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Zusammenfassung

Zusammenfassung

Lungenkrebs tragt einen grofRen Anteil an der weltweiten Krankheitslast und gehért zu den haufigsten
krankheitsbedingten Todesursachen. Die Erkrankung tritt in unterschiedlichen Histologien auf, welche
unterschiedliche Prognosen und Therapieoptionen implizieren. Bei der Mehrheit der Patienten wird der
Lungenkrebs erst in einem spaten Stadium festgestellt, das mediane Erkrankungsalter liegt bei ca. 70
Jahren. Im frilhen Stadium bestehen bei Durchfiihrung einer Operation gute Heilungschancen. Im
fortgeschrittenen Stadium ist meist nur eine Chemotherapie, oft kombiniert mit einer Bestrahlung und eher
palliativem Ansatz, mdglich. Aufgrund der hohen Mortalitat der Erkrankung spielt die terminale Phase eine
grol3e Rolle, hier liegt der Fokus auf der Beibehaltung der Lebensqualitat und der Sterbebegleitung. Vor
diesem Hintergrund zielt der im Jahr 2008 ins Leben gerufene Nationale Krebsplan darauf ab, allen
Krebspatienten in Deutschland, unabhéngig von ihrem Geschlecht, Alter, Wohnort oder anderen
Gegebenheiten, denselben Zugang zu effektiver, standardméfiger aber auch innovativer, Krebstherapie zu
ermdglichen.

Ziel dieser Arbeit ist es, anhand von Krankenkassendaten die aktuelle Versorgungssituation von
Lungenkrebspatienten in Deutschland abzubilden und im Einklang mit den Zielen des Nationalen
Krebsplanes, mdglicherweise vorhandene Versorgungsunterschiede aufzudecken und benachteiligte
Patientengruppen zu identifizieren. Hierzu wird eine Kohorte von ca. 17.500 Lungenkrebspatienten
(diagnostiziert in 2009) aus Daten des Wissenschaftlichen Institut der AOK (WIdO), identifiziert. Diese
Patienten werden beziliglich verschiedener Versorgungssituationen und in unterschiedlichen
Patientengruppen deskriptiv und unter der Zuhilfenahme multivariabler Analysemethoden miteinander
verglichen.

Die Untersuchungen zeigen, dass anders als bei der Ausgestaltung der Krebstherapie an sich, die Betreuung
in der letzten Lebensphase unabhangig von einem eher stadtischen oder eher landlichen Wohnort ist.

Faktoren die einen Einfluss auf die Leistungsinanspruchnahme am Lebensende haben, hangen meist mit



Zusammenfassung

einer vorherigen Tumorbehandlung, Komorbiditdten und dem Alter der Patienten zusammen. Das
Geschlecht und das Tumorstadium haben einen signifikanten Einfluss auf die unterstiitzende Behandlung
in der Lebensendphase.

Die Ergebnisse dieser Untersuchung zeigen auch, dass ein GroRteil der Lungenkrebspatienten in
Deutschland im Krankenhaus verstirbt. Faktoren, die mit einem vorherigen Krankenhausaufenthalt bzw.
einer vorherigen Behandlung im Krankenhaus und Komorbiditdten zusammenhéangen, erhéhen die
Wahrscheinlichkeit im Krankenhaus zu versterben. Wird ein Patient hingegen friihzeitig ambulant palliativ
betreut, ist die Wahrscheinlichkeit im Krankenhaus zu versterben geringer. Zu bedenken ist hierbei, dass
ein Versterben im Krankenhaus mit signifikant héheren Ausgaben fiir das Krankenversicherungssystem
verbunden ist.

