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medications with prognosis among older
patients with non-small cell lung cancer
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Abstract

Background Potentially inappropriate medications (PIMs) are common among older adults with cancer, but their
association with overall survival (OS) among non-small cell lung cancer (NSCLC) patients remains unclear. This study
aimed to investigate the association between the use of PIMs and OS in patients with NSCLC.

Methods In this cohort study, we included patients > 65 years with newly diagnosed NSCLC from January 2014 to
December 2020. Potentially inappropriate medication (PIM) is defined by the Beers criteria of 2019 at baseline and
within six months following the initiation of systemic therapy. Multivariable Cox regression model was built to assess
the association between PIMs and overall survival (OS).

Results We finally included 338 patients with a median follow-up for OS of 1777 days. The prevalence of patients
receiving at least one PIM was 39.9% (135/338) and 61.2% (71/116) at baseline and after systemic therapy, respectively.
The most important factor associated with PIM use was the number of prescribed medications (P< 0.001). Baseline
PIM use and PIM after systemic therapy were significantly associated with inferior OS (476 days vs. 844 days, P=0.044;
and 633 days vs. 1600 days, P=0.007; respectively). In multivariable analysis, both baseline PIM use and PIM after
systemic therapy were independent predictors of poor prognosis (adjusted HR, 1.33;95% Cl, 1.01-1.75; P=0.041; and
adjusted HR, 1.86; 95% Cl, 1.11-3.14; P=0.020; respectively).

Conclusions PIMs are prevalent among older patients with NSCLC and are independent predictors of NSCLC
prognosis. There is an urgent need for clinicians to conduct medication reconciliation and appropriate deprescribing
for this population, especially for patients with multiple PIMs.

Keywords Non-small cell lung cancer, Potentially inappropriate medications, Older, Overall survival

Zhuo Ma and Man Xu contributed equally as first authors. ’Department of Pharmacy, Beijing Chao-Yang Hospital, Capital Medical
University, Beijing 100020, China

*Correspondence: Department of Pharmacy, Beijing Obstetrics and Gynecology Hospital,

Yuhui Zhang Capital Medical University, Beijing 100010, China

zhangyhcy@163.com “International Research Center for Medicinal Administration, Peking

Xiaodong Guan University, #38 Xueyuan Road, Haidian District, Beijing 100191, China

guanxiaodong@pku.edu.cn Department of Respiratory and Critical Care Medicine, Beijing Chao-

'Department of Pharmacy Administration and Clinical Pharmacy, School Yang Hospital, Beijing Institute of Respiratory Medicine, Capital Medical

of Pharmaceutical Sciences, Peking University, Beijing 100191, China University, No. 8 Gongtinan Road, Chaoyang District, Beijing

100020, China

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-024-05138-3&domain=pdf&date_stamp=2024-6-24

Ma et al. BMC Geriatrics (2024) 24:550

Background

Lung cancer is a leading cause of cancer-related deaths
across the world [1] and non-small cell lung cancer
(NSCLC) is the most frequent histological subtype of
lung cancer (approximately 80-85%) [2]. Currently, the
median age of patients with lung cancer at their diagnosis
is around 70 and almost 10% of patients are >80 years old
[3]. With populations aging, the incidence of lung cancer
among the elderly is expected to further increase in near
future [4].

Potentially inappropriate prescribing, which has
become a global concern particularly among the elderly,
refers either to: (1) potentially inappropriate medications
(PIMs), the use of drugs where no clear clinical indication
exists (overprescribing) or the use of an indicated drug
where the risk outweighs the benefit or when a safer or
more effective alternative is available (misprescribing) or
(2) potential prescribing omissions (PPOs), i.e., not pre-
scribing a beneficial medicine for which there is a clear
clinical indication (underprescribing) [5-7].

PIM use is a common problem in the general geriatric
population, but it may imply more critical considerations
for the care of elderly cancer adults who tend to have
developed many chronic health conditions, in addition
to cancer, and require multiple therapeutic regimens to
be prescribed simultaneously [8]. Elderly cancer patients
also require additional medications to manage treatment-
related symptoms or adverse reactions [9, 10]. Further-
more, as cancer patients are often treated by multiple
physicians, they may receive medications for overlapping
indications [11]. The National Comprehensive Cancer
Network Guidelines for Senior Adult Oncology [12] rec-
ommend the use of evidence-based instrument to deter-
mine the appropriateness of medication prescribed, such
as the Beers Criteria [13], the Screening Tool of Older
Persons’ Prescriptions (STOPP), the Screening Tool to
Alert to Right Treatment (START) criteria [7], and the
medication appropriateness index (MAI) [14].

