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1. Introduction

1.1 Background

1.1.1 Population and cancer incidence in Germany: Present and future

The population of Germany is heterogeneous and dynamic: Through the years, it has
increasingly become a popular destination, primarily for immigrants from Europe but also
other continents (Rudiger et al., 2021). Immigration to Germany has occurred throughout
the nation’s history; today it represents one of the most popular destinations for
immigrants in the world. According to data from the German Federal Statistical Office, well
over 1 million people moving to Germany each year since 2013 and over the past 10
years, the number of foreign citizens living there increased from 14.9 million to 22.3
million, representing ~27.3% of the total population (Destatis Statistisches Bundesamt,
2022; Organisation for Economic Co-operation and Development, 2023). Around 10.9
million (52.4%) have already obtained German citizenship (Federal Office for Migration
and Refugees, 2018). Apart from the continuous flow of immigrants into Germany since
the 1960s, current events such as the humanitarian crisis in Ukraine also contribute to a
changing population. Indeed, Eurostat forecasts a constant increase in net migration to
Germany from 891,000 in 2015 to a peak of 1.37 million people by 2036 (Eurostat, 2019).

Simultaneously, an ongoing transition in health care takes place (Schmerler, 2018): the
proportion of foreign medical patients in Germany increased from 2.7% in 2008 to 11.7%
in 2020 (Radkte, 2022). In addition to the steady influx of immigrants, the concept of
medical tourism leads to an increase in the number of non-German patients receiving
treatment in Germany. Medical tourism is defined as the process of leaving home for
treatment and care abroad or elsewhere domestically (Oltean et al., 2020). For this group
of patients, literature and data are scarce (Schmerler, 2018), consistently describing
medical tourists as demanding and require high levels of care. Usually, they come from
the upper income brackets. Primarily, they travel to Germany in order to receive care in
the areas of oncology, neurology, orthopedics and several invasive disciplines such as

bariatric and thoracic surgery.



As the proportion of foreign patients in Germany increased, the incidence of oncological
diseases has followed a similar trend. Considering the aging population, greater cancer
risk with age, and improving cancer survival rate, the global incidence of cancer is
expected to rise from ~9 million in 2017 to ~26 million by 2030 (Carlotto et al., 2013; De
Ruysscher et al., 2019; Hayes et al., 2018). Commonly combined with surgery,
chemotherapy, and immunotherapy, radiotherapy is part of first-line cancer treatment in
approximately 50% of cancer patients (Barton et al., 2014; Begg et al., 2011; Delaney et
al., 2005; Lapierre et al., 2022), contributing to around 40% of cures (Baskar et al., 2012).
Thus, given that foreign patients living in Germany or foreign patients traveling to Germany
for treatment are equally affected by this development, their use on radiotherapy as a

component of their cancer treatment regimen is expected to increase in the future.

1.1.2 Radiotherapy and toxicity

Radiotherapy comprises the treatment of benign and malignant diseases. As stated, it is
an essential component of oncological treatment and is part of cancer treatment in about
half of all cancer patients (Barton et al., 2014; Begg et al., 2011; Delaney et al., 2005;
Lapierre et al., 2022). Along with surgery and chemotherapy, it represents one of three
important pillars of curative, but also palliative intended oncological therapy. Curative and
palliative intended radiotherapy uses ionizing radiation and aims to eliminate cancer stem
cells by producing DNA damage leading to tumor death while limiting damage to normal
tissues (Barazzuol et al., 2020; Wang and Tepper, 2021).

In recent decades, radiation oncologists’ ability to personalize radiotherapy parameters
based on specific tumor and patient characteristics has dramatically improved due to
clinical research (Baumann et al., 2016; Bernier et al., 2004; Verellen et al., 2007).
Technological advances have evenly contributed to this development by decreasing
toxicity whilst improving the ability to deliver radiotherapy maximizing tumor dose and
minimizing organ dose. In addition, image-guidance methods make treatments more
accurate (Lemanska et al., 2017). However, despite the use of optimized and state-of-the-
art techniques, approaching the physical limits of shaping high doses to the target volume,

co-irradiation of peritumoral tissues is inevitable (Baumann et al., 2016).
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The pathophysiology of co-irradiation, or radiation injury to normal tissue, underlies
following, briefly depicted mechanism: lonizing radiation initiates its effect by directly or
indirectly via reactive oxygen species damaging DNA, prompting a cascade of events
potentially leading to cell death. The degree of cell killing and resistance, and with that,
clinical representation of radiation injury, varies, depending on the localization and
cumulative and fractionated dose of the ionizing radiation as well as affected organ
sensitivity. An organ’s sensitivity is primarily determined by cell properties such as degree
of differentiation and mitotic rate (Bentzen, 2006). Organs anatomy and physiology also
express influence on how the effect of ionizing radiation on normal tissue is manifested:
organs can be considered to consist of functional units arranged either in parallel (e.qg.,
liver and lung) or in series (e.g., esophagus and nerve), each with characteristic pathways

to toxicity (Wang and Tepper, 2021).

