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Abstract

Aim: Polypharmacy (PP) is a common problem among the older adults and has a potential effect on health-related problems.

However, the significance of PP in older advanced non–small cell lung cancer (NSCLC) patients and those on oral molecular-

targeted anticancer agents is unclear. Methods: This retrospective study reviewed the records of 334 advanced NSCLC patients

who underwent epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKI) treatment. PP was defined as >=5

concomitant medications. Potentially inappropriate medication (PIM) use was measured using the updated screening tool of

older people’s prescriptions (STOPP) ver. 2 criteria. We also estimated survival distributions using the Kaplan–Meier method,

compared between–group differences using the log-rank test, explored potential predictors of survival using Cox regression, and

performed cluster analysis to identify factors affecting multiple-medication use. Results: The PP and PIM use prevalence was

38.4% and 31.9%, respectively. The median overall survival (OS) for PP(+) and PP(–) patients was 19.4 months (95% CI

= 14.1–24.8) and 27.3 months (95% CI = 22.6–36.4), respectively (P < 0.001). Multivariate analysis revealed a significant

correlation between PP and OS. The frequency of unexpected hospitalization during EGFR-TKI treatment was higher in

PP(+) compared to PP(–) patients (49.4% vs. 29.4%; P = 0.0032; OR = 2.34; 95% CI = 1.31–4.23). Conclusion: PP is an

independent prognostic factor in older NSCLC patients taking EGFR-TKIs. PP can be used as a simple indicator of such

patients’ comorbidities and symptoms or as a predictive marker of unexpected hospitalization during treatment.

Abstract

Aim: Polypharmacy (PP) is a common problem among the older adults and has a potential effect on health-
related problems. However, the significance of PP in older advanced non–small cell lung cancer (NSCLC)
patients and those on oral molecular-targeted anticancer agents is unclear.

Methods: This retrospective study reviewed the records of 334 advanced NSCLC patients who underwent
epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKI) treatment. PP was defined as
>=5 concomitant medications. Potentially inappropriate medication (PIM) use was measured using the
updated screening tool of older people’s prescriptions (STOPP) ver. 2 criteria. We also estimated survival
distributions using the Kaplan–Meier method, compared between–group differences using the log-rank test,
explored potential predictors of survival using Cox regression, and performed cluster analysis to identify
factors affecting multiple-medication use.

Results: The PP and PIM use prevalence was 38.4% and 31.9%, respectively. The median overall survival
(OS) for PP(+) and PP(–) patients was 19.4 months (95% CI = 14.1–24.8) and 27.3 months (95% CI =
22.6–36.4), respectively (P < 0.001). Multivariate analysis revealed a significant correlation between PP
and OS. The frequency of unexpected hospitalization during EGFR-TKI treatment was higher in PP(+)
compared to PP(–) patients (49.4% vs. 29.4%; P= 0.0032; OR = 2.34; 95% CI = 1.31–4.23).

Conclusion: PP is an independent prognostic factor in older NSCLC patients taking EGFR-TKIs. PP can
be used as a simple indicator of such patients’ comorbidities and symptoms or as a predictive marker of
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unexpected hospitalization during treatment.

Introduction

Polypharmacy (PP) is a simple summary of a patient’s prescription status in terms of the number of drugs
concurrently prescribed to him or her. PP is a common problem among older patients, with a potential effect
on health-related problems.[1-3] PP can lead to undesirable clinical outcomes, such as adverse drug reac-
tions, drug–drug interactions, reduced adherence to drugs, and excessive health resource use[4]. Potentially
inappropriate medication (PIM) use reflects the prescription appropriateness and not just in terms of the
numbers of drugs prescribed[5, 6]. PIM use is evaluated on the basis of several criteria, such as the screening
tool of older people’s prescriptions (STOPP), the screening tool to alert to right treatment (START),[7]
Beers Criteria,[8] and the medication appropriateness index (MAI)[9].

Older cancer patients can suffer from a higher rate of comorbidity, frailty, and geriatric syndrome, putting
them at high risk of PP[10] . Both PP and PIM use are attracting attention in the field of oncology with
regard to the general geriatric population[11-15]. Studies have shown the prevalence and effect of PP on
chemotherapy outcomes, such as survival and adverse events (AEs), in advanced cancer patients[14, 16-18].
The mortality in lung cancer, which accounts for ˜20% of all cancer deaths, is high compared to other cancers.
The reason is that few lung cancer cases are diagnosed at the early stage[19, 20], and ˜60% of lung cancer
patients present with metastasis at diagnosis, which is much higher compared to other common cancers
(e.g., 22% for colorectal and 6% for breast cancer)[21]. The most common metastatic site is bone, followed
by the lungs, brain, adrenal glands, and liver [22]. Distant metastasis along with a primary lesion and its
invasion to adjacent structures cause pain and dyspnea. Therefore, multiple medications are often required
control symptoms in advanced cancer patients. Studies have shown a higher rate of opioid use among lung
cancer patients compared to other cancers[23-25]. In addition, older cancer patients are naturally prone to
PP because of the relatively high prevalence of noncancer multimorbidity with aging. Lung cancer has a
median onset age of ˜70 years and is therefore commonly observed in the elderly[26].