PIM use is also concerning as it may be associated with
the prognosis of cancer patients. However, evidence on
the safety of PIM use among elderly cancer patients is still
sparse and conflicting [15, 16]. A latest systematic review
has found that the pooled effect estimate of six cohort
studies indicated a 43% increased mortality among PIM
users [16].

Although a previous study has reported an incidence
of PIM as high as 35% in older patients with lung can-
cer [17], the impact of PIM use on the clinical outcomes,
such as survival, of lung cancer patients have not yet been
well investigated, which hinders the understanding of
its significance. Since the overall prevalence of PIM use
among older patients with lung cancer increased over-
time in China [18] and PIM use may be associated with
negative clinical outcomes, it is of special importance to
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extensively investigate the association between PIM use
and overall survival (OS) in lung cancer patients. There-
fore, in this cohort study, we sought to investigate the
prevalence and related risk factors of PIM use in older
NSCLC patients and evaluate whether PIM use at base-
line or after systematic therapy in NSCLC patients is an
independent predictor of OS.

Methods

Study population

Patients with newly diagnosed NSCLC among an obser-
vational cohort at Beijing Chao-Yang Hospital from
January 2014 to December 2020 were enrolled. The inclu-
sion criteria were as follows: (1) diagnosis of NSCLC
by cytological or histological examination; and (2) aged
65 and older. Patients without any medications at the
time of diagnosis and loss to follow-up were excluded.
Permission for data analysis was approved by the Eth-
ics Committee of the Beijing Chao-Yang Hospital, Bei-
jing Institute of Respiratory Medicine, Capital Medical
University, Beijing, China (No. 2009-4, 2016-79 and
No. 2021-ke-443), and written informed consent was
obtained from all patients.

Assessment of PIMs

Prescribed drugs were retrospectively extracted from
patients’ electronic medical records (EMRs) and were
analyzed at two time points, at the time of patients’ diag-
nosis of NSCLC and during the first six months after the
initiation of their cancer therapy.

Whether medications shall be categorized into PIMs
were assessed based on the 2019 Beers criteria [13]. Two
authors (Zhuo Ma and Man Xu) independently reviewed
each patient’s electronic records and identified the use of
PIMs. Each reviewer was blinded to the other reviewer in
the process of data extraction and identification of PIMs.
Another author, Yuhui Zhang, was consulted if there
were any discrepancies. For compound drugs, each active
component was counted separately. Topical medications
were not counted in the number of medications.

Assessment of clinical outcome

The clinical outcome was OS, which was collected from
patients themselves via telephone follow-up. OS was
defined as the time between the day of first diagnosis of
NSCLC to the day of death, loss to follow-up, or censor-
ing (November 30, 2022), whichever was earliest.

Covariates

Independent variables were extracted from EMRs as fol-
lows: sex; age; body mass index (BMI); smoking status;
Eastern Cooperative Oncology Group—Performance Sta-
tus (ECOG-PS); tumor stage (TNM of the International
Association for the Study of Lung Cancer (version 8) [19];
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the number of medications; and surgery. The Charlson
Comorbidity Index (CCI) [20] score was calculated for
each patient to measure the burden of comorbidities.

Statistical analysis

Descriptive analyses were conducted to describe patient
characteristics. The Student’s t-test or non-parametric
test was applied to compare continuous variables for
the mean or median, respectively. The chi-squared test
was used for between-group comparisons of categori-
cal variables. Logistic regression model was constructed
to evaluate the association between the use of PIMs and
covariates. Variables including age, sex, BMI, PS, CCI,
and the number of medications prescribed were used in
the analysis of predictors of PIM use [21]. Differences in
survival between groups were derived from the Kaplan-
Meier (KM) analysis and Log-rank testing. Multivari-
able Cox proportional hazards (PH) regression model

Table 1 Patient characteristics at baseline and within six months
following the initiation of systemic therapy