Die Mehrheit der Lungenkrebspatienten wird erst im Alter von (iber 65 Jahren diagnostiziert und unsere
vorherigen Untersuchungen zeigen, dass das Alter auch einen Einfluss auf die Behandlung zum Lebensende
hat. Eine weitere Untersuchung zeigt, dass sich sowohl in der Behandlung des Tumors selbst, als auch in
der Schmerztherapie und der Gabe von Antidepressiva ein signifikanter altersabhangiger Unterschied
zulasten der alteren Patienten ergibt.

Zusammenfassend unterstreicht die vorliegende Arbeit die Wichtigkeit des nationalen Krebsplanes und die
hiermit in Verbindung stehende Notwendigkeit zur Verbesserung der Lungenkrebsversorgung. Zudem
werden altere Patienten als eine wichtige Personengruppe herausgestellt, die einerseits besonders stark
von der Erkrankung betroffen ist und andererseits nicht immer ausreichend versorgt wird. In diesem
Zusammenhang ist eine weitere wichtige Implikation dieser Arbeit, dass die friihzeitige und starkere
Einbindung der Palliativmedizin in die Lungenkrebsbehandlung ein wichtiger Ansatz furr eine effiziente,

gleichmaBige und gerechte Versorgung ist.



Summary

Summary

Lung cancer is a leading cause for morbidity and mortality worldwide. It presents in different histologies
with differing prognosis and treatment options. A majority of lung cancer patients is diagnosed in an
advanced stage and at a median age of around 70 years. The treatment option for early stage patients is
lung cancer resection with curative intent. Patients with advanced stage are mostly treated with
chemotherapy, often alongside radiotherapy, mostly focused on prolonging life and relief of symptoms. As
mortality in lung cancer patients is high, the terminal phase is of great importance. The primary aim of
therapy in this phase is maintaining quality of life and providing support in the last days of life. Therefore,
in 2008 the national cancer plan was introduced in order to set goals for cancer care in Germany. The main
fields of action in the national cancer plan are to provide effective and innovative, state-of-the art cancer
care for all cancer patients in Germany, irrespective of age, gender, residence area and other basic
characteristics.

The aim of this thesis is to assess lung cancer care in Germany using real world evidence from claims data.
In particular, in line with the goals set in the national cancer plan, the aim is to identify possible inequity in
cancer care or vulnerable patient groups. Using claims of around 17500 lung cancer patients (diagnosed in
2009) provided by WIdO the scientific institute of the AOK statutory health insurance (SHI) funds, in this
thesis these patients are analyze in different healthcare settings and comparisons of healthcare provision
in different patient groups are made, using descriptive and multivariable analysis methods.

The analyses show that, other than general cancer care, end-of-life care does not differ depending on the
place of residence of the patient. Factors that do influence end-of- life care are aspects relating to prior
anticancer treatment, comorbidities, and age. In addition, gender and stage of the disease at the time of
diagnosis are significantly associated with supportive care in the terminal phase.

The results show that a large proportion of lung cancer patients die in a hospital setting. Factors that are

associated with inpatient death mostly relate to prior contacts with the hospitals like prior hospitalizations
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and treatment of the tumor or comorbidities. Factors that lower the likelihood of inpatient death relate to
access to care settings, which are more focused on palliation than hospitals. Expenses for the health
insurance fund are significantly higher for patients with inpatient death.

Age plays an important role in lung cancer as a majority of patients is diagnosed when they are 65 years
and older. Additionally, age was identified as an important factor for end-of-life care. Therefore, it was
assessed whether there are inequities in lung cancer care between younger and elderly patients. The
results suggest that there is an age-dependent disparity in the frequency of anti-tumor treatment and in
supportive care provided to young and elderly patients.

