <0.0001
Prescription duration®
< 3 month 826 320 2,367.42 135.17 Ref (1.00) Ref (1.00)
>3 month 1,210 202 4,148.12 48.70 0.37 (0.31-0.44) | <0.0001 | 0.74 (0.58-0.94) 0.0153

Table 4. Survival analysis of patients who were prescribed antipsychotic drugs. RT: Radiotherapy, APD:
Antipsychotic drugs, CCI: Charlson comorbidity index. Adjusted HR: Survival analysis adjusted for sex, age,
CCI, medical history, and psychiatric history. * In patients who used APDs during RT. ® In patients who used
APDs during RT with psychiatric history. € In patients who used APDs during RT, after excluding patients with
metastasis or other cancer.

for >3 months than in those prescribed APD for < 3 months (adjusted HR: 0.74, 95% CI: 0.58-0.94, p=0.0153).
Survival curves based on APD prescription details in patients, excluding those with metastasis and other cancers,
are shown in Fig. 3.

Prognostic factors for overall survival

Table 5 presents the results of univariate and multivariable analyses of prognostic factors for overall survival.
These analyses were performed in all patients, after excluding those with metastasis or other cancers. In
univariate and multivariable analyses, APD use during radiotherapy, older age, higher CCI, and delirium were
statistically significant poor prognostic factors. Bipolar disorder and psychotic disorders were poor prognostic
factors in the univariate analyses but good prognostic factors in the multivariable analyses. Depression and other
psychotic disorders were statistically significant poor prognostic factors in the univariate analysis; however, no
statistical significance was noted in the multivariable analysis.

Discussion
This study evaluated the effects of using APDs during radiotherapy on the survival of patients with breast cancer.
Some studies have reported an increased incidence of breast cancer associated with APD use'®1>. However, to
the best of our knowledge, no study to date has reported the effects of APD use during cancer treatment on
breast cancer survival. To the best of our knowledge, this is the first study to report the effects of APD use during
radiotherapy on the survival of patients with breast cancer.

Compared to the general population, women with schizophrenia and bipolar disorder have been shown to
have a higher risk of breast cancer, and APD use has the potential to account for at least some of this increased
risk!®17, This aligns with the widely accepted working hypothesis regarding the hyperprolactinemia-inducing
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Fig. 2. Overall survival curves of patients treated with radiotherapy for breast cancer and results of the sub-
analyses that were further stratified by the prescription of antipsychotic drugs in all patients (a) and after
excluding those with metastatic and other cancers (b).
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Fig. 3. Overall survival curves stratified according to the (a) prescription timing of antipsychotic drug (pre-
radiotherapy vs. during radiotherapy); (b) prescription dosage (low-dose vs. high-dose); and (c) prescription
duration (< 6 months vs. >6 months) in patients taking antipsychotic drugs during radiotherapy.

properties of some APDs®!8. Prolactin-elevating APDs include paliperidone, risperidone, amisulpride, and
haloperidol, whereas prolactin-sparing antipsychotics include aripiprazole, brexpiprazole, cariprazine, and
quetiapine!®. Two recent epidemiological studies have found an association between prolactin-elevating APDs
and increased risk of breast cancer!®?. These findings were mainly confirmed in patients who received long-
term and high-dose APD therapy. In a population-based cohort of patients with breast cancer, APD use was
associated with increased breast cancer-specific mortality. However, there was no dose-response relationship,
and, importantly, no association was observed in patients with severe mental illness. The authors suggested that
the observed association was likely due to confounding by the indication?!. In our study, we confirmed the effect
of APD use during radiotherapy on mortality, which differs from the results of previous studies in the target
patient population.