Patient characteristics  Baseline  Within sixmonths P
following the ini-  value?
tiation of systemic
therapy

Overall 338 116

Age (median and IQR)  70(67-74)  70(67-73) 0.328

65-74 256 (75.7%) 92(79.3%)
>75 82(243%)  24(20.7%)
Sex 0.738
Male 207(61.2%)  69(59.5%)
Female 131(38.8%) 47(40.5%)
BMI, kg/mz(meantSD) 240+34 240+39 0.949
Smoking history 0.776
Yes 180(53.3%)  60(51.7%)
No 158(46.7%)  56(48.3%)
ECOGPS 0.252
0-2 247(73.1%)  91(78.4%)
3-4 91(26.9%) 25(21.6%)

ccl 2(1-6) 3(1-7) 0.530

(median and IQR)

Tumor stage 0.087

I-INA 91(26.9%) 22(19.0%)
I1B-IV 247(73.1%)  94(81.0%)
Number of Medications 7(4-11) 13(10-16) <0.001
(median and IQR)
1-4 93(27.5%) 7(6.0%)
>5 245(72.5%)  109(94.0%)
Surgery 0.128
Yes 91(26.9%) 23(19.8%)
No 247(73.1%)  93(80.2%)

Note SD, standard deviation; IQR, interquartile range; BMI, body mass index;
ECOG PS, Eastern Cooperative Oncology Group Performance Status; CCl,
Charlson Comorbidity Index

2 P value tests for differences in patients’ characteristics between at baseline
and within six months following the initiation of systemic therapy
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was performed to determine whether baseline PIM use
and PIM use after systemic therapy were independent
predictors affecting survival. Model 1 was adjusted for
variables that were associated with PIM use at the sig-
nificance level of 0.1 in the univariate analysis. Model 2
was adjusted for variables based on both statistical and
clinical significance. Results were expressed in hazard
ratios (HRs) and 95% confidence intervals (Cls). The
proportional hazards assumption was assessed by the
Schoenfeld residuals test. P-values less than 0.05 were
considered to be statistically significant and all tests were
two-sided. The statistical analysis was carried out using
SPSS software (version 23.0).

Results
Patient characteristics
Table 1 illustrates the characteristics of the study partici-
pants. In total, 338 patients were included in the study,
consisting of 131 females (38.8%) and 207 males (61.2%).
The median age of the cohort was 70 years (IQR, 67-74)
and the mean BMI was 24 kg/m? (SD, 3.4). Only 26.9%
of the patients exhibited poor ECOG PS and almost half
of the patients (46.7%) never smoked. In terms of tumor
stage, 73.1% of the patients were classified as stage IIIB-
IV. The median (IQR) CCI points and prescribed medica-
tions at baseline were 2 (1-6) and 7 (4—11), respectively.
The number of drugs taken by patients after the ini-
tiation of systemic treatment increased significantly to
13(10-16) (p<0.001).

PIM use at baseline

At baseline, a total of 209 PIMs were identified. PIMs
were detected for 39.9% (135/338) of the patients, among
whom 90 (66.7%) used one PIM and 45 (33.3%) used two
or more PIMs. (Supplementary Table 1)

Among the top five PIMs identified based on the Beers
criteria, diuretics (N=57, 27.3%) accounted for the most
frequently used PIM at baseline, followed by benzodiaz-
epines (N=29, 13.9%), tramadol (N=20, 9.6%), insulin,
sliding scale (N=19, 9.1%), non—cyclooxygenase-selective
non-steroidal anti-inflammatory drugs (NSAIDs) (N=10,
4.8%), and proton-pump inhibitors (PPIs) (N=10, 4.8%;
see Supplementary Table 2 for details).

PIM use within six months following the initiation of
systemic therapy

After the initiation of systemic therapy, a total of 116
patients with 124 PIM use were identified. Compared
with baseline, the frequency of PIM use during the time
interval of 0—6 months after the initiation of systemic
therapy was higher, with 61.2% of the patients (71/116)
using at least one PIM (P<0.001). Among patients who
used PIMs, 34 (47.9%) used one PIM and 37 (52.1%)
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Fig. 1 The Kaplan-Meier analysis of overall survival in NSCLC patients with
or without PIM use at baseline (P=0.044). Note PIM, potentially inappro-
priate medication; OS, overall survival; NSCLC, non-small cell lung cancer

had two or more PIMs (see Supplementary Table 1 for
details).