This thesis highlights the importance of the national cancer plans and efforts to improve lung cancer care
in Germany. Additionally, it identifies elderly patients as a patient group that on the one hand is most
vulnerable to the disease and, for whom on the other hand therapy not always fits their needs. In line with
that, the thesis suggests that a bigger focus on, and an earlier integration of palliative care could be a crucial

step to provide more equity in lung cancer care.
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Chapter 1 General introduction

1.1. Epidemiology and Etiology

Across all types of cancer, in 2014, lung cancer had the second highest incidence in men and the third
highest incidence in women in Germany [1]. Incidence rates in 2014 ranged from 57.2 per 100,000 in men
and 28.9 per 100,000 in women [2]. Although incidence rates are stable in men and are even expected to
decrease in the coming years, numbers in females are still on the rise [1]. Further, lung cancer was the
fourth leading cause of death in Germany in 2015 [3], it accounted for the highest proportion of cancer-
related deaths in total and in men, and the second highest in women [3]. Relative 5-year survival rates are
around 16 to 21 % in males and females [4]. Lung cancer mostly develops at a higher age, with median age
at diagnosis ranging between 68 and 70 years in developed countries [1, 5, 6].

The main risk factor for lung cancer is smoking. In men, 9 out of 10 lung cancer cases, and in women at
least 6 out of 10 lung cancer cases are attributable to active smoking [1]. Passive smoking also increases
the risk. There are two main types of lung cancer, small cell lung cancer (SCLC) which makes up around 10%
to 15% of all lung cancers, and non-small lung cancers (NSCLC) which makes up around 80% to 85% [7].
NSCLC presents in several subtypes. Adenocarcinomas represent around 40% of all lung cancer cases,
squamous cell carcinoma around 25% to 30%, and large cell carcinomas about 10% to 15% [7]. In NSCLC,
staging according to the Union for Cancer Control (UICC) criteria includes stages 0, and | to IV, with
substages la, Ib, 112, lib, Illa, IlIb, lllc, and IVa and IVb [8]. Although the UICC criteria are also used in SCLC, a
more commonly used definition is the Veterans Administration classification system [9], classifying the
cancer by very limited, limited, and extensive disease. A study conducted across several European countries
and Canada found that almost 70% of patients with SCLC are diagnosed with extensive disease [10]. In
NSCLC the proportion diagnosed with advanced disease is around 50% [10] . According to data of cancer

registries across Germany, in 2011 13% of lung cancer (SCLC and NSCLC) patients were diagnosed in stage
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[, 8% in stage Il, 23% in stage lll and 55% of patients was diagnosed in stage IV [11]. The delay in diagnosis
can in part be explained by a low and unspecific symptom load in the beginning of the disease [12]. It is
also a major reason for the low 5-year survival rates, as potentially curative therapy options are often only

available for early stage disease [8].

1.2. Treatment

Treatment options in lung cancer are highly dependent on the stage and the type of cancer. Additionally,
the general condition of the patient including comorbidities are relevant factors in treatment decisions. A
higher age alone should not be the sole reason to not pursue one of the treatments [8].
Therapiesinclude surgical resection of the tumor, radiotherapy, cytostatic chemotherapy, and therapy with
targeted agents, monoclonal antibodies and immunotherapy. In SCLC, tumor resection is often not
indicated, as this type of cancer is generally fast growing and a complete resection is mostly not possible.
Therefore, patients suffering from SCLC are mainly treated with chemotherapy [8]. In early stages of NSCLC
when the tumor sizes are still small and the cancer has not spread to other parts of the body (mainly stages
l, 1, and llla), a resection of the tumor is the treatment of choice [8]. If a surgical resection of the tumor is
possible, the most common approach is a lobectomy [13], which means that one or more lobes of the lung
are resected. Lobectomy can be performed either thoracoscopic or as thoracotomy. Studies have shown
that thoracoscopic lobectomy is associated with less postoperative pain, fewer complications, less surgical
morbidity and equal or better long-term survival than thoracotomy [14-18]. Additionally, our own research
showed that 3-year lung cancer-specific costs are significantly lower for thoracoscopic compared to open
lobectomy from the perspective of German statutory health insurance (SHI) funds [19]. As a large part of
lung cancer patients are not eligible for a resection, chemotherapy plays a major role in treatment. But also
in patients with NSCLC who have undergone a resection of the tumor, often adjuvant chemotherapy is