However, studies have not clearly described the clinical significance of PP in advanced lung cancer patients
and have included only a small number of patients. In addition, data on patients undergoing novel therapy,
such as oral molecular-targeted anticancer agents (e.g., epidermal growth factor receptor tyrosine kinase
inhibitors [EGFR-TKIs]), are scarce[27]. Also, the applicability of updated STOPP ver. 2 criteria[7] as
an assessment tool of PIM use in oncology practice has never been investigated. Therefore, this study
investigated the prevalence and effect of PP and PIM use according to STOPP ver. 2 (PIM-STOPP v2) on
outcomes for older advanced non–small cell lung cancer (NSCLC) patients treated with EGFR-TKIs.

Methods

Patients

This retrospective, nonrandomized study reviewed the electronic medical records (EMRs) of 334 advanced
NSCLC patients who underwent EGFR-TKI treatment between 2003 and 2019 at the Tokyo Metropolitan
Cancer and Infectious Diseases Center Komagome Hospital, Japan. The inclusion criteria were as fol-
lows: (1) age >=65 years; (2) histologically or cytologically confirmed unresectable locally advanced (stage
III), metastatic (stage IV), or recurrent EGFR -mutated NSCLC; (3) EGFR-TKI (only gefitinib, erlotinib,
afatinib, or osimertinib) administration, either as first-line or as later-line therapy; and (4) evaluable for
concomitant medications at EGFR-TKI treatment initiation.

We obtained the following baseline characteristics from EMRs: sex; age; body mass index (BMI); smoking
status (Brinkman index = daily number of cigarettes × years); Eastern Cooperative Oncology Group–
Performance Status (ECOG-PS); Charlson Comorbidities Index (CCI), including NSCLC itself; and Gustave
Roussy Immune Score (GRIm-Score) calculated from serum albumin levels; lactate dehydrogenase (LDH);
neutrophil-to-lymphocyte ratio (NLR)[28]; histological subtype;EGFR mutation status and subtypes; clinical
staging (UICC Tumor, Node, Metastasis [TNM] Classification of Malignant Tumors, 8th edition)[29]; number
of organs involved in metastasis; lines of EGFR-TKI treatment; and concomitant medications.
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Evaluation of concomitant medications

A concomitant medication was defined as any therapeutic drug used to manage a comorbid condition in
addition to NSCLC between the last visit and day 1 of EGFR-TKI treatment. All medications administered
to every patient at EGFR-TKI treatment initiation were reviewed. Oral, injection (e.g., intravenous, in-
tramuscular, and subcutaneous), suppository, and inhalant medications were included, while as-needed and
topical medications were excluded. PP was defined as five or more concomitant medications. For compoun-
ding agents, we counted each ingredient separately. PIM use was measured using STOPP ver. 2 criteria,[7]
a screening tool for detecting potentially inappropriate prescribing in the elderly (age >= 65 years). In ad-
dition to PIM-STOPP v2, we checked PIM use related to EGFR-TKI treatment (PIM-TKI). PIM-TKI was
defined as the use of one of the following: (1) concomitant use of cytochrome P450 3A4 (CYP3A4) inhibi-
tors/inducers with gefitinib, erlotinib, or osimertinib[30-32]; (2) concomitant use of CYP1A2 inhibitors with
erlotinib[32]; (3) concomitant use of medications affecting the gastric potential of hydrogen (pH), such as an-
tacids with gefitinib or erlotinib[30, 32]; and (4) concomitant use of P-glycoprotein (P-gp) inhibitors/inducers
with afatinib[33].

Evaluation of undesirable outcomes

EGFR-TKI-related AEs from EGFR-TKI treatment initiation to the first documented disease progression or
death were recorded according to the National Cancer Institute Common Terminology Criteria for Adverse
Events (NCI-CTCAE) ver. 4.0. The highest-grade AEs during each therapy were recorded. We also reviewed
any unexpected inpatient hospitalizations from EGFR-TKI treatment initiation to the first documented
disease progression or death. An unexpected hospitalization event was defined as one of the following: (1)
exacerbation of NSCLC, which needed inpatient management despite EGFR-TKI treatment; (2) EGFR-TKI-
related AEs, which needed inpatient management; and (3) complications unrelated to NSCLC or EGFR-TKI
treatment, which needed inpatient management.