Consistent with PIM use at baseline, diuretics (N=37,
29.8%), benzodiazepines (N=13, 10.5%), and non—cyclo-
oxygenase-selective NSAIDs (N=7, 5.6%) were among
the top five frequently used PIMs. In contrast, first-
generation antihistamines (N=23, 18.5%) and metoclo-
pramide (N=15, 12.1%) were frequently used PIMs only
after the initiation of systemic therapy (Supplementary
Table 2).

Factors associated with PIMs

Multivariate analysis showed that PIM use at baseline
and after the initiation of systemic therapy were both
associated with the number of prescribed medications
(OR: 1.20 [95% CI: 1.14-1.27], p<0.001; and OR: 1.24
[95% CI: 1.12-1.37], p<0.001; respectively) (Supplemen-
tary Table 3).

Association between PIMs at baseline and overall survival

A total of 338 patients were available for outcome analy-
sis. The median follow-up for OS was 1,777 days (1,734-
1,820 days), during which 213 patients deceased (63%).
The Kaplan—Meier survival analyses showed that patients
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who used at least one PIM at baseline had significantly
worse survival compared with those who did not use
PIMs (median, 476 days vs. 844 days, P=0.044) (Fig. 1).

In multivariate analysis model 1, baseline PIM use
was an independent risk factor for compromised OS
(adjusted HR, 1.33; 95% CI, 1.01-1.75; P=0.041). Results
were similar in model 2 when controlled for age, sex,
BMI, smoking history, tumor stage, ECOG PS, CCI,
and the number of medications (adjusted HR, 1.35;
95% CI, 1.01-1.80; P=0.046). The use of two or more
PIMs remained an independent predictor of poorer OS
(multivariate analysis model 1: adjusted HR, 1.79; 95%
CI, 1.23-2.63; P=0.003; multivariate analysis model 2:
adjusted HR, 1.78; 95% CI, 1.20-2.65; P=0.005), whereas
the use of one PIM only was not (multivariate analysis
model 1: adjusted HR, 1.15; 95% CI, 0.83-1.58; P=0.400;
multivariate analysis model 2: adjusted HR, 1.17; 95% CI,
0.84—-1.64; P=0.361). (Table 2)

Association between the use of PIMs within six months
following the initiation of systemic therapy and overall
survival

A total of 116 patients who had medication information
were available for outcome analysis. PIM use within six
months of the initiation of systemic therapy was asso-
ciated with significantly lower OS in log-rank tests
(median, 633 days vs. 1,600 days, P=0.007; see Fig. 2).

In the multivariable analysis, PIM use within six
months of the initiation of systemic therapy was associ-
ated with worse survival in adjusted analyses (model 1:
adjusted HR, 1.86; 95% CI, 1.11-3.14; P=0.020; model 2:
adjusted HR, 1.79; 95% CI, 1.05-3.05; P=0.032). Consis-
tent with the observation of baseline PIM use, the use of
two or more PIMs within six months of the initiation of
systemic therapy was associated with poorer prognosis
(multivariate analysis model 1: adjusted HR, 2.35; 95%
CI, 1.31-4.21; P=0.004; multivariate analysis model 2:
adjusted HR, 2.43; 95% CI, 1.32—-4.50; P=0.005), whereas
only the use of only one PIM was not (multivariate
analysis model 1: adjusted HR, 1.48; 95% CI, 0.81-2.73;

Table 2 Univariate and multivariate Cox regression analyses of association between baseline PIM use with overall survival

Variables Univariate analysis Multivariate model 1° Multivariate model 2°
HR (95% Cl) Pvalue HR (95% Cl) P value HR (95% Cl) Pvalue
PIM (yes vs. no) 132 0.045 1.33 0.041 1.35 0.046
(1.01-1.73) (1.01-1.75) (1.01-1.80)
Number of PIMs 1.80 0.626 1.15 0.400 117 0.361
(1vs.0) (0.79-1.49) (0.83-1.58) (0.84-1.64)
Number of PIMs 2.04 <0.001 1.79 0.003 1.78 0.005
(=2vs.0) (1.40-2.98) (1.23-2.63) (1.20-2.65)

