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Abstract

Background

Although lung cancer is most commonly diagnosed in elderly patients, evidence about

tumor-directed therapy in elderly patients is sparse, and it is unclear to what extent this

affects treatment and care. Our study aimed to discover potential disparities in care between

elderly patients and those under 65 years of age.

Methods

We studied claims from 13 283 German patients diagnosed with lung cancer in 2009 who

survived for at least 90 days after diagnosis. We classified patients as “non-elderly” (� 65),

“young-old” (65–74), “middle-old” (75–84), and “old-old” (� 85). We compared receipt of

tumor-directed therapy (6 months after diagnosis), palliative care, opioids, antidepressants,

and pathologic diagnosis confirmation via logistic regression. We used generalized linear

regression (gamma distribution) to compare group-specific costs of care for 3 months after

diagnosis. We adjusted all models by age, nursing home residency, nursing care need,

comorbidity burden, and area of residence (urban, rural). The age group “non-elderly”

served as reference group.

Results

Compared with the reference group “non-elderly”, the likelihood of receiving any tumor-

directed treatment was significantly lower in all age groups with a decreasing gradient with

advancing age. Elderly lung cancer patients received significantly fewer resections and

radiotherapy than non-elderly patients. In particular, treatment with antineoplastic therapy

declined with increasing age (“young-old” (OR = 0.76, CI = [0.70,0.83]), “middle-old” (OR =

0.45, CI = [0.36,0.50]), and “old-old” (OR = 0.13, CI = [0.10,0.17])). Patients in all age groups

were less likely to receive structured palliative care than “non-elderly” (“young-old” (OR =

0.84, CI = [0.76,0.92]), “middle-old” (OR = 0.71, CI = [0.63,0.79]), and “old-old” (OR = 0.57,

CI = [0.44,0.73])). Moreover, increased age was significantly associated with reduced

PLOS ONE | https://doi.org/10.1371/journal.pone.0217434 June 12, 2019 1 / 17

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Walter J, Tufman A, Holle R, Schwarzkopf

L (2019) “Age matters”—German claims data

indicate disparities in lung cancer care between

elderly and young patients. PLoS ONE 14(6):

e0217434. https://doi.org/10.1371/journal.

pone.0217434

Editor: Aamir Ahmad, University of South Alabama

Mitchell Cancer Institute, UNITED STATES

Received: January 25, 2019

Accepted: April 28, 2019

Published: June 12, 2019

Copyright: © 2019 Walter et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: The authors confirm

that the data utilized in this study cannot be made

available in the manuscript, the supplemental files,

or in a public repository due to German data

protection laws (“Bundesdatenschutzgesetz”,

BDSG). Therefore, they are stored on a secure

drive in the senior author’s institution to facilitate

replication of the results. Generally, access to data

from statutory health insurance funds for research

purposes is possible only under the conditions

defined in German Social Law (SGB V § 287).

Requests for data access can be sent as a formal

http://orcid.org/0000-0003-4304-6159
https://doi.org/10.1371/journal.pone.0217434
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0217434&domain=pdf&date_stamp=2019-06-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0217434&domain=pdf&date_stamp=2019-06-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0217434&domain=pdf&date_stamp=2019-06-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0217434&domain=pdf&date_stamp=2019-06-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0217434&domain=pdf&date_stamp=2019-06-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0217434&domain=pdf&date_stamp=2019-06-12
https://doi.org/10.1371/journal.pone.0217434
https://doi.org/10.1371/journal.pone.0217434
http://creativecommons.org/licenses/by/4.0/


quotas for outpatient treatment with opioids and antidepressants. Costs of care decreased

significantly with increasing age.

Conclusion

This study suggests the existence of age-dependent care disparities in lung cancer patients,

where elderly patients are at risk of potential undertreatment. To support equal access to

care, adjustments to public health policies seem to be urgently required.

Introduction

Lung cancer was the fourth leading cause of death in Germany in 2016 [1]. Among all types of

cancer, lung cancer accounted for the highest proportion of cancer-related deaths in men and

the second highest in women [1]. Lung cancer is most commonly diagnosed in elderly patients

with median age at diagnosis of around 68–70 years in developed countries [2–4]. In Germany

in 2013, incidence rates ranged from 125 per 100 000 in 55- to 59-year-old men to 423 in 100

000 in 80- to 84-year-old men, and from 64 to 106 per 100 000 in women [5]. Despite these

numbers, historically, elderly patients are underrepresented in clinical trials [6]; therefore, evi-

dence on treatment effects in this relevant patient group is insufficient. Efforts to address this

issue by enrolling more elderly patients in clinical trials have been made [7] and, since the