Statistical analysis

Descriptive statistics was used to summarize baseline characteristics. Fisher’s exact test for categorical data
and a Mann–Whitney U test for continuous variables were used to assess between-group differences at the
baseline or AE incidence during EGFR-TKI treatment. Progression-free survival (PFS) was defined as the
time from EGFR-TKI treatment initiation to the first documented disease progression or death, while overall
survival (OS) was defined as the time from EGFR-TKI treatment initiation to the date of death regardless
of the cause of death. Patients without disease progression or those who died by the time of analysis were
censored at the date of last contact. Survival distributions were estimated using the Kaplan–Meier method,
and between-group differences were compared using the log-rank test. The potential predictors of survival
were explored using Cox regression. Characteristics with P < 0.05 after univariate analysis were included
in multivariate analysis. Cluster analysis was conducted to identify factors affecting PIM use. CCI scores,
number of organs involved in metastasis, the ECOG-PS, and GRIm-Score were standardized on their ranges
and used in cluster analysis. In addition, hierarchical cluster analysis with Ward’s method was performed
with squared Euclidean distances. All P -values were two-sided, and P < 0.05 was considered statistically
significant. All statistical analyses were performed using R 3.6.3.

Results

Baseline characteristics

Of the total 334 older advanced NSCLC patients, 232 (69.5%) patients (172 females and 60 males) aged >=65
years at EGFR-TKI treatment initiation were included in the study (Figure 1 ). Their median age was 73
years (range = 65–88 years). On the basis of the TNM Classification of Malignant Tumors, 8thedition, 8
(3.4%), 46 (19.8%), 121 (52.2%), and 57 (24.6%) patients presented with stage III, stage IVA, stage IVB, and
recurrent disease, respectively. At EGFR-TKI treatment initiation, 156 (67.2%) patients were administered
gefitinib; 38 (16.3%), erlotinib; 10 (4.3%), afatinib; and 28 (12.1%), osimertinib. During the overall clinical
course, 66 (29.0%) patients, including those initially treated with first- or second-generation EGFR-TKIs,
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were administrated osimertinib (Table 1 ).

PP and PIM prevalence

The median concomitant medications were 4 (range = 0–16; interquartile range [IQR] = 1–6) at EGFR-TKI
treatment initiation. The PP prevalence ([?]5 concomitant medications) was 89/232 (38.4%) (Figure 2 ).
According to STOPP ver. 2 criteria, 74 (31.9%) older advanced NSCLC patients took at least one medication
that was deemed PIM. Of these 74 PIM-STOPP v2(+) patients, 16 (21.6%) violated three or more STOPP
ver. 2 criteria checkpoints (Supplementary Table 1 ). According to our criteria, defined in the Materials
and Methods section, 66 (28.5%) patients took at least one medication deemed PIM-TKI (Supplementary
Table 2 ). PP(+) patients were more likely to take at least one PIM-STOPP v2 (51.7% vs. 19.6%; P <
0.001; odds ratio [OR] = 4.36; 95% confidence interval [CI] = 2.35–8.25) and PIM-TKI (52.3% vs. 14.2%; P
< 0.001; OR = 6.56; 95% CI = 3.38–13.15) compared to PP(-) patients.

Survival analysis in overall older advanced NSCLC patients

The median follow-up time from EGFR-TKI treatment initiation was 19.4 months. The median PFS of all
older advanced NSCLC patients treated with immune checkpoint inhibitors (ICIs) was 12.6 months (95% CI
= 10.7–14.7), and the median OS time was 24.5 months (95% CI = 20.3–27.7).

Survival analysis in PP(+) and PP(–) older advanced NSCLC

patients

The median PFS of PP(+) (n = 89) and PP(-) (n = 143) older advanced NSCLC patients was 9.8 months
(95% CI = 7.8–14.0) and 13.8 months (95% CI = 11.5–16.3), respectively (P = 0.047) (Figure 3A ), while
the median OS was 19.4 months (95% CI = 14.1–24.8) and 27.3 months (95% CI = 22.6–36.4), respectively
(P < 0.001) (Figure 3B ).