Note HR, hazard ratio; Cl, confidence interval; PIM, potentially inappropriate medication

@ Hazard ratios are adjusted for sex, smoking history, tumor stage, ECOG PS, and CCl.

b Hazard ratios are adjusted for age, sex, BMI, smoking history, tumor stage, ECOG PS, CCl, and the number of medications
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Fig. 2 The Kaplan-Meier analysis of overall survival in NSCLC patients with
or without PIM use within six months following the initiation of systemic
therapy (P=0.007). Note PIM, potentially inappropriate medication; OS,
overall survival; NSCLC, non-small cell lung cancer

P=0.206; multivariate analysis model 2: adjusted HR,
1.39; 95% CI, 0.75-2.58; P=0.298; see Table 3).

Discussion

Our study provided an important insight into the associ-
ation between PIMs and OS in newly diagnosed NSCLC
patients. In our cohort, PIM use was common among
older patients with NSCLC. More importantly, PIM
use negatively impacted patients’ OS and remained an
independent predictor of poorer OS after adjusting for
covariates.

It was reported that the prevalence of PIMs ranged
from 28.4 to 45.0% in lung cancer patients [17], which
was similar with that of baseline PIM use (39.9%) in our
cohort, though our cohort showed a relatively higher
prevalence of PIM use after the initiation of systemic
therapy (61.2%). We investigated two distinct time points
to analyze the changes in medication before and after the
initiation of cancer therapy. Consistent with the results of
Ortland and colleagues [22], PIM use was more common
in older patients with cancer after initiation of cancer
therapy, which in our study was primarily due to medica-
tions for the management of treatment-related symptoms
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or side effects, such as first-generation antihistamines
and metoclopramide. In contrast, Karuturi et al. found
a decreased prevalence of PIM use among older patients
after the diagnosis of breast or colorectal cancers [23].
Several studies have examined the association between
PIM use and patients’ clinical outcomes [16]. The pooled
effect estimate suggested increased risks of hospitaliza-
tion, prolongation of hospitalization, and treatment-
related toxicity for PIM users, though this was not
statistically significant [16]. Prior studies examining the
association between the use of PIMs and mortality in
older patients with malignancies found mixed results
[11, 24-27]. The discrepancy in the results of these stud-
ies may be attributable to several reasons. First, patient
populations included in these studies varied in the types
of cancer they were diagnosed with. Common cancer
types included breast cancer, colorectal cancer, non-
Hodgkin lymphoma, and malignant hematology. How-
ever, none of the studies specifically investigated patients
with lung cancer. Lung cancer has a median onset age of
70 years and the mortality in lung cancer, which accounts
for ~20% of all cancer deaths, is high compared to other
cancers [28, 29]. In addition, elderly NSCLC patients are
naturally prone to PIMs due to the relatively high preva-
lence of comorbidity with aging or cancer-related symp-
toms [28, 29]. The senior average age at onset, high risk of
PIM, and high mortality may all have contributed to the
poor prognosis of NSCLC patients who were subject to
PIM use. Second, PIM use was assessed at different times
in these studies. The studies assessed PIM use at the time
of diagnosis, surgery, hospital admission and discharge,
and/or prior to hospital admission. Third, the variables
considered in these studies were different and most stud-
ies did not control for comorbidities, which could have
introduced confounding effects [30]. In addition, varying
length of the follow-up period may also lead to inconsis-
tent findings. Therefore, our study included only patients
newly diagnosed with NSCLC and followed them up for
nearly five years. In addition, we analyzed PIM use both
at the time of diagnosis and within six months following
the initiation of systemic treatment. To include as many

Table 3 Univariate and multivariate Cox regression analyses of the association between PIM use within six months following the

initiation of systemic therapy and overall survival

Variables Univariate analysis Multivariate model 12 Multivariate model 2°

HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P
PIM (yes vs. no) 1.97(1.19-3.26) 0.008 1.86(1.11-3.14) 0.020 1.79(1.05-3.05) 0.032
Number of PIMs 1.56(0.86-2.82) 0.141 148(0.81-2.73) 0.206 1.39(0.75-2.58) 0.298
(1vs.0)
Number of PIMs 2.50(1.42-4.39) 0.001 2.35(1.31-4.21) 0.004 2.43(1.32-4.50) 0.005
(>2vs.0)