1990s, numbers have improved [8]. However, most elderly trial participants are enrolled in

age-unspecific trials [9]. In these trials, only patients who meet the strict eligibility criteria con-

cerning comorbidities and performance status are included [6, 9, 10]; therefore, they most

probably do not represent the average elderly patient [10]. Recent guidelines include recom-

mendations for elderly patients (>70 years), for example relating to performance status, but

do not further differentiate between subgroups of elderly patients, for instance young-old,

middle-old, and old-old [11]. However, clinical experience suggests that differences exist

between age-based subgroups of elderly patients, and that both chronological and biological

age can be relevant to treatment decisions in the setting of lung cancer [12]. Numerous studies

have shown that treatments effective in younger adults can be of similar benefit to elderly

patients [13, 14]; however, there is also evidence that treatment approaches in elderly patients

are considerably different [15, 16]. Furthermore, survival in lung cancer is significantly associ-

ated with age as well [17, 18]. A study from Turkey found that patients over the age of 70 years

had 1-year survival rates of 42.5% compared with 67.3% in patients 70 years or younger [17].

Similarly, in an analysis of Surveillance, Epidemiology and End Results data, an age gradient of

7.4% vs. 12.3% vs. 15.5% was found concerning 5-year survival rates in lung cancer patients

aged younger than 70 years, between 70 und 79 years, and 80 years or older respectively [18].

Although most of the trials and studies concerning the treatment of elderly lung cancer

patients focus on tumor-directed therapy, and some include pain management, no study has

yet looked at differences in therapy comprehensively. Although access to tumor-directed treat-

ment is certainly of importance, access to diagnostic tests and palliative care is also crucial and

should be available to all affected patients regardless of age. Too little is known about care pro-

vided to elderly patients in various age subgroups.

Therefore, this study comparing non-elderly and elderly lung cancer patients in Germany

aimed to:

1. evaluate whether tumor-directed treatment differs depending on age,

2. investigate whether delivery of diagnostic and palliative care measures is different across

age groups, and
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3. compare the costs of initial treatment and care after diagnosis across three elderly age

groups.

Materials and methods

Dataset and sample selection

We analyzed anonymized health insurance claims from 17 478 patients with a first diagnosis

of lung cancer in 2009—identified via ICD10 code C34—provided by the Scientific Institute of

the AOK health insurance trust (WIdO), covering about 30% of the German population. As

our dataset contained only retrospectively achieved and anonymized information on patients,

meaning that the person in charge of this examination cannot make any inference to the indi-

vidual person’s data, the Ethics Committee of the Medical Faculty of the Ludwig-Maximilians-

University of Munich approved exhaustive analyses of the data (Votum-Number 88–15).

Additionally, consultation of an ethics committee is generally not required for this kind of

study [19]. Basic data contained birth date, sex, postal codes, care level, and nursing home resi-

dency status over the course of the disease. Care level indicates the intensity of assistance

needed to complete activities of daily living (higher care level = more assistance) [20]. Addi-

tionally, we used claims for hospitalization, outpatient hospital care, outpatient doctor visits,

and medications including German International Classification of Diseases (ICD-10-GM)

codes, OPS codes (German version of the International Classification of Procedures in Medi-

cine), billing codes (GONR), and Anatomical Therapeutic Chemical (ATC) codes.

We identified 17 478 patients with incident lung cancer in 2009 according to a three-step

process. First, we selected all patients with a diagnosis of lung cancer (ICD-C34) in 2009. In a

second step, to avoid false positives, we included only patients with at least one inpatient prin-

cipal diagnosis or at least two confirmed outpatient diagnoses in two distinct quarters of the

year 2009. Third, we excluded all patients with a history of lung cancer or lung metastases in

the 2 years prior to 2009. Further detailed information about this process can be obtained else-

where [21]. From the sample of patients with incident lung cancer, we excluded patients with

missing postal code of residence (n = 176). Additionally, we excluded those who died within

the first 3 months after diagnosis (n = 4 019), as treatment options for them are limited and

time to organize care is short. The proportion of these patients increased by age group, which

we considered a source of bias, leading to an overestimation of treatment disparities. The

remaining 13 283 patients were considered to be medically stable enough to qualify for some

type of care.

We classified our sample according to age at time of diagnosis into “non-elderly” (� 65

years), “young-old” (65–74 years),” middle-old” (75–84 years), and “old-old” (� 85 years), a

definition regularly used in gerontology [22].

Claims data do not include information about the stage of lung cancer, but the stage impacts

on eligibility for therapeutic procedures [23]. Therefore, we stratified our sample into patients

with advanced stage (with metastases) and patients with early stage (without metastases) disease,

using the ICD codes for metastases within the 3 months after lung cancer diagnosis.

Outcome parameters

We compared the type of tumor-directed therapy in the 6 months after diagnosis by identify-

ing antineoplastic therapy (cytostatic chemotherapy and targeted therapy), radiotherapy, and

surgical lung resections from claims in the hospital (ICD and OPS codes), outpatient doctor

visits (ICD and GONR codes), and prescribed medications (ATC codes). For information on

specific codes, please refer to Schwarzkopf et al. [21].