Survival analysis in PIM-STOPP v2 (+) and PIM-STOPP v2 (–) older advanced NSCLC
patients

The median PFS of PIM-STOPP v2(+) (n = 74) and PIM-STOPP v2(-) (n = 158) older advanced NSCLC
patients was 10.1 months (95% CI = 7.8–13.8) and 14.3 months (95% CI = 11.4–16.1), respectively (P =
0.14) (Supplementary Figure 1A ), while the median OS was 19.8 months (95% CI = 14.1–25.9) and
26.0 months (95% CI = 22.6–33.1), respectively (P = 0.06) (Supplementary Figure 1B ).

Univariate analysis for the PFS and OS

Univariate analysis showed that the PFS is significantly correlated with the ECOG-PS, BMI, number of
organs involved in metastasis, EGFRmutation status, GRIm-Score, and PP, while the OS is significantly
correlated with age, the ECOG-PS, BMI, number of organs involved in metastasis, EGFR mutation status,
osimertinib use in the clinical course, GRIm-Score, and PP (Supplementary Table 3 ).

Multivariate analysis for the PFS and OS

Multivariate analysis showed revealed that the PFS is significantly correlated with the BMI, EGFR mutation
status, and GRIm-Score but not with PP, while the OS is significantly correlated with the ECOG-PS, BMI,
number of organs involved in metastasis, EGFR mutation status, osimertinib use in the clinical course,
GRIm-Score, and PP (Table 2 ).

Undesirable patient outcomes

During EGFR-TKI treatment, of the total 232 older advanced NSCLC patients, 72 (31.0%) experienced
>=grade 3 EGFR-TKI-related AEs, of which 30 (41.7%) patients experienced liver function–related AEs
(e.g., elevated transaminase), 23 (31.9%) patients experienced skin-related AEs (e.g., rash, paronychia), and
12 (16.7%) patients experienced gastrointestinal AEs (e.g., diarrhea, nausea, loss of appetite). In addition,
5 patients experienced >=grade 3 pneumonitis, Of the total 232 patients, 86 (37.1%) had at least one
unexpected hospitalization and 21 (17.2%) patients had two or more hospitalizations. In addition,40 (17.2%)
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patients were hospitalized because of exacerbation of NSCLC, 23 (9.9%) because of EGFR-TKI-related AEs,
and 37 (16.0%) because of complications unrelated to NSCLC or EGFR-TKI-related AEs.

Undesirable outcomes in PP(+) and PP(–) older advanced NSCLC

patients

We found no significant difference in the incidence of severe (>=grade 3) EGFR-TKI-related AEs between
PP(+) and PP(-) older advanced NSCLC patients (29.2% vs. 32.2%; P = 0.66; OR = 0.87; 95% CI =
0.47–1.60). Overall unexpected hospitalization during EGFR-TKI treatment was more in PP(+) patients
compared to PP(-) patients (49.4% vs. 29.4%; P = 0.0032; OR = 2.34; 95% CI = 1.31–4.23). In addition,
PP(+) patients experienced more frequent unexpected hospitalization because of exacerbation of NSCLC
(29.2% vs. 9.8%;P < 0.001; OR = 3.78; 95% CI = 1.76–8.41) or complications unrelated to lung cancer
or EGFR-TKI-related AEs (23.6% vs. 11.2%; P =0.016; OR = 2.44; 95% CI = 1.13–5.37) compared to
PP(-) patients. In contrast, we found no significant difference in the frequency of unexpected hospitalization
because of EGFR-TKI-related AEs between PP(+) and PP(-) patients (5.6% vs. 12.6%; P = 0.11; OR =
0.42; 95% CI = 0.12–1.22) (Table 3 ).

Number of concomitant medications in patients classified by clinical factors

The number of concomitant medications was significantly higher in patients with a higher CCI score (>=7
vs. <=6;P = 0.012), metastasis in multiple organs (>=2 vs. 0 or 1; P = 0.035), poorer PS (>=2 vs. 0
or 1;P =0.029), and a higher GRIm-Score (>=2 vs. 0 or 1;P = 0.016) (Figure 4A ). The cluster analysis
dendrogram revealed that compared to other factors, CCI scores have a relatively close correlation with the
number of concomitant medications(Figure 4B ).

Discussion

This study assessed the prevalence and clinical significance of PP and PIM use in older advanced NSCLC
patients undergoing EGFR-TKI treatment. According to STOPP ver. 2, ˜40% and 30% of patients showed
PP and PIM use, respectively, at the baseline. Multivariate analysis showed that PP is independently
correlated with the OS and is also correlated with a higher frequency of unexpected hospitalization during
EGFR-TKI treatment.