Note HR, hazard ratio; Cl, confidence interval; PIM, potentially inappropriate medication

@ Hazard ratios are adjusted for sex, smoking history, tumor stage, CCl, and surgery

b Hazard ratios are adjusted for age, sex, BMI, smoking history, tumor stage, ECOG PS, CCl, the number of medications, and surgery
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confounding factors as possible and to ensure the reli-
ability of the results of the multivariate analyses, we used
two different models, one that considered only statisti-
cally significant variables and the other that considered
both statistically and clinically significant variables. Our
findings suggest that the use of PIMs that were identified
based on the 2019 Beers criteria can negatively affect OS
of older patients with NSCLC through following patients
over a long period of time for survival, examining the use
of PIMs at different time points, and comprehensively
considering confounding factors in the multivariate anal-
yses. We further explored the association between the
number of PIMs used and OS and found that only the use
of multiple PIMs conjunctively was an independent risk
factor for poor cancer prognosis, suggesting that priority
should be given to patients using multiple PIMs.

In line with our previous study that recruited older
patients in general, PIM use was associated with the
number of medications prescribed for older patients
with NSCLC [21]. Previous studies investigating the
Japanese population showed that polypharmacy was
an independent prognostic factor in older patients with
advanced NSCLC treated with ICI or epidermal growth
factor receptor tyrosine kinase inhibitor (EGFR-TKI)
[28, 29]. With increasing medication complexity in can-
cer patients, it is necessary to identify issues associated
with polypharmacy for patients with cancer [31]. Con-
sidering the negative effect of PIM use on the prognosis
of NSCLC patients, we suggest that deprescribing shall
be incorporated into routine clinical practices and that
medication reconciliation could be a viable strategy to
reduce the incidence of PIM use among older adults with
NSCLC.

Our study has the following strengths. First, the study
results illustrated the impact of PIM use on the progno-
sis of elderly NSCLC patients, a population poorly inves-
tigated by previous studies. Second, we defined overall
survival, the “golden-standard” endpoint in cancer clini-
cal trials [32], as a prognostic indicator for patients with
a long follow-up period. Third, we adjusted for a variety
of confounding factors in the multivariable models to
strengthen the reliability of our results.Our study also
has several limitations. First, OS was the only prognos-
tic indicator in this study and we did not evaluate the
association between PIM use and other patient clini-
cal outcomes such as hospitalization, quality of life, and
treatment-related toxicity. Second, medication informa-
tion was extracted from EMRs. As a result, medication
information after the initiation of systemic therapy for
some patients cannot be accessed as some patients were
not readmitted to the hospital after diagnosis. Third, due
to the limited sample size and the fact that cancer treat-
ment regimens were not available for some patients, we
only classified treatment methods based on whether
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or not surgery was performed, which may lead to an
underestimation of the impact of treatment methods on
prognosis. Fourth, this study was a single-center study.
Therefore, our results may have potential biases, limiting
the generalizability of our results. Our findings should be
interpreted with caution due to the modest sample size.
Fifth, we did not measure potential prescribing omis-
sions, whose association with prognosis needs further
research. Sixth, although we adjusted for many covari-
ates, we cannot distinguish cases where PIM use was
necessitated due to the patients’ refractory conditions.

Conclusions

In conclusion, evidence generated from our cohort study
indicates a high prevalence of PIM use in older NSCLC
patients at Beijing Chao-Yang hospital in China and PIM
use remains an independent risk factor for OS. Medica-
tion reconciliation and de-prescribing aimed at PIMs are
needed in routine clinical practices to reduce the use of
PIMs among older patients with NSCLC, with priority
given to patients using multiple PIMs.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512877-024-05138-3.

[ Supplementary Material 1 J

Acknowledgements
Not applicable.

Author contributions

Study concept and design: Yuhui Zhang, Xiaodong Guan. Data acquisition and
analysis: Zhuo Ma, Man Xu. Interpretation of results: All authors. Supervision:
Yuhui Zhang, Xiaodong Guan. Writing—original draft: Zhuo Ma. Writing—
review & editing: All authors.

Funding

This work was supported by the National Natural Science Foundation of China
[Grant No. 72274004]. The funding has no role in the design of the study,
collection, and analysis of data, or decision to publish.