Disparities in lung cancer care according to age
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In patients not receiving any tumor-directed treatments, we analyzed whether they received

further invasive diagnostic measures (biopsy) to confirm the histological diagnosis.

To measure palliative care treatments, we first compared the proportion of patients who

had claims for either inpatient (OPS codes) or outpatient (GONR codes) multimodal, struc-

tured palliative care, among patients who were deceased during the observation period. Sec-

ond, we calculated the number of days between the first diagnosis and the first structured

palliative care treatment for patients receiving structured palliative care. Third, as pain man-

agement and treatment of psychosocial aspects are an integral part of palliative care, we

assessed the proportion of patients receiving opioids or antidepressants through claims for

outpatient medications (ATC codes).

Additionally, we assessed all-cause and lung cancer-specific total, inpatient, outpatient, and

medication expenditures within the 3 months after diagnosis to reflect the immediate treat-

ment and care intensity. Lung cancer-specific expenditures related to inpatient visits with a

primary diagnosis of lung cancer, medications used in antineoplastic therapy or as supportive

drugs (e.g., antiemetics, antianemics), and outpatient cases with a diagnosis of lung cancer.

Confounders

We included the following variables as confounders in all analyses based on strong evidence in

the literature: baseline information on sex, nursing home residency, and need for nursing care

(care level) as a measure of performance status, comorbidity burden (Charlson index) [24],

and residential area (rural/urban) [25].

Sex may influence the biology of lung cancer and, therefore, treatment options and out-

comes [26, 27]. Also, we expected that the proportions of males and females in each age group

may differ. Care level in combination with nursing home residency and Charlson index

reflects the patients’ frailty, which has been shown to influence treatment choice and outcomes

in lung cancer specifically in elderly patients [28–30]. The Charlson index was calculated based

on all inpatient ICD and all confirmed outpatient diagnoses in the 2 years prior to lung cancer

diagnosis (excluding diagnoses of lung cancer and metastases). The area of residence has also

been shown to influence treatments and survival in lung cancer [31, 32]. We identified the

type of district of residence in our dataset based on the postal code of residence, using district

types defined by the German Federal Institute for Research on Building, Urban Affairs and

Spatial Development for 2014 [33].

Statistical analysis

In the univariate analysis, we calculated care as proportions and costs as means for the four

age groups. We compared proportions using Chi2 test and means using Kruskal–Wallis test.

For our multivariate analysis, we used logistic regression models for the binary outcomes

palliative care, opioid medication, antidepressant medication, biopsy, no tumor-directed treat-

ment, antineoplastic therapy, radiotherapy, and tumor resection, all reported as odds ratios

(OR).

For count data (time until first palliative care), we used generalized linear regression models

with negative-binomial distribution and reported results as incidence rate ratios (IRR). To

model costs, we used a generalized linear model with gamma distribution and calculated age

group-specific average costs based on recycled predictions. We applied non-parametric boot-

strapping (1 000 bootstrap repetitions, percentile method) to obtain confidence intervals (CI)

and p-values. Recycled predictions were obtained from the gamma regression model by aver-

aging predicted scores, after fixing the value of one independent variable (here, age group

“non-elderly”) and using observed values on the remaining independent variables (age groups

Disparities in lung cancer care according to age
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“young-old”, “middle-old”, “old-old”). The recycled predictions then provide adjusted means

for all age groups [34].

We used the age group “non-elderly” as reference in all regression models and adjusted

them by the confounders mentioned above. We used a significance threshold of α� 0.05 with

95% CI for all outcomes.

All analyses were performed using SAS 9.3 (SAS software from the SAS System for Micro-

soft, Version 9.3 (c) 2002–2010 by SAS Institute Inc., Cary, NC, USA); tables and figures were

created in Microsoft Excel and R Studio using the graphical package forestplot [35].

Sensitivity analysis

To address a bias from possible misclassification of patients to the strata of no metastases, we

conducted a sensitivity analysis. A misclassification could happen if, after the initial diagnosis

of lung cancer, no further diagnostic procedures to investigate the extent of the disease (pres-

ence of metastases) were performed, due to either patient refusal or other concerns. Therefore,

in this sensitivity analysis, we only included patients who did not have a diagnosis of metasta-

ses, but who had received further diagnostic procedures, including but not limited to,

PET-CT, abdominal or cranial CT, and MRI.

Results

Sample characteristics and univariate analysis

Of the 13 283 patients, 4 595 (34.6%) were classified as “non-elderly”, 5 195 (39.1%) as “young-

old”, 3 107 (23.4%) as “middle-old”, and 386 (2.9%) as “old-old”. Within all four age groups,

the majority of patients were male, with the highest proportion among “young-old” (74.4%)

and the lowest among “old-old” (55.7%). Patients’ frailty, as reflected in comorbidity burden,

nursing home status, and care level, increased by age group. In all age groups, most patients

lived in urban areas, with the highest proportion of urban dwellers among “non-elderly”.