administered, sometimes accompanied by radiotherapy [8]. For all patients with non-resectable tumors
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chemotherapy, often in combination with radiotherapy, is used for treatment. After years without a major
breakthrough in therapy, treatment strategies with targeted therapies and immunotherapy have been
recently approved in the treatment of NSCLC. Some of the targeted agents show promising results in
second-line, third-line, and even in first-line therapy in patients with advanced stage NSCLC. These agents
have shown to significantly improve progression free survival [20-28], cause less toxicity [23, 25-27], and
show better quality-of-life [20-22, 28] compared to cytostatic chemotherapy. However, targeted agents
are most effective in patients with certain mutations so-called driver mutations, and only around 13-40%
of NSCLC patients have driver mutations for which a drug has already been approved [29, 30]. Regarding
immune therapy, according to a recent study from the USA around 21.5% of patients with NSCLC could be
eligible for therapy with immune checkpoint-inhibitors [31], which have shown survival benefits compared

to cytostatic chemotherapy in several randomized controlled trials [32].

1.3. Treatment intent and treatment phases

In general, lung cancer is defined by different disease phases with differing treatment intents. In the
beginning, the intent of therapy is to cure the patient of the disease. This phase is characterized by patients
with very limited and limited disease in SCLC, and stages |, Il, and Illa, in NSCLC. In this phase, if possible,
surgical resection is performed with curative intent. In SCLC 3-year survival rates in resected patients range
from 50-70% in stage | NO to 30-40% in stage Il N1 and 20% in stage Il N2 [8, 33]. In NSCLC 5-year survival
for resected patients is 69% to 89% in stage la [34], 52% to 75% in stage b [35], 45% [34] to 52% [35] in
stage lla, 33% in stage Ilb [34] and 24% [34] to 44% [35] in stage Illa. When a curative surgical resection is
notindicated, therapy intent in both SCLC and NSCLC is palliative and defined by the goal to prolong survival
and relieve symptoms (stage lllb and 1V). Compared to best supportive care alone, classical chemotherapy
alongside best supportive care results in a 9% higher 1-year survival [36]. When a targeted therapy or

immune therapy is indicated and prescribed, this can result in significantly lower hazard ratios regarding
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progression free survival compared to classical chemotherapy [20-28]. Symptom relief in this phase of the
disease mainly refers to relief of dyspnea and pain, but also psycho-oncological aspect should be addressed
[8]. The terminal phase, which is closely linked with the second phase, is characterized by a focus on
maintaining quality of life and providing end-of-life [8]. According to treatment guidelines in this phase only
measures that relate to symptom control should be applied [8].Quality measures of end-of-life include
place of death (inpatient death unfavorable) and hospitalizations close to death, but also late onset of
palliative care and chemotherapy closely before death [37-39]. In general, studies show that an early
integration of palliative care into routine care can prolong life while maintaining a good quality of life [40-

42].

1.4. Lung cancer care in Germany

To ensure adequate provision of cancer care in Germany as described above, in 2008 the German
government defined goals concerning cancer care in the national cancer plan (Nationaler Krebsplan). The
national cancer plan includes four key fields of action including several sub goals. The first field of action
relates to cancer prevention, the second involves further development of structures in oncological health
care, the third ensures provision of efficient oncological treatment, and the fourth has an emphasis on
strengthening patient orientation. Prevention of lung cancer involves on the one hand initiatives to
strengthen tobacco control, campaigns to stop smoking or prevent people to start smoking, as well as
introducing non-smoking. On the other hand, it involves programs for lung cancer screening. So far, there
is no population based screening program in Germany, however the guideline allows yearly low-dose CT
scans for asymptomatic patients at risk [8]. The first goal of field of action number two is to have all cancer
patients receive high quality care, notwithstanding their age, gender, origin, place of residence or insurance
status. In line with this, a process of certifying hospital as cancer centers was introduced. These centers