A myriad of undesirable and extensive side effects can occur both early (<3 months) and
late (>3 months) after treatment (De Ruysscher et al., 2019; Lapierre et al., 2022; Welzel
and Tanner, 2018). Acute effects usually manifest in inflammation or reflect epithelial
depopulation of rapidly growing epithelial cells. Among acute toxicities, dermatitis,
mucositis, xerostomia or nausea are commonly-encountered side effects. Late effects
often present as fibrosis, vascular injury, or gradual parenchymal injury, which may
decrease global organ function, probably manifesting years after treatment. Recovery or
repopulation of damaged tissue is substantially influenced by turnover and transit time for
normal tissue stem cells, determining timing of symptoms. Therefore, patients completing
radiotherapy are counseled that acute side effects may continue to worsen before
recovery (Wang and Tepper, 2021).

Usually, a direct relationship between radiation dose, normal tissue dose and risk of
toxicity can be identified, resulting in guidelines and recommended dose limits for most
tissues. Yet, the risk of occurrence of side effects underlies multifactorial reasons. It
becomes apparent, that the study of radiotherapy related side effect is complex and
represents a legitimate core component of the profession of radiation oncology, continuing
to evolve alongside advances in cancer management. An understanding of acute and late
effects in different organ systems is clinically pertinent to both oncologists and
nononcologists (Wang and Tepper, 2021).
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Not all patients are equally vulnerable to radiotherapy-related side effects, some display
more severe side effects than others (Sonis, 2015). Response to treatment and severity
of side effect is, to some degree, associated with multiple factors such as regimen
selection, drug or radiation dose, and route of administration, yet, patient-centric variables
are thought to be major contributors, too (Sonis, 2015). Hence, predicting which patients
are most susceptible to severe side effects of radiotherapy is important in order to
personalize treatment planning, allow treatment modification, prevent toxicity and improve
quality of life of cancer survivors (Lapierre et al., 2022). Given the heterogeneous and
dynamic population in Germany, striving for migration-adapted patient care in

radiotherapy is an important goal.

1.2 Empiricism to date

Appropriate selection of patients for treatments, maximising efficacy and minimising
toxicities, has long been a fundamental part of clinical practice, but limited tools
determining which patients will benefit and which may suffer toxicities were available
(Jackson and Chester, 2015). The primary focus of recent research is directed towards
identification of genetic markers and cancer predisposition genes (Chin et al., 2011; Dzau
et al., 2015; Ginsburg and Phillips, 2018; Golubnitschaja et al., 2016; McCarthy et al.,
2013) as well as further development of molecularly targeted therapies (Jackson and
Chester, 2015). Nevertheless, selecting the treatment regimen that is most beneficial to
each patient while reducing toxicity requires consideration of patient’s characteristics in a
multifaceted way, including sociodemographic characteristics and clinical features next to
genetic markers (Conti et al., 2010; Di Sanzo et al., 2017; Tremblay and Hamet, 2013).
However, given this primary focus, limited information is available on the influence of

sociodemographic characteristics on therapeutic outcomes.

Studies focusing on foreign cancer patients have evaluated disease risk diversity and
incidence, treatment response, progression, and survival (Andreeva et al., 2007; Arnold
etal., 2010; Budde et al., 2019; Budde, 2020; Hemminki et al., 2013; Hjerkind et al., 2017;
Latif et al., 2015; Mousavi et al., 2012; Rudiger et al., 2021; Simberg-Danell et al., 2016;
Spix et al., 2008; Thaggersen et al., 2018). For example, studies show that risk of prostate

cancer underlies remarkable international variations, with an extreme near tenfold
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between high-risk Austrians and low-risk Serbians and Romanians (Hemminki et al.,
2013). There is similar evidence that foreign patients undergo changes in breast cancer'
risk after relocation, accompanied by an increased overall breast cancer incidence
(Andreeva et al., 2007). Hjerkind et al. (2017) found differences in incidence patterns
between immigrants and Norwegian-born, depending on country of origin and cancer
type. One study investigated age- and time-dependent changes in cancer incidence
among immigrants: In their study, age at immigration was associated with the risk trend
of cancer (Mousavi et al., 2012). Additionally, it was shown, that non-western patients had
a more favourable all-cancer morbidity and mortality compared with native populations of
European host countries, yet, they showed considerable site-specific risk diversity: non-
western patients were more prone to cancers that are related to infections experienced in
early life, such as liver, cervical and stomach cancer (Arnold et al., 2010). Budde et al.
(2019) compared German to foreign patients and found differences in progression-free
survival, i.e. a subgroup analysis of patients with head and neck cancer showed
significantly longer progression-free survival for German patients. In line with this, a study
conducted by the German Cancer Childhood Registry showed significantly lower survival
for children of Turkish descent with lymphoid leukemia (Spix et al., 2008). Furthermore, a
nationwide registry-based study comprising subjects diagnosed with cancer between
1990 and 2014 have also reported worse survival in foreign patients from sub-Saharan
Africa, Eastern Europe and Balkan with breast cancer, prostate cancer and melanoma
relative to the host populations (Latif et al., 2015; Simberg-Danell et al., 2016; Thggersen
et al., 2018).