Around 60% of all patients had a diagnosis of metastases in the 3 months after diagnosis. In

these patients, the proportion of “non-elderly” patients was around 10% points higher com-

pared with patients without metastases. In consequence, in patients without metastases, a

higher proportion of patients was in the age groups “middle-old” and “old-old” than in the

stratum of patients with metastases. Further characteristics of patients with metastases com-

pared with those without metastases did not differ. Table 1 displays sample characteristics of

the whole study population, as well as for patients with and without metastases.

Within the pooled cohort of patients with and without metastases, proportions and means

of all unadjusted outcomes differed significantly between the age groups, with higher age indi-

cating lower treatment intensity. Additionally, domain-specific unadjusted expenditures dif-

fered significantly between the distinct age groups, with highest expenditures in “non-elderly”

and gradually decreasing expenditures among more advanced age groups.

In patients without metastases, the proportion of patients receiving palliative care was

higher than in patients with metastases across all age groups. Patients in higher age groups

were less likely to receive palliative care than younger patients in both metastases strata. Pre-

scription of opioids and antidepressants decreased with increasing age group independent of

whether patients had metastases at diagnosis or not. The proportion of patients receiving opi-

oids was higher in patients with metastases; the proportion of antidepressant prescriptions was

similar. Regarding tumor-directed treatment, the share of patients receiving no tumor-

directed therapy was higher in patients without metastases than in patients with metastases

and increased with increasing age group. Diagnosis confirmation through biopsy was higher

in patients with metastases than in patients without metastases and decreased with increasing

Disparities in lung cancer care according to age
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age. Therapy with antineoplastic agents decreased with increasing age group irrespective of the

presence of metastases. Although there was no clear trend of radiotherapy treatment in

patients without metastases, the proportion of patients with radiotherapy treatment decreased

with increasing age in patients with a metastases diagnosis at diagnosis of lung cancer. Regard-

ing lung cancer resection, there was no significant difference related to age in patients with

metastases. In patients without metastases, the share of patients with a tumor resection

decreased with increasing age group.

Results of the univariate analysis in the whole sample and in both metastases strata are dis-

played in Table 2.

Table 1. Sample characteristics of lung cancer patients diagnosed in 2009 in Germany.

All patients

Means and proportions Young

(n = 4 595)

Young-old

(n = 5 195)

Middle-old

(n = 3 107)

Old-old

(n = 386)

p-value

Male (%) 66.5 74.4 68.9 55.7 < 0.0001

Mean Charlson index at diagnosis 1.7 2.7 3.2 3.1 < 0.0001

Nursing home residency (%) 1.1 1.8 2.6 12.4 < 0.0001

Care level (%)
No care level 91.7 86.8 77.2 53.9 < 0.0001

Care level 1 5.1 8.1 14.9 26.4

Care level 2 2.7 4.4 6.9 16.8

Care level 3 0.5 0.8 1.0 2.9

Urban residence area (%) 66.4 61.8 60.6 60.1 < 0.0001

Patients with metastases

Means and proportions Young

(n = 1 616)

Young-old

(n = 2 077)

Middle-old

(n = 1 492)

Old-old

(n = 225)

p-value

Male (%) 65.0 75.6 68.8 55.1 <0.0001

Mean Charlson index at diagnosis 1.7 2.9 3.3 3.3 < 0.0001

Nursing home residency (%) 1.3 1.5 3.2 13.3 <0.0001

Care level (%)
No care level 93.4 88.9 77.6 52.4 <0.0001

Care level 1 4.3 7.1 14.8 26.7

Care level 2 1.9 3.5 6.6 18.7

Care level 3 0.4 0.5 1.0 2.2

Urban residence area (%) 66.7 62.5 60.5 58.7 0.001

Patients without metastases

Means and proportions Young

(n = 2 979)

Young-old

(n = 3 118)

Middle-old

(n = 1 615)

Old-old

(n = 161)

p-value

Male (%) 67.2 73.7 69.0 56.5 <0.0001

Mean Charlson index at diagnosis 1.7 2.6 3.1 2.9 <0.0001

Nursing home residency (%) 1.0 1.9 2.1 11.2 <0.0001

Care level (%)
No care level 90.8 85.3 76.8 55.9 <0.0001

Care level 1 5.4 8.7 15.0 26.1

Care level 2 3.2 4.9 7.2 14.3

Care level 3 0.6 1.0 1.0 3.7

Urban residence area (%) 66.3 61.4 60.7 62.1 0.0001

Notes: Means and proportions of sample characteristics in all patients and both metastases strata, in age groups “non-elderly”(� 65 years),” young-old” (65–74 years),

“middle-old” (75–84 years), and “old-old” (� 85 years). P-values from Chi2 test for binary variables and Kruskal–Wallis test for continuous variables.

https://doi.org/10.1371/journal.pone.0217434.t001
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Table 2. Unadjusted means and proportions of care and expenditures of lung cancer patients diagnosed in 2009 in Germany.