Studies have included only a small numbers of advanced lung cancer patients and have shown relatively high
prevalence (7%–80%) of PP among the patients and its negative impact on clinical outcomes[11, 16, 34-
37]. However, the heterogeneity of patients’ disease states, baseline characteristics, or treatment modalities
across target populations or cancer types might impair the applicability of these results to different clinical
situations. In addition, studies on the clinical effects of concomitant medications on the outcomes of oral
molecular-targeted anticancer agents are scarce[38]. Only one retrospective study on oral molecular-targeted
agents for a small number of advanced NSCLC patients (n = 20) taking erlotinib is available[27], and the
potential utility of PIM use according to updated STOPP ver. 2 criteria among cancer patients has not yet
been investigated.

We observed a relatively high prevalence of PP (89/232 patients, 38.4%) among older advanced NSCLC
patients taking EGFR-TKIs. To some extent, our findings are consistent with previous reports on populations
with metastatic solid tumors treated with chemotherapy. Because of differences among studies, the median
concomitant medications range from four to nine in previous studies[11, 12, 16, 17, 34-37, 39, 40]. It is difficult
to determine whether older advanced NSCLC patients take more medications compared to other cancer
patients. Simple comparisons with previous studies might be inappropriate because of different medication
thresholds or time slots (simultaneous[16, 17] or continuous[4, 41]) used to measure PP. The most commonly
used threshold of PP is >=5 concomitant medications, so medications among older advanced cancer patients
might indicate the potential utility of other thresholds (excessive polypharmacy[17], major polypharmacy[12])
to detect high-risk patients. With regard to the time slot, we applied simultaneous PP corresponding to
the number of concomitant medications taken by patients at EGFR-TKI treatment initiation. Although
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this measure might fail to cover all medications through a period, such as a total clinical course of cancer
treatment, simplicity and feasibility are significant for routine use in clinical practice.

Comorbidities in general populations are evaluated using the CCI[42], age-adjusted CCI[43], and Elixhauser
Comorbidity Index (ECI)[44]. However, these measures classify advanced cancer patients to the high-risk
group only because of their metastatic states. In addition, the burden of symptoms in advanced cancer
patients is not reflected. Some scales, such as the Numerical Rating Scale (NRS), assess symptoms, but PP is
a more objective indicator for recognizing symptoms or comorbidities as a whole. Therefore, PP can be useful
as a simple indicator or an approximate sum of the burden of physical or psychiatric symptoms, along with
comorbidities. Our exploratory analysis might provide a novel perspective on the effects of patients’ clinical
characteristics on PP use. We found significant differences in the number of concomitant medications between
groups classified by several factors. In addition, the cluster analysis dendrogram indicated a relatively close
correlation between CCI scores and PP compared to other factors. Although PP is an obviously multifactorial
problem, the extent of contributing factors should be considered depending on clinical settings or targeted
populations.

With regard to survival, there was a significant correlation between the OS and PP in older advanced
NSCLC patients. A recent metanalysis of the correlation between PP and survival outcomes for patients
on chemotherapy across 11 prospective and retrospective studies[11] showed significant correlations only
in 2 studies (1 on ovarian cancer[45] and the other on acute myeloid leukemia),[46] while the remaining 9
studies, including a study on patients taking oral imatinib for chronic myeloid leukemia[38], did not show
any correlation between PP and mortality. Our data might suggest that prognostic significance differs
according to cancer type and treatment. Recent developments in molecular-targeted anticancer agents
have greatly improved prognosis in patients with actionable oncogenic driver mutations. The strength and
novelty of our study are not only because it showed a prognostic effect of PP in older advanced NSCLC
patients but also because it indicated the clinical significance of PP among older patients who have access to
novel, promising anticancer agents. The frequency of overall unexpected hospitalization during EGFR-TKI
treatment was greater in PP(+) patients, indicating that PP can also be used as a predictive marker of
negative cancer or morbidity-related events during EGFR-TKI treatment. Future analysis focusing more on
high-risk medications common among cancer patients (e.g. opioid cancer, steroid cancer) might enhance the
accuracy of PP in prognosis stratification and predictability of negative clinical events.