Among the patients who received radiotherapy for breast cancer, only 1.97% received APD during
radiotherapy, which was comparable to the proportion of APD use in patients with cancer reported in China
(1.4%) and Brazil (1.67%)*>%. The prevalence of APD use increased with age, with 6.73% of patients being > 80
years of age. CCI was higher in patients with APD use, and the proportion of patients taking APD increased as
CCI increased. Compared to those not using APDs, patients using APDs were more likely to have a psychiatric
history, metastasis, and other cancers. We attempted to identify psychiatric diagnostic codes in the target
patients to determine the reason for APD use during radiotherapy; however, 20% of patients who used APD
during radiotherapy were not accompanied by psychiatric history. Patients who underwent APD without a
psychiatric diagnosis may have been incident users of APD and may have had accompanying fatal diagnoses
such as delirium. In our study, fewer patients using APDs during radiotherapy were diagnosed with delirium,
and they did not show statistically significant higher mortality compared to those with other psychiatric
diagnoses. However, among patients who used APDs during radiotherapy, patients with a psychiatric history
had lower mortality rates than those without. We can speculate that incident users of APDs without a psychiatric
history were accompanied by diagnoses such as delirium, which is frequently observed in patients with terminal
cancer?!, and that this condition may be related to the high mortality rate observed.
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Univariate analysis Multivariable analysis
Variable HR | 95% CI p-value | HR | 95% CI p-value
APD during RT
APD (vs. without APD) | 5.55 | (5.08-6.06) | <0.0001 | 5.83 | (5.21-6.52) | <0.0001
Age
Year* 1.03 | (1.03-1.03) | <0.0001 | 1.02 | (1.02-1.03) | <0.0001
Hypertension
Yes (vs. No) ‘ 1.60 ‘ (1.54-1.66) ‘ <0.0001 ‘ 1.10 ‘ (1.05-1.15) ‘ <0.0001
Myocardial Infarction
Yes (vs. No) ‘ 1.82 ‘(1.58—2.1) ‘<0.0001 ‘ 125 ‘(1.08—1445) ‘ 0.0024
Bipolar disorder
Yes (vs. No) ‘ 1.92 ‘(1.69—2.18) ‘<040001 ‘0.76 ‘(0‘66—0.88) ‘ 0.0002
Psychotic disorders
Yes (vs. No) ‘2424 ‘(1.99—2.52) ‘<o.0001 ‘0.78 ‘(0.68—0.91) ‘ 0.0009
Depression
Yes (vs. No) ‘ 1.29 ‘(1423—1.36) ‘<0.0001 ‘0.98 ‘(0.9271403) ‘ 0.4055
Delirium
Yes (vs. No) ‘3.19 ‘(2‘46—413) ‘<0.0001 ‘2.01 ‘(1‘54—2‘61) ‘<o.0001
Other psychotic disorders
Yes (vs. No) ‘ 1.24 ‘(1.19—1.29) ‘<o.0001 ‘0.96 ‘(0.92-1.00) ‘ 0.0716
ccl
Score* ‘ 1.16 ‘ (1.15-1.16) ‘ <0.0001 ‘ 1.14 ‘ (1.13-1.15) ‘ <0.0001

Table 5. Univariate and multivariable analyses of prognostic factors for overall survival in patients with breast
cancer (excluding patients with metastasis or other cancers). RT: Radiotherapy, APD: Antipsychotic drugs,
CCI: Charlson comorbidity index, *Continuous value.

The data used in this study included those of male patients with breast cancer, and we included them in the
study’s results to provide information on male patients who received radiotherapy. We performed a sex-stratified
analysis, and the results were similar to those of the entire cohort analysis. Although male patients with breast
cancer accounted for a very small proportion of the overall breast cancer patient population, we confirmed that
their APD prescription rate was higher than that of female patients. In addition, we confirmed that the APD
prescription rate tended to increase with age. Thus, we conducted age- and sex-stratified analyses, and patients
with breast cancer who used APD during radiotherapy had increased mortality in both the older and younger
groups and both sexes. The stratified analysis of the effect of APD use during radiotherapy in male patients with
breast cancer was attempted but was difficult to perform because of their very small sample size. Moreover, the
95% confidence intervals in the results were very wide, which indicated very low statistical reliability. As the
results of the analysis of male patients alone seemed uncertain, a more detailed analysis was not conducted.
Further large-sample studies are needed after obtaining specific information on male patients with breast cancer.