All patients

Young

(n = 4 595)

Young-old

(n = 5 195)

Middle-old

(n = 3 107)

Old-old

(n = 386)

p-value

Structured palliative care in deceased patients (%) (n) 29.8 (1 368) 27.0 (1 402) 25.6 (795) 23.8 (92) 0.0001

of these, mean time until structured palliative care (sd) 369.1 (294) 356.8 (306) 312.2 (278) 253.4 (223) <0.0001

Opioid medication (%) (n) 70.8 (3 255) 65.3 (3 393) 63.5 (1 974) 58.8 (227) <0.0001

Antidepressants in patients without prior diagnosis of depression (%) (n) 30.8 (1 198) 25.8 (1 178) 22.4 (605) 18.2 (55) <0.0001

No tumor-directed treatment (%) (n) 4.4 (200) 7.8 (403) 20.2 (626) 54.7 (211) <0.0001

of these, patients with biopsy (%) (n) 61.5 (123) 60.3 (243) 56.2 (352) 43.6 (92) 0.0003

Antineoplastic therapy (%) (n) 65.9 (3 030) 58.3 (3 027) 44.3 (1 376) 17.1 (66) <0.0001

Radiotherapy (%) (n) 23.7 (1 090) 21.9 (1 139) 21.4 (664) 17.1 (66) 0.004

Tumor resection (%) (n) 34.7 (1 595) 35.4 (1 839) 27.8 (864) 15.3 (59) <0.0001

Mean all-cause total expenditures (€) 12 822 11 954 10 125 6 695 <0.0001

Mean all-cause hospital expenditures 10 393 9 790 8 411 5 491 <0.0001

Mean all-cause outpatient expenditures 101 906 780 670 <0.0001

Mean all-cause medication expenditures 1 418 1 258 934 534 <0.0001

Mean lung cancer-specific total expenditures 10 168 9 371 7 669 4 330 <0.0001

No metastases

Young

(n = 1 616)

Young-old

(n = 2 077)

Middle-old

(n = 1 492)

Old-old

(n = 225)

p-value

Structured palliative care in deceased patients (%) (n) 19.9 (322) 19.6 (407) 19.4 (289) 26.7 (60) 0.08

of these, mean time until structured palliative care (sd) 488.0 (327) 441.1 (326) 373.8 (304) 300.3 (239) <0.0001

Opioid medication (%) (n) 64.7 (1 045) 59.6 (1 237) 59.5 (887) 56.0 (126) 0.002

Antidepressants in patients without prior diagnosis of depression (%) (n) 31.2 (424) 25.5 (461) 20.3 (261) 18.8 (33) <0.0001

No tumor-directed treatment (%) (n) 7.1 (114) 10.4 (215) 25.5 (381) 65.8 (148) <0.0001

of these, patients with biopsy (%) (n) 62.3 (71) 58.6 (126) 54.9 (209) 39.9 (59) 0.001

Antineoplastic therapy (%) (n) 45.1 (728) 39.6 (823) 30.9 (461) 12.0 (27) <0.0001

Radiotherapy (%) (n) 13.7 (221) 16.4 (341) 18.5 (276) 13.3 (30) 0.002

Tumor resection (%) (n) 54.6 (882) 50.8 (1 054) 34.3 (511) 11.6 (26) <0.0001

Mean all-cause total expenditures (€) 11 381 10 645 9 181 5 920 <0.0001

Mean all-cause hospital expenditures 9 515 8 856 7 612 4 718 <0.0001

Mean all-cause outpatient expenditures 812 812 793 724 0.37

Mean all-cause medication expenditures 1 016 950 760 478 0.20

Mean lung cancer-specific total expenditures 9 000 8 126 6 583 3 708 <0.0001

Metastases

Young

(n = 2 979)

Young-old

(n = 3 118)

Middle-old

(n = 1 615)

Old-old

(n = 161)

p-value

Structured palliative care in deceased patients (%) (n) 35.1 (1 046) 31.9 (995) 31.3 (506) 19.9 (32) <0.0001

of these, mean time until structured palliative care (sd) 332.5 (273) 322.3 (290) 277.1 (256) 165.5 (158) <0.0001

Opioid medication (%)(n) 74.2 (2 210) 69.2 (2 156) 67.3 (1 087) 62.7 (101) <0.0001

Antidepressants in patients without prior diagnosis of depression (%) (n) 30.6 (774) 26 (717) 24.4 (344) 17.3 (344) <0.0001

No tumor-directed treatment (%) (n) 2.9 (86) 6.0 (188) 15.2 (245) 39.1 (63) <0.0001

of these, patients with biopsy (%) (n) 60.5 (52) 62.2 (117) 58.4 (143) 52.4 (33) 0.56

Antineoplastic therapy (%) (n) 77.3 (2 302) 70.7 (2 204) 56.7 (915) 24.2 (39) <0.0001

Radiotherapy (%) (n) 29.2 (869) 25.6 (798) 24.0 (388) 22.4 (36) 0.0003

Tumor resection (%) (n) 23.9 (713) 25.2 (785) 21.9 (353) 20.5 (33) 0.06

Mean all-cause total expenditures (€) 13 604 12 826 10 997 7 778 <0.0001

Mean all-cause hospital expenditures 10 849 10 395 9 135 6 571 <0.0001

Mean all-cause outpatient expenditures 1 120 969 767 596 <0.0001

(Continued)
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Multivariate analysis

Results of the multivariate analysis of the whole sample can be found in S1 (care) and S2

(costs) Figs in the supplementary material.