In this study, we found that PIM use is common among older advanced NSCLC patients. Studies on PIM
use in elderly cancer patients that apply the Beers Criteria[47] and MAI[34] have shown that the frequency
of PIM use ranges from 10% to 30%. Using the STOPP ver. 2 criteria, our study showed a relatively high
frequency of PIM use (74/232 patients, 31.9%). The most common PIMs were psychoactive medications,
such as benzodiazepines (38/74 patients, 51.4%). In addition, we observed the use of regular opioids without
concomitant laxative use (5/74 patients, 6.8%). The reasons these medications were deemed PIMs may
reflect the characteristic symptoms of cancer to some extent. Aspirin and calcium channel blockers, which
are commonly identified as PIMs, were less common according to STOPP ver. 2 criteria. These differences
were probably due to differences in the criteria used to judge PIM use, not just specific characteristics of
older advanced NSCLC patients. The existing criteria for evaluating PIM use and PP have been developed
for general older adults and do not necessarily consider PIM use in the geriatric oncology population. These
measures need to be improved for optimal use in oncology settings.

In addition, concomitant medications that potentially have drug–drug interactions with oral molecular-
targeted anticancer agents should be considered. Exploratory analysis showed that roughly one-fourth of
patients took at least one medication deemed a PIM-TKI. The median OS for PIM-TKI(+) and PIM-TKI(-)
patients was 19.8 and 26.0 months, respectively (P = 0.07). Although we observed a numerical difference in
the median OS in PIM-TKI(+) and PIM-TKI(–) patients, there was no statistical difference. However, future
studies need consider the “appropriateness” of concomitant medications on the basis of cancer treatment
or oncologic prognosis modalities according to cancer types. In addition, it is necessary to estimate the
comprehensive health risk of PP or PIMs, while avoiding the risk of underuse of necessary medications.
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This study had several limitations. First, it was a retrospective, nonrandomized study conducted at a sin-
gle institution with a relatively small number of patients, so we could not entirely exclude the possibility
of unintentional selection bias. Second, over-the-counter, complementary and alternative, or use-as-needed
medications were not considered, which might underestimate the need for medical interventions using med-
ications. Third, the medication adherence of socioeconomic aspects of PP was not assessed because of the
retrospective nature of the study. Medication adherence could be critical, especially for oral anticancer
agents, and therefore is significant. Currently, a real-world observational study investigating factors that
make osimertinib less effective by checking medication adherence (CSPOR-LC7, UMIN000038683) is ongoing
in Japan. Fourth, our PIM-TKI definition did not consider the timing of antacid administration. Interac-
tions between antacids and some EGFR-TKIs are well recognized, and clinicians could have instructed our
cohort about the appropriate timing. However, our data might have some value in alerting clinician for an
appropriate intervention in similar populations. Finally, the treatment strategy for advancedEGFR -mutant
NSCLC has significantly changed, and several choices, including singlet EGFR-TKIs, combination strategies
of cytotoxic agents[48], bevacizumab[49], and ICIs[50], are available. Even in singlet EGFR-TKI treatment,
the use of osimertinib as either first-line or subsequent line of treatment,[51, 52] is growing. Different drug–
drug interactions between treatment modalities must be considered so that truly relevant interactions and
applicability in current practice can be determined. Future prospective studies with larger cohorts, reflecting
recent updates, are required in order to validate our findings.

In conclusion, PP is a common problem and an independent prognostic factor in older advanced NSCLC pa-
tients undergoing EGFR-TKI treatment. PP can be used as a simple indicator of the patients’ comorbidities
and symptoms or as a predictive marker of unexpected hospitalizations during treatment.
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Table 1. Baseline characteristics of older advanced NSCLC patients analyzed in this study (n = 232).

Characteristics PP(-) (n = 143) PP(+) (n = 89) P

Age group, n (%) Age group, n (%) Age group, n (%) Age group, n (%)
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Characteristics PP(-) (n = 143) PP(+) (n = 89) P

65–74 87 (60.8) 52 (58.4) 0.82
[?] 75 56 (39.2) 37 (41.6)
Sex, n (%) Sex, n (%) Sex, n (%) Sex, n (%)
Female 104 (72.7) 68 (76.4) 0.64
Male 39 (27.3) 21 (23.6)
Smoking status, n
(%)

Smoking status, n
(%)

Smoking status, n
(%)

Smoking status, n
(%)

Brinkman index <400 108 (75.5) 60 (67.4) 0.23
Brinkman index [?]400 35 (24.5) 29 (32.6)
ECOG-PS, n (%) ECOG-PS, n (%) ECOG-PS, n (%) ECOG-PS, n (%)
0/1 116 (81.1) 63 (70.8) 0.097
[?] 2 27 (18.9) 26 (29.2)
BMI, n (%) BMI, n (%) BMI, n (%) BMI, n (%)
< 18.5 36 (25.2) 18 (20.2) 0.13
[?] 18.5 94 (65.7) 68 (76.4)
Histological
subtypes, n (%)

Histological
subtypes, n (%)

Histological
subtypes, n (%)