have to fulfill several criteria in order to receive accreditation as certified centers and have to maintain
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these standards over time. Until the end of 2017, there were 49 certified lung cancer centers in Germany.
The main aim in field of action three is to ensure that all patients have a fair and fast access to innovative
and efficient cancer therapies. This includes a quick translation of results from basic research to real world
treatment of patients. Patient orientation can be strengthened by offering comprehensive and easily
accessible information to patients and their relatives. Additionally, communication skills of all service
providers involved should be trained regularly, and patients should be included actively in treatment

decisions.

1.5. Health Services Research and claims data

According to the German Centers for Health Research, health services research (HSR) represents the fourth
pillar of health research besides basic research, pre-clinical research and clinical research [43]. It
investigates how basic and clinical research is translated into routine care and how policy changes like the
introduction of the national cancer plan affect everyday medical care. In line with the goals of the national
cancer plan, additionally, it aims at detecting over- and underprovision of care. Data used in this kind of

research mainly comes from physician records, hospital records, and claims of SHI funds.

Claims data, also called administrative data or secondary data, refer to data that is collected routinely by
service providers and SHI funds mainly for the purpose of reimbursement. Analyses involving claims data
often focus on access to healthcare e.g. disparities in treatment [44], quality of healthcare [44], but also

the evaluation of interventions and policy changes [45].

A major challenge when analyzing claims data relates to the lack of clinical information, as information in
claims data are restricted to the needs of reimbursement. For example, in lung cancer claims data does not
provide direct information about the histology of the cancer or the stage of the cancer at the time of
diagnosis. This information can only be derived indirectly by using diagnoses of metastases or procedural

codes for therapies. Another weakness of claims data refers to underreporting and incorrect data. If a
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specific test or diagnostic code is not relevant for reimbursement purposes it is less likely to be reported.

Further, data can be entered incorrect e.g. by the administrative clerk.

Although there are some challenges to using claims data, they are a powerful tool to generate real world
evidence in medical science. One major advantage of claims data is the aspect of external validity [46]. In
Germany, around 86% of the population is insured through a SHI fund. Law regulates insurance
contributions and healthcare services covered by the SHI and patient clientele differs only slightly between
different SHI funds [47]. Therefore, analyzing German SHI claims can provide a comprehensive overview of
nationwide routine healthcare practices and results can be generalized to the whole population.
Additionally, compared to clinical trials these data help to study groups that are generally more difficult to
observe because they are often not included in clinical trials, like children or elderly patients [48].
Therefore, it is possible to analyze if evidence from clinical trials and health policies are implemented in the
broad population and whether there are disparities between patient groups regarding if and how this
evidence and policies are administered. Furthermore, sample sizes in claims data analyses are typically

large therefore, rare diseases, rare complications, and rare outcomes can be studied appropriately.

The dataset used in the analyses of the three papers included in this thesis contained anonymized health
insurance claims for 17478 patients diagnosed with lung cancer in 2009. The dataset was provided by WIdO,
the scientific institute of the AOK SHI funds, which covers around 30% of the German resident population.
Basic data contained month and year of birth, month and year of death (if applicable), sex, and care level
as well as nursing home residence status over the course of the disease. Additionally, it included claims for

hospitalizations, outpatient hospital visits, outpatient physician visits, and medications.

1.6. Objectives, and contents of this dissertation

The main objective of this dissertation is to study lung cancer care in Germany using claims data. In

particular, relating to the goals in fields of action two defined in the national cancer plan, the thesis aims
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to detect possible differences in lung cancer care between geographical regions and across patient
populations with different characteristics. In consequence, the information gathered in this thesis can be
used to identify aspects of care that need improvement and patient groups that are more vulnerable, or

until now, do not get the best care to fit their needs.