Patients without metastases. No clear trend was observed in patients without metastases

concerning structured palliative care. Compared with the reference group “non-elderly”, only

“middle-old” patients showed a significantly lower likelihood of receiving structured palliative

care (OR = 0.72, CI = [0.58, 0.88]). Time until palliative care was significantly shorter in “non-

elderly” patients compared with “middle-old” (IRR = 0.80, CI = [0.69, 0.92]) and “old-old”

patients (IRR = 0.71, CI = [0.56, 0.91]). All elderly age groups had a significantly lower chance

of receiving opioids and antidepressants compared with “non-elderly” patients. Compared

with “non-elderly” patients, the likelihood of receiving any tumor-directed treatment was sig-

nificantly lower in all age groups with a decreasing gradient with advancing age. Referring to

patients with no tumor-directed treatment, diagnostic biopsies were performed significantly

less often in “old-old” than in “non-elderly” patients (OR = 0.49, CI = [0.29, 0.83]). The odds

of receiving antineoplastic therapy were significantly lower and decreased with increasing age

group. Receiving radiotherapy was significantly more likely in “middle-old” patients than in

“non-elderly” patients (OR = 1.32, CI = [1.08, 1.16]). The likelihood of tumor resection was

significantly higher in “non-elderly” patients compared with “middle-old” and “old-old”

patients. All results from the multivariate analysis of patients without metastases are available

in Fig 1.

Patients with metastases. The likelihood of receiving palliative care was significantly

lower in all age groups compared with “non-elderly” patients in the group of patients with

metastases (“young-old”: OR = 0.83, CI = [0.74, 0.93], “middle-old”: OR = 0.76, CI = [0.66,

0.88], “old-old”: OR = 0.38, CI = [0.25, 0.56]). Similar to patients without metastases, in

patients with metastases, the odds of receiving opioid and antidepressant medication was also

significantly lower and decreased with increasing age group. Patients in all age groups were

less likely to receive any kind of tumor-directed therapy compared with “non-elderly” patients,

but the likelihood of diagnosis confirmation in untreated patients did not differ. Patients in all

age groups were less likely to receive antineoplastic therapy than “non-elderly” patients

(“young-old”: OR = 0.75, CI = [0.67, 0.85], “middle-old”: OR = 0.42, CI = [0.37, 0.48], “old-

old”: OR = 0.11, CI = [0.08, 0.16]). Additionally, the odds of receiving radiotherapy were lower

in the “middle-old” and “old-old”. The likelihood of receiving a resection was not associated

with age in patients with metastases. Adjusted odds ratios and incidence rate ratios of patients

with metastases are shown in Fig 2.

Figs 3 and 4 show age group-specific expenditures as recycled predictions with CIs. All

types of expenditures decreased by age group, with “non-elderly” patients incurring signifi-

cantly higher expenditures in all domains than the three more advanced age groups in patients

with metastases. In patients without metastases, outpatient all-cause expenditures did not

Table 2. (Continued)

Mean all-cause medication expenditures 1 635 1 463 1 094 611 <0.0001

Mean lung cancer-specific total expenditures 10 422 9 823 8 440 5 127 <0.0001

Notes: Means and proportions of care and expenditures in age groups “non-elderly”(� 65 years),” young-old” (65–74 years), “middle-old” (75–84 years), and “old-old”

(� 85 years). All-cause and lung cancer-specific total, inpatient, outpatient, and medication expenditures within the3 months after diagnosis. Lung cancer-specific

expenditures relate to inpatient visits with a primary diagnosis of lung cancer, medications used in antineoplastic therapy or as supportive drugs (e.g., antiemetics,

antianemics), and outpatient cases with a diagnosis of lung cancer.

P-values from Chi2 test for binary variables and Kruskal–Wallis test for continuous variables.

https://doi.org/10.1371/journal.pone.0217434.t002
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differ significantly between “non-elderly” and “young-old” as well as “old-old” patients. Addi-

tionally, all-cause medication expenditures did not differ between “non-elderly” and “old-old”

patients. Other than that, the results were the same as in patients without metastases.

Sensitivity analysis

Results of the sensitivity analysis are provided in S1 and S2 Tables in the supplementary mate-

rial. Results differed only marginally from the analysis in the original sample.

Fig 1. Adjusted odds ratio and incidence rate ratio of care among age groups of lung cancer patients with metastases diagnosed in 2009 in Germany.