Histological
subtypes, n (%)

Adenocarcinoma 133 (93.0) 83 (93.3) 1.00
Other 10 (7.0) a 6 (6.7) b

Staging, n (%) Staging, n (%) Staging, n (%) Staging, n (%)
III 7 (4.9) 1 (1.1) 0.33
IVA 31 (21.7) 15 (16.9)
IVB 71 (49.7) 50 (26.2)
Recurrence 34 (23.8) 23 (25.8)
Number of organs
involved in
metastasis, n (%)

Number of organs
involved in
metastasis, n (%)

Number of organs
involved in
metastasis, n (%)

Number of organs
involved in
metastasis, n (%)

0/1 79 (55.2) 40 (44.9) 0.16
[?] 2 64 (44.8) 49 (55.1)
Presence of brain
metastasis, n (%)

Presence of brain
metastasis, n (%)

Presence of brain
metastasis, n (%)

Presence of brain
metastasis, n (%)

Yes 40 (28.0) 25 (28.1) 1.00
Presence of bone
metastasis, n (%)

Presence of bone
metastasis, n (%)

Presence of bone
metastasis, n (%)

Presence of bone
metastasis, n (%)

Yes 47 (32.9) 38 (42.7) 0.17
Presence of liver
metastasis, n (%)

Presence of liver
metastasis, n (%)

Presence of liver
metastasis, n (%)

Presence of liver
metastasis, n (%)

Yes 24 (16.8) 17 (19.1) 0.79
EGFR mutation
status, n (%)

EGFR mutation
status, n (%)

EGFR mutation
status, n (%)

EGFR mutation
status, n (%)

Exon 19 del 56 (39.2) 36 (40.4) 0.88
Exon 21 L858R 74 (51.7) 46 (51.7)
Other 11 (8.4) c 7 (7.9) d

Initially chosen
EGFR-TKIs, n (%)

Initially chosen
EGFR-TKIs, n (%)

Initially chosen
EGFR-TKIs, n (%)

Initially chosen
EGFR-TKIs, n (%)

Gefitinib 92 (64.3) 64 (71.9) 0.16
Erlotinib 22 (15.4) 16 (18.0)
Afatinib 9 (6.3) 1 (1.1)
Osimertinib 20 (14.0) 8 (9.0)
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Characteristics PP(-) (n = 143) PP(+) (n = 89) P

Combination with
other antitumor
agents, n (%)

Combination with
other antitumor
agents, n (%)

Combination with
other antitumor
agents, n (%)

Combination with
other antitumor
agents, n (%)

Yes 24 (16.8) 7 (78.7) 0.081
Lines of
EGFR-TKIs use

Lines of
EGFR-TKIs use

Lines of
EGFR-TKIs use

Lines of
EGFR-TKIs use

First 117 (81.8) 71 (79.8) 0.83
Second or later 26 (18.2) 18 (20.2)
Osimertinib use in
clinical course, i (%)

Osimertinib use in
clinical course, i (%)

Osimertinib use in
clinical course, i (%)

Osimertinib use in
clinical course, i (%)

Yes 48 (33.6) 18 (20.2) 0.041
CCI, n (%) CCI, n (%) CCI, n (%) CCI, n (%)
[?] 6 99 (69.2) 44 (49.4) 0.004
[?] 7 54 (37.8) 45 (50.6)
GRIm-Score, n (%) GRIm-Score, n (%) GRIm-Score, n (%) GRIm-Score, n (%)
0/1 121 (84.6) 68 (76.4) 0.25
2/3 20 (14.0) 20 (22.5)

NSCLC, non–small cell lung cancer; PP, polypharmacy; ECOG-PS, Eastern Cooperative Oncology Group–
Performance Status; BMI, body mass index; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase
inhibitor; CCI, Charlson Comorbidities Index; GRIm-Score, Gustave Roussy Immune Score.

a Non–small cell carcinoma, not other specified (n = 8), adenosquamous carcinoma (n =1), combined
histology composed of adenocarcinoma and small-cell carcinoma (n= 1).

b Squamous cell carcinoma (n = 2), non–small cell carcinoma, not other specified (n = 1), adenosquamous
carcinoma (n =1), pleomorphic carcinoma (n = 1), poorly differentiated carcinoma (n =1).

c Exon 18 G719X (n = 5), exon 21 L861Q (n = 2), exon 20 insertion (n = 1), exon 18 G719X + exon20
S768I, exon 19 del + exon 21 L858R (n = 1), exon 20 S768I + exon 21 L858R (n = 1).

d Exon 18 G719X (n = 3), exon 20 T790M + exon 21 L858R (n = 2), exon 18 G719X + exon 19 deletion
(n = 1), exon 18 G719X + exon21 L858R (n = 1).