Data availability
The authors confirm that the data supporting the findings of this study are
available within the article [and/or its supplementary materials].

Declarations

Ethics approval and consent to participate

Permission for data analysis was approved by the Ethics Committee of the
Beijing Chao-Yang Hospital, Beijing Institute of Respiratory Medicine, Capital
Medical University, Beijing, China (No. 2009-4, 2016-79 and No. 2021-ke-443).
Informed consent was obtained from all patients.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 23 October 2023 / Accepted: 10 June 2024
Published online: 25 June 2024


https://doi.org/10.1186/s12877-024-05138-3
https://doi.org/10.1186/s12877-024-05138-3

Ma et al. BMC Geriatrics

(2024) 24:550

References

1.

2.

Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics. CA Cancer J Clin.
2022;72:7-33.

Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger KR, Yatabe Y, et
al. International association for the study of lung cancer/american thoracic
society/european respiratory society international multidisciplinary classifica-
tion of lung adenocarcinoma. J Thorac Oncol. 2011,6:244-85.

Torre LA, Siegel RL, Jemal A. Lung Cancer statistics. Adv Exp Med Biol.
2016;893:1-19.

Decoster L, Schallier D. Treatment of older patients with advanced non-small
cell lung cancer: a challenge. J Geriatr Oncol. 2019;10:528-33.

Candeias C, Gama J, Rodrigues M, Falcdo A, Alves G. Potentially inappropriate
medications and potential prescribing omissions in Elderly patients receiv-
ing Post-acute and Long-Term Care: application of Screening Tool of Older
people’s Prescriptions/Screening Tool to Alert to Right Treatment Criteria.
Front Pharmacol. 2021;12:747523.

Beers MH, Ouslander JG, Rollingher I, Reuben DB, Brooks J, Beck JC. Explicit
criteria for determining inappropriate medication use in nursing home
residents. UCLA Div Geriatric Med. 1991;151:1825-32.

O'Mahony D, Cherubini A, Guiteras AR, Denkinger M, Beuscart JB, Onder G,
et al. STOPP/START criteria for potentially inappropriate prescribing in older
people: version 3. Eur Geriatr Med. 2023;14:625-32.

Ding R, Zhu D, He P, Ma Y, Chen Z, Shi X. Comorbidity in lung cancer patients
and its association with medical service cost and treatment choice in China.
BMC Cancer. 2020;20:250.

Puts MT, Costa-Lima B, Monette J, Girre V, Wolfson C, Batist G, et al. Medication
problems in older, newly diagnosed cancer patients in Canada: how com-
mon are they? A prospective pilot study. Drugs Aging. 2009,26:519-36.

Lees J, Chan A. Polypharmacy in elderly patients with cancer: clinical implica-
tions and management. Lancet Oncol. 2011;12:1249-57.

Karuturi MS, Holmes HM, Lei X, Johnson M, Barcenas CH, Cantor SB, et al.
Potentially inappropriate medication use in older patients with breast and
colorectal cancer. Cancer. 2018;124:3000-7.

Dotan E, Walter LC, Beechinor R et al. NCCN Clinical Practice Guidelines in
Oncology: older adult oncology. Version 1.2023. Available at: NCCN.org.
American Geriatrics Society. American Geriatrics Society 2019 Updated AGS
Beers Criteria® for potentially inappropriate medication use in older adults. J
Am Geriatr Soc. 2019;67:674-94.

Hanlon JT, Schmader KE, Samsa GP, Weinberger M, Uttech KM, Lewis IK, et

al. A method for assessing drug therapy appropriateness. J Clin Epidemiol.
1992,45:1045-51.

Mohamed MR, Ramsdale E, Loh KP, Arastu A, Xu H, Obrecht S, et al. Asso-
ciations of Polypharmacy and Inappropriate medications with adverse
outcomes in older adults with Cancer: a systematic review and Meta-analysis.
Oncologist. 2020;25:94-108.

Chen LJ, Trares K, Laetsch DC, Nguyen TNM, Brenner H, Schéttker B. Sys-
tematic review and Meta-analysis on the associations of Polypharmacy and
potentially inappropriate medication with adverse outcomes in older Cancer
patients. J Gerontol Biol Sci Med Sci. 2021;76:1044-52.