Our findings revealed a significant association between APD use during radiotherapy and high mortality.
Patients with APD use had a significantly higher mortality than those who did not use APDs (HR, 11.07).
In these patients, excluding those with metastasis or other cancers, using APD during radiotherapy was also
significantly associated with higher mortality (HR 5.83), but the HR was lower than that in all patients. This
decreased mortality risk is attributed to the exclusion of the risk of motility due to metastasis or other cancers. In
our study, mortality was very high, even after excluding those with metastasis or other cancers, which was higher
than the increased breast cancer-specific mortality (HR 2.25) in APD used breast cancer patients reported by
Hicks et al.2!. This difference can be attributed to the fact that this other study analyzed patients newly diagnosed
with primary breast cancer, whereas our study focused on patients who underwent radiotherapy. Among patients
with APD use, long-term use (>3 months) resulted in lower mortality. In contrast, patients who initiated APDs
during radiotherapy had higher mortality than those who initiated APD before radiotherapy. Taken together, it
can be inferred that patients who should have started APD during radiotherapy and those who were unavailable
or did not use it for a long period of time had a higher mortality rate. Here, we can speculate that the underlying
status of patients, such as old age or delirium, who had to start APD during radiotherapy and had to use APD for
a short period, may be related to the high mortality observed in these patients.

In our analysis, we also analyzed prognostic factors for overall survival. We performed an analysis that
excluded patients with metastasis or other cancers to exclude the effect of metastasis or other cancers on survival.
Age; CCI; accompanying hypertension, myocardial infarction, and delirium; and APD use during radiotherapy
were identified as poor prognostic factors. In contrast, accompanying bipolar disorder and psychotic disorder
are considered good prognostic factors. This result also makes it possible to infer that underlying conditions such
as delirium or old age in patients taking APDs may be associated with high mortality in APD patients. Delirium
is the most common neurological condition in patients with cancer and is observed more commonly in older
patients. Studies show that 22-44% of patients with cancer develop delirium and that this incidence increases to
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87% in the final days of life?%. Therefore, it is possible that the older age of patients with delirium included in this
study contributed to the high mortality rate of APD patients.

This study has some limitations. First, there are inherent limitations because of the observational retrospective
design. Although we established an association between APD use during radiotherapy and survival, we
cannot definitively prove that APD use during radiotherapy directly results in a high mortality in patients
with breast cancer. Second, as this study was based on medical claims and not a medical chart review, non-
claims-related information affecting survival, such as stage, was excluded from the analysis. Finally, the limited
identification of psychotic diagnostic codes in patients conferred limitations for analyzing the effects of APD
during radiotherapy. A previous study?! showed that restricting the cohort to patients with severe mental illness
attenuated the association between APD use and breast cancer-specific mortality and that the effect of APD use
during radiotherapy on survival rates may differ in patients who receive APD for severe mental illness other
than delirium.

In conclusion, only 1.97% of patients who underwent radiotherapy received APD simultaneously during
radiotherapy for breast cancer. The high mortality observed in breast cancer patients using APDs during
radiotherapy could be influenced by the underlying conditions that necessitated APD use. Further studies are
needed to determine the effects of APDs during radiotherapy in patients with breast cancer.

Methods

Data sources and data selection

In this retrospective cohort study, we utilized data obtained from the NHIS database, which encompasses medical
expense claim data for the entire population of South Korea. From the NHIS database, we obtained the claims
data of patients who received radiotherapy for breast cancer (diagnostic code C50, according to the International
Classification of Diseases, 10th Edition [ICD-10]) from 2010 to 2020. The claims data included prescriptions
for APDs, such as aripiprazole, quetiapine, olanzapine, risperidone, haloperidol, and chlorpromazine, as well as
prescriptions for radiotherapy. The claims data included age, sex, CCI, and diagnostic codes for chronic diseases
and psychiatric disorders. The diagnostic codes included in the analysis were hypertension (I110-115), diabetes
(E10-E14), dyslipidemia (E78), chronic renal disease (N17-N19), stroke (I60-169), peripheral vascular disease
(I70-179), myocardial infarction (I21 and 122), anemia (D50-53, D55-59), bipolar disorder (F30 and F31),
psychotic disorder (F20-F29), depressive disorder (F32-F34), delirium (F05), and other psychiatric disorders
(FO0-F99). Medical history included all diagnosis made throughout the study period, whereas psychiatric
history encompassed diagnosis made either before or during radiotherapy. In this study, we used NHIS research
data, which were analyzed by statistical experts with extensive experience in data analysis.