Table 2. Multivariate analysis of the PFS and OS.

Variants for PFS HR 95% CI P

ECOG-PS ([?]2 vs. 0/1) 1.13 0.79–1.61 0.52
BMI (< 18.5 vs. [?] 18.5) 1.78 1.28–2.50 < 0.001*
Number of organs involved as metastatic lesions ([?] 2 vs. 0/1) 1.22 0.89–1.68 0.21
EGFR mutation status (Exon 21 L858R vs. Exon 19 del) 1.05 0.77–1.43 0.78
EGFR mutation status (Other vs. Exon 19 del) 2.59 1.51–4.45 < 0.001*
GRIm score (High vs. Low) 1.94 1.27–2.97 0.0023*
Concomitant medications ([?]5 vs. [?] 4) 1.34 0.99–1.82 0.056
Variants for OS HR 95% CI P
Age group ([?] 75 vs. 65-74) 1.57 1.12–2.21 0.017*
ECOG-PS ([?]2 vs. 0/1) 1.54 1.06–2.25 0.024*
BMI (< 18.5 vs. [?] 18.5) 1.86 1.29–2.67 < 0.001*
Number of organs involved as metastatic lesions ([?] 2 vs. 0/1) 1.60 1.13–2.26 0.0079*
EGFR mutation status (Exon 21 L858R vs. Exon 19 del) 1.13 0.79–1.60 0.50
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Variants for PFS HR 95% CI P

EGFR mutation status (Other vs. Exon 19 del) 1.91 1.08–3.39 0.026*
Osimertinib use in clinical course (Yes vs. No) 0.44 0.27–0.71 < 0.001*
GRIm score (High vs. Low) 2.37 1.53–3.67 < 0.001*
Concomitant medications ([?]5 vs. [?] 4) 1.58 1.13–2.21 0.0076*

*P < 0.05.

PFS< progression-free survival; OS, overall survival; EGFR, epidermal growth factor receptor; TKI, tyrosine
kinase inhibitor; HR, hazard ratio; CI, confidence interval; ECOG-PS, Eastern Cooperative Oncology Group–
Performance Status; BMI, body mass index; GRIm-Score, Gustave Roussy Immune Score.

Table 3. Incidence of undesirable clinical outcomes in PP(+) and PP(–) older advanced NSCLC patients.

PP PP(+) (n = 89) PP(-) (n = 143) OR (95% CI) P

AEs related to
EGFR-TKI
treatment, %
[?] Grade 3 29.2 32.2 0.87 (0.47–1.60) 0.66
Reasons for
unexpected
hospitaliza-
tions,
%
Exacerbation of
lung cancer (A)

29.2 9.8 3.78 (1.76–8.41) < 0.001*

Complications
unrelated to lung
cancer (B)

23.6 11.2 2.44 (1.13–5.37) 0.016*

AEs related to
EGFR-TKI
treatment (C)

5.6 12.6 0.42 (0.12–1.22) 0.11

Any reasons (A +
B + C)

49.4 29.4 2.34 (1.31–4.23) 0.0032*

*P < 0.05.

NSCLS, non–small cell lung cancer; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor;
PP, polypharmacy; OR: odds ratio; CI, confidence interval; AE, adverse event.

Figure legends

Figure 1. Flow diagram of advanced NSCLC patients enrolled in the study (n = 232). NSCLC, non–small
cell lung cancer.

Figure 2. Histogram showing the number of concomitant medications and prevalence in older advanced
NSCLC patients (n = 232). NSCLC, non–small cell lung cancer.

Figure 3. Survival analysis of PP(+) and PP(–) older advanced NSCLC patients. Estimated Kaplan–Meier
survival curves for (A)PFS and (B) OS for PP(+) patients (n = 89) and PP(-) patients (n = 143). NSCLC,
non–small cell lung cancer; PP, polypharmacy; PFS, progression-free survival; OS, overall survival.
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Figure 4. (A) Comparison of number of concomitant medications among older advanced NSCLC patients
classified by clinical factors. *P < 0.05. (B) Cluster analysis dendrogram showing the correlation of CCI
scores with the number of concomitant medications. NSCLC, non–small cell lung cancer; M factor, number
of organs involved in metastasis; ECOG-PS, Eastern Cooperative Oncology Group–Performance Status;
GRIm, Gustave Roussy Immune Score; Total, total number of concomitant medications; CCI, Charlson
Comorbidities Index.
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