Time until first palliative care is reported as incidence rate ratio (IRR); all other outcomes are reported as odds ratios (OR). All IRR and ORs are adjusted for

sex, nursing home residency, care level, Charlson comorbidity index, and rural vs. urban residence. CI = confidence interval, OR = odds ratio.

https://doi.org/10.1371/journal.pone.0217434.g001
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Discussion

Care for elderly lung cancer patients differs widely from care for patients under the age of 65

years, regardless of the presence of metastases at the time of lung cancer diagnosis. Elderly

lung cancer patients receive fewer lung cancer-directed treatments than non-elderly patients.

The proportion of patients not receiving any treatment in our study was around 40%, and

even 66% among “old-old” patients with and without metastases, but only between 3% and 7%

among “non-elderly” patients. An interesting finding was that the proportions of patients not

Fig 2. Adjusted odds ratio and incidence rate ratio of care among age groups of lung cancer patients without metastases diagnosed in 2009 in Germany.

Time until first palliative care is reported as incidence rate ratio (IRR); all other outcomes are reported as odds ratios (OR). All IRR and ORs are adjusted for

sex, nursing home residency, care level, Charlson comorbidity index, and rural vs. urban residence. CI = confidence interval, OR = odds ratio.

https://doi.org/10.1371/journal.pone.0217434.g002
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receiving any tumor-directed treatments were higher in the group of patients without metasta-

ses. We hypothesized that a reason for this was a problem of misclassification of patients to

this stratum. By refining our sample in the sensitivity analysis, we believe we were able to

address this issue appropriately, as now proportions in the younger age groups were similar. In

particular, the use of antineoplastic therapy declined with increasing age in both metastases

strata. Recent studies and guidelines support the use of carboplatin-based doublets in fit

elderly patients and single-agent treatment in less fit patients [14]. However, for patients aged

80 years and older, there are limited data from trials; therefore, specific recommendations for

this age group are lacking [36]. The extreme drop seen between the “middle-old” and “old-

old” might be related to the reluctance of patients and physicians to administer antineoplastic

therapy in a setting with little evidence from trials.

Although rates of tumor resections in patients with metastases were comparable in all age

groups, the share of patients receiving tumor resection dropped from 55% in the “non-elderly”

to less than 12% in “old-old” patients. This drop was still apparent in the refined sample from

the sensitivity analysis. As we adjusted for comorbidities, care level, and nursing home status,

increasing frailty of older patients cannot fully justify this observation. In the early stages of

lung cancer, tumor resection is also recommended in elderly patients [14] and should not be

denied just because of calendar age. There is evidence that outcomes of tumor resection in lung

cancer patients are similar irrespective of age, even in patients older than 80 years [13, 37].

The results of our study underline previous findings about less comprehensive tumor-

directed treatment in elderly patients. Costa et al. found that the likelihood of patients� 70

Fig 3. Adjusted mean expenditures in the 3 months after diagnosis among age groups in lung cancer patients with metastases diagnosed in 2009 in

Germany. All-cause and lung cancer-specific total, inpatient, outpatient, and medication expenditures within the 3 months after diagnosis reported as recycled

predictions with 95% confidence intervals. Significance levels (� <0.05, �� <0.01, ��� < 0.0001) indicate significant differences between the age groups “young-

old” (65–74 years), “middle-old” (75–84 years), and “old-old” (� 85 years) and the reference group “non-elderly” (� 65 years). Lung cancer-specific

expenditures relate to inpatient visits with a primary diagnosis of lung cancer, medications used in antineoplastic therapy or as supportive drugs (e.g.,

antiemetics, antianemics), and outpatient cases with a diagnosis of lung cancer.

https://doi.org/10.1371/journal.pone.0217434.g003
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years of age receiving tumor resection, antineoplastic therapy, and radiotherapy was signifi-

cantly lower than for younger patients [38]. Additionally, Palma et al. reported that age was a

significant predictor of receiving tumor resection but not a significant factor influencing over-

all survival after this surgical procedure [39].

In addition to tumor-directed care, we found significant differences in the rate of palliative

care in elderly lung cancer patients in Germany. Experts from the “European Organization for

Research and Treatment of Cancer elderly task force” recommend that palliative care should

be integrated into lung cancer therapy shortly after diagnosis in patients with advanced disease

[14]. Also, Temel et al. show in their study that palliative care alongside usual oncologic care

results in prolonged survival, improved health-related quality of life, and reduced depression

[40]. However, in our sample, only between 20% and 35% of patients received any structured

palliative care.

Further, we found that the likelihood of patients being treated with opioids declines signifi-

cantly by age group. This might indicate insufficient pain management at more advanced age.

A systematic review reports that pain in cancer is prevalent in 39–66% of patients depending

on the stage of the disease [41]. It also suggests that experiencing pain from cancer or cancer

treatment does not depend on age; therefore, differences in the prevalence of pain manage-

ment should not occur. In contrast to our results, the review by Deandrea et al. found no con-

sistent role of age and sex concerning low-level pain treatment in cancer patients [42].