Operational definitions
In this study, the total study duration was from 2010 to 2020 when data were provided by the NHIS. Patients
with radiotherapy-related procedure codes were defined as those who underwent radiotherapy. In all patients
with claims for radiotherapy, APDs were considered prescribed and taken if the APD was claimed at least
once. If the radiotherapy period overlapped with the APD claim period, we considered that the APD was taken
during radiotherapy. Patients who received two or more sessions of interrupted radiotherapy and with the same
diagnostic code were counted as one patient. Patients who received APD during radiotherapy were categorized
as “APD patients,” whereas those who did not receive APD were categorized as “non-APD patients.”
Depending on the dose prescribed in monotherapy (simple prescription), APD patients were further
stratified into high-dose and low-dose groups. Based on the equivalent dose of chlorpromazine (100 mg/day),
the equivalent dose was expressed as follows: quetiapine 60 mg/day, olanzapine 3 mg/day, risperidone 0.8 mg/
day, aripiprazole 4 mg/day, and haloperidol 1.6 mg/day. The previously reported drug-specific criteria by Leucht
et al.?® for high-dose treatment were as follows: chlorpromazine 250 mg/day, quetiapine 150 mg/day, olanzapine
7.5 mg/day, risperidone 2 mg/day, aripiprazole 10 mg/day, and haloperidol 4 g/day.

Ethics

This research was conducted in accordance with the Declaration of Helsinki. This study was approved by the
Institutional Review Board of Chung-Ang University Hospital, and with the approval number CAUH IRB No.
2202-022-19407. The requirement for informed consent was waived owing to the retrospective nature of the
study. Data were provided with an anonymous identification code, which made it impossible for the researchers
to identify the patients.

Statistical analysis

Descriptive statistics, chi-square tests, and independent t-tests were employed for basic statistical analyses to
identify the demographic characteristics of the participants. The results of the analysis are expressed as follows:
categorical variables are expressed as frequencies and percentages and continuous variables as mean + standard
deviation. Drugs were counted for patients who received a single prescription or multiple prescriptions. Using
the Cox proportional hazards regression analysis, we estimated the risk of mortality without adjustment and
with adjustment. Hazard ratio (HR) and 95% confidence interval (CI) were adjusted for age, sex, CCI, and
medical history?®. We conducted a survival analysis of the prognostic factors that potentially affected overall
survival?’. The starting date of the survival analysis was defined as the date of the first concurrent administration
of radiotherapy and APD in patients with breast cancer from 2010 to 2020. In the group of patients who were
not prescribed APD, the date of the first radiotherapy of the patient with breast cancer was considered the
starting point. The endpoint was defined as the date of the patient’s death or December 31, 2020 for patients
who survived. Attrition occurred when patients were no longer available for follow-up due to death, emigration,
or loss of National Health Insurance eligibility; thus, data up to the last observation point were included in the

Scientific Reports |

(2024) 14:27138 | https://doi.org/10.1038/s41598-024-78698-4 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

analysis. The analysis included APD use, age, hypertension, myocardial infarction, psychiatric history (bipolar
disorder, psychotic disorder, depression, delirium, and other psychotic disorders), and CCI. Using univariate
analysis, we intuitively identified the impact of each variable on survival. When multiple variables were included,
multivariable analysis was applied to identify their association with survival, and the important variables were
identified. Kaplan-Meier survival curves were used to verify the proportional hazards assumption, and the
number of patients at risk for each 2-year interval was confirmed. All data were analyzed using SAS version 9.4
(SAS Institute, Inc., Cary, NC, USA) and R (version 4.1.3), with a significance level of alpha=0.05.

Data availability

This study was based on information extracted from the National Health Insurance Service (NHIS) database,
which encompasses the medical expense claims data for the entire South Korean population. The authors do not
own these data, and therefore, are not permitted to share these data in the original form. Qualifying researchers
may apply to access a minimal dataset by contacting Professor Dae Ryong Kang. Entire data can be obtained
by applying to the National Health Insurance Service homepage (https://nhiss.nhis.or.kr) through appropriate
procedures.
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