Contrary to those findings, Rudiger et al. (2021) found no evidence that response rates to
treatment or overall cancer survival were significantly affected by migration background

of cancer patients, reporting several limitations in the study.

The vast majority of studies mentioned above indicate that differences between groups of
patients from different nationalities in terms of risk diversity and incidence, treatment
response, progression, and survival exist (Arnold et al., 2010; Budde et al., 2019; Budde,
2020; Hemminki et al., 2013; Hjerkind et al., 2017; Latif et al., 2015; Simberg-Danell et al.,
2016; Spix et al., 2008; Thggersen et al., 2018). Yet, those studies have not sought to

identify unique patient characteristics that predict beneficial or unwanted outcomes of
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therapy. Thus, a deeper understanding of the impact of sociodemographic characteristics
on therapeutic outcomes, including unfavorable side effects, is needed to further
personalize healthcare and ensure migration-adapted patient care in radiotherapy
(National Health System England, 2016).

1.3 Research question and hypotheses

The objective of this retrospective matched-pair control study was to investigate
differences in the severity of early side effects of radiotherapy depending on patients’
nationality and other sociodemographic and clinical characteristics. The increasing
number of foreign patients in an aging population with increasing cancer incidence makes
the comparison of therapeutic side effects between foreign patients and the host
population relevant and essential, undermining the relevance of the present study

(Thggersen et al., 2018). A priori, we formulated following hypotheses:

- Hai: There is a significant association between side effect severity and patient

nationality.

- Ha2: There is a significant association between side effect severity and tumor entity.

- Has: There is a significant association between side effect severity and concomitant
therapy.

- Haa4: There is a significant association between foreign patients’ side effect severity
and BMI.

- Has: There is a significant association between side effect severity and age in the

Turkish cohort.

Our findings show that foreign patients are at higher risk for severe side effects,
suggesting that patients’ nationality needs to be considered when planning treatment
regimens for cancer patients to minimize unwanted side effects and improve their quality

of life.
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2. Materials and methods

2.1 Data collection

A total of 9,187 patients were documented in our university medical center records
between January 2017 and December 2021 having received radiotherapy. The nationality
of the patients was determined using the information stored on the electronic health card
(eHealth Card). The eHealth Card is read into ORBIS®, transferred into the radiology
information system MEDOS® (Version 8.42., MEDOS AG, Langenselbold, 2006) and
finally transferred into ARIA® (Version 15.1, Varian Medical Systems, Palo Alto, CA,
U.S.A). A description of the information systems follows in the course. Based on this
information, 8,651 patients had German nationality and 536 patients had non-German
(i.e., foreign) nationality. Two patients were incorrectly identified as German on their
eHealth Cards as evidenced by having addresses at the embassy of the United Arab
Emirates. After reclassifying these patients, 8,649 and 538 patients had German and
foreign nationality, respectively. A total of 289 foreign patients were excluded due to
having no diagnosis recorded in our medical records, 43 foreign patients were excluded
for receiving radiotherapy at other institutions, and 7 foreign patients were excluded

because their nationality was unclearly filed (Figure 1).

2.1.1 Hospital information systems

2.1.1.1 ARIA®

ARIA® has been developed by Varian Medical Systems (Version 15.1, Palo Alto, CA,
U.S.A, 2018) and is a unified information system for radiology and radiation therapy,

medical and surgical oncology. We used ARIA® to complement our data collection.

2.1.1.2 MEDOS®
MEDOS® (Radiologieinformationssystem (RIS) Version 8.42, MEDOS AG, Langensebold,
2006) is a radiology and hospital information system that enables data federation from

several separate departmental computers (MEDOS AG, 2010).



15

2.1.1.3 ORBIS®

We used ORBIS® (Krankenhausinformationssystem (KIS), Version 08043901.02000,
DEDALUS Healthcare Group AG, Bonn, 2022) to collect our data (ORBIS, 2022). It
represents the entirety of all data-processing units for organizing medical and
administrative data in the hospital. It integrates medicine, nursing, patient management

and accounting information.

2.2 Matched-pair analysis

Matched-pair analysis, adjusting for baseline differences, was conducted to match each
included foreign patient with a German patient at a 1:1 ratio based on the agreement of
the following relevant patient characteristics: age (+15 years), sex, and ICD-10 diagnosis
code (ICD-10-GM, International Classification of Disease) (WHO, 2021).

In ICD-10, neoplasms are categorized using four-digit codes according to the origin of the
tumor, allowing primarily topographic determination of neoplasms