However, other studies have shown that older patients are at a disadvantage when it comes to

pain management [43].

Fig 4. Adjusted mean expenditures in the 3 months after diagnosis among age groups in lung cancer patients without metastases diagnosed in 2009 in

Germany. All-cause and lung cancer-specific total, inpatient, outpatient, and medication expenditures within the 3 months after diagnosis reported as recycled

predictions with 95% confidence intervals. Significance levels (� <0.05, �� <0.01, ��� < 0.0001) indicate significant differences between the age groups “young-

old” (65–74 years), “middle-old” (75–84 years), and “old-old” (� 85 years)and the reference group “non-elderly” (� 65 years). Lung cancer-specific

expenditures relate to inpatient visits with a primary diagnosis of lung cancer, medications used in antineoplastic therapy or as supportive drugs (e.g.,

antiemetics, antianemics), and outpatient cases with a diagnosis of lung cancer.

https://doi.org/10.1371/journal.pone.0217434.g004
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Similar results were found in the treatment of depression. Studies report that female sex,

severe illness, as well as poor functional and performance status predominantly predict

depression in cancer patients [43–46]. Therefore, we would not expect significant age-related

differences in the treatment of depression. Concerning treatment with antidepressants, Find-

ley et al. report reduced treatment in elderly patients with cancer and depression [47], and

Ashbury et al. found that cancer patients in general are insufficiently treated for depression

[48].

Expenditures in our study refer to health insurance expenditures in the first 3 months after

diagnosis and reflect the intensity of measures taken up right after diagnosis. Total expendi-

tures were on average €6 000–14 000 with a significant decrease the higher the age group. This

was true for almost all cost components. The biggest cost component was expenditures for

hospitalizations. These results emphasize at the monetary level how the intensity of treatment

decreases with advancing age.

A limitation of our study is that our data did not include information about the histology or

stage of the tumor at diagnosis. Therefore, we cannot exclude that lower treatment intensity in

elderly patients might result from more advanced stages in our age categories. However, a

study from the UK found that patients in their 50s and 60s are more likely to be diagnosed

with advanced lung cancer than older patients [49]. Furthermore, by stratifying our study sam-

ple by the presence of metastases and refining this definition in our sensitivity analysis, we

believe we were able to approximate stage at diagnosis. All the above analyses showed stable

results of differences in therapy with increasing age.

Another limitation is that we had no access to any measures of patient preferences. Previous

research has shown that the desire for aggressive therapy is as high in octogenarians as in

younger patients [36]. In addition, when patients did not receive guideline-recommended

therapy, this was due to refusal in only 26% of cases, whereas 48% were not offered the therapy

because of comorbidities or poor performance status, and 26% were not offered therapy

because of their age [36]. Further, while patient preference may play a role in the use of tumor-

directed therapy, it does not seem plausible that elderly patients prefer to receive less palliative

care or pain relief. Previous research has found that elderly patients are at risk of undertreat-

ment for pain, as their sensitivity to pain is underestimated, they are expected to be able to tol-

erate pain well, and there is a misconception about their ability to benefit from the use of

opioids [43, 50]. Management of pain and depression are integral parts of palliative care and

closely interlocked according to the concept of “total pain” in cancer by Cecily Saunders [51].

Therefore, a strength of our study is including palliative measures in addition to active tumor

treatment. Furthermore, by also comparing expenditures in the phase directly following diag-

nosis, we reflect overall differences in the intensity of initial care. The outstanding feature of

our analysis is the direct comparison of different age groups, with a classification algorithm

established in gerontology. So far, studies have investigated differences in treatment given to

elderly patients mostly by either including age as a continuous variable in a logistic regression

or studying cohorts only including elderly patients [15, 52, 53]. Stratification for age has been

done previously, but mostly specifying one large group as elderly patients, for example all

patients > 70 years [28, 36]. Thus, non-linear effects of aging might not have been comprehen-

sively addressed within previous work. Another strength of our study is the sample size of our

dataset. It covers around 30% of German residents, and our study population includes patients

from all 402 districts in Germany. The AOK SHI funds are part of the German SHI system,

which covers around 86% of the population. Some 95% of all SHI services are defined by law

and offered by all the distinct SHI funds. Therefore, our results are generalizable to at least the

whole German population insured under SHI.
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Conclusion

In conclusion, our study describes a significant age gradient across all care aspects studied,

affecting tumor-directed therapies as well as palliative care and the treatment of pain and

depression. Evidence from this study suggests that this effect cannot be explained completely

by patient preferences and a certain degree of undertreatment in elderly patients is plausible.

As a majority of lung cancer patients are over the age of 65 years, this is of great public health

concern. Although efforts to enhance palliative care in Germany have been made, lawmakers

should further adjust public health policies to address these disparities.
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