Tian F, Chen Z, Zhou D, Mo L. Prevalence of polypharmacy and potentially
inappropriate medication use in older lung cancer patients: a systematic
review and meta-analysis. Front Pharmacol. 2022;13:1044885.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Page 7 of 7

Tian F, Chen Z, Chen X, Zhao M. Increasing trends of Polypharmacy and
potentially inappropriate medication use in older Lung Cancer patients in
China: a repeated cross-sectional study. Front Pharmacol. 2022;13:935764.
Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura H, Eberhardt WE, et
al. The IASLC Lung Cancer Staging Project: proposals for revision of the TNM
Stage groupings in the Forthcoming (Eighth) Edition of the TNM classifica-
tion for Lung Cancer. J Thorac Oncol. 2016;11:39-51.

Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined
comorbidity index. J Clin Epidemiol. 1994;47:1245-51.

Ma Z, Zhang C, Cui X, Liu L. Comparison of three criteria for potentially
inappropriate medications in Chinese older adults. Clin Interv Aging.
2018;14:65-72.

Ortland I, Mendel Ott M, Kowar M, Sippel C, Ko YD, Jacobs AH, et al. Medica-
tion risks in older patients (70+) with cancer and their association with
therapy-related toxicity. BMC Geriatr. 2022,22:716.

Karuturi MS, Holmes HM, Lei X, Johnson M, Barcenas CH, Cantor SB, et al.
Potentially inappropriate medications defined by STOPP criteria in older
patients with breast and colorectal cancer. J Geriatr Oncol. 2019;10:705-8.
Samuelsson KS, Egenvall M, Klarin |, Lokk J, Gunnarsson U. Inappropriate

drug use in elderly patients is associated with prolonged hospital stay

and increased postoperative mortality after colorectal cancer surgery: a
population-based study. Colorectal Dis. 2016;18:155-62.

Lin RJ, Ma H, Guo R, Troxel AB, Diefenbach CS. Potentially inappropriate
medication use in elderly non-hodgkin lymphoma patients is associated with
reduced survival and increased toxicities. Br J Haematol. 2018;180:267-70.
Elliot K, Tooze JA, Geller R, Powell BL, Pardee TS, Ritchie E, et al. The prognostic
importance of polypharmacy in older adults treated for acute myelogenous
leukemia (AML). Leuk Res. 2014;38:1184-90.

Lin RJ, Hilden PD, Elko TA, Dahi PB, Shahrokni A, Jakubowski AA, et al. Burden
and impact of multifactorial geriatric syndromes in allogeneic hematopoietic
cell transplantation for older adults. Blood Adv. 2019;3:12-20.

Hakozaki T, Matsuo T, Shimizu A, Ishihara Y, Hosomi Y. Polypharmacy among
older advanced lung cancer patients taking EGFR tyrosine kinase inhibitors. J
Geriatr Oncol. 2021;12:64-71.

Hakozaki T, Hosomi Y, Shimizu A, Kitadai R, Mirokuji K, Okuma Y. Polypharmacy
as a prognostic factor in older patients with advanced non-small-cell lung
cancer treated with anti-PD-1/PD-L1 antibody-based immunotherapy. J
Cancer Res Clin Oncol. 2020;146:2659-68.

Mehta RS, Kochar BD, Kennelty K, Ernst ME, Chan AT. Emerging approaches to
polypharmacy among older adults. Nat Aging. 2021;1:347-56.

Sirois C, Turner JP, Hébert J. Health professionals’ perspectives regarding poly-
pharmacy in older patients with cancer: a mixed-design exploratory study. J
Geriatr Oncol. 2021;12:881-7.

Royle KL, Meads D, Visser-Rogers JK, White IR, Cairns DA. How is overall
survival assessed in randomised clinical trials in cancer and are subsequent
treatment lines considered? A systematic review. Trials. 2023;24:708.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association of potentially inappropriate medications with prognosis among older patients with non-small cell lung cancer
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study population
	﻿Assessment of PIMs
	﻿Assessment of clinical outcome
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿PIM use at baseline
	﻿PIM use within six months following the initiation of systemic therapy
	﻿Factors associated with PIMs
	﻿Association between PIMs at baseline and overall survival
	﻿Association between the use of PIMs within six months following the initiation of systemic therapy and overall survival

	﻿Discussion
	﻿Conclusions
	﻿References