Article 1 aims at detecting differences relating to geographical residence (rural or urban) in end-of-life care
in lung cancer patients. As laid out in chapter 1.1, mortality rates in lung cancer are high, therefore the end-
of-life phase is a phase that affects most patients during the course of the disease. As other studies found
that active lung cancer treatment differs between rural and urban areas, this analysis aims to detect
whether end-of-life care also differs according to the area of residence. Using the district types major city,
urban area, rural area and remote rural area the analysis compares a variety of aspects of end-of-life care
relating to healthcare utilization and supportive care. There were no differences relating to geographical
residence of the patients, therefore the results reject the hypothesis of regional inequality in end-of-life
care. Instead, the results show that trigger factors for high and low utilization of healthcare are mostly age,
comorbidities, and prior anticancer treatment. Supportive care is mostly associated with gender and the

stage of the disease at the time of diagnosis.

The analysis in article 1 also shows that, compared to other countries, quality indicators of end-of-life care
have room for improvement in Germany. In particular, the majority of lung cancer patients in Germany die
in a hospital setting, whereas in the USA only around 20% of patients do [49]. Previous research has found
that irrespective of a cancer diagnosis, there is a preference for dying at home or in a hospice [50, 51].
Therefore, article 2 aims to identify factors associated to inpatient death in German lung cancer patients.
Using a least absolute shrinkage and selection operator (LASSO) selection model, the analysis identifies
factors relating to an increased and decreased likelihood of inpatient death. Factors associated with a
higher likelihood of inpatient death are often related to previous contacts with hospitals like prior

hospitalizations and treatment of the tumor or comorbidities. Factors associated with a lower likelihood of
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inpatient death are related to access to care settings, which are more focused on palliation than hospitals.
Additionally, expenses for the health insurance fund are significantly higher for patients with inpatient
death. These findings suggest that a more thorough implementation of tools like palliative care might help

patients to make self-determined decisions relating to their place of death.

Article 3 focuses on differences in therapy relating to the patients’ age. Results from article 1 suggest that
end-of-life care is associated directly with the age of the patient. As lung cancer is most commonly
diagnosed in elderly patients with a median age of diagnosis of around 68-70 years in developed countries
[1, 5, 6], these patients make up the majority of lung cancer cases. Therefore, this article studies differences
in active tumor therapy, diagnostic measures, palliative care, and costs between non-elderly (K5 years)
and young-old (65-74 years), middle-old (75-84 years), and old-old (85 years) patients. Results show that
the likelihood to receive any tumor-directed treatment is significantly associated with age. Elderly lung
cancer patients receive significantly fewer resections and radiotherapy or antineoplastic therapy.
Additionally, older patients are less likely to receive structured palliative care and increasing age is
associated with reduced quotas for outpatient treatment with opioids and antidepressants. These results
suggest the existence of an age-dependent care disparity with potential undertreatment of elderly patients.

Adjustments to public health policies seem to be urgently needed to support equal access to care.

In conclusion, the three articles of this thesis highlight the importance of the national cancer plans and
efforts to improve lung cancer care in Germany. It shows that end-of-life care is provided indiscriminately
across Germany, without disadvantages for patients from rural areas. However, the research identifies
elderly patients as an important patient groups that, on the one hand is most vulnerable to the disease,
and on the other hand suffers from potential undertreatment. In line with that, the thesis suggests that a
bigger focus on, and an earlier integration of palliative care could be a crucial step to provide more equity

in lung cancer care.
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1.7. Individual contribution of the author

The author of this thesis has contributed substantially to the concept of all included articles and the
involved study question, and prepared the datasets for all analysis. Additionally, she performed the
statistical analysis for the articles 1 and 3, wrote the original manuscript for these articles, and accompanied
the publication process as the corresponding author. She has supervised the Master thesis, which formed

the basis for article 2, and was the main contributor to editing and reviewing this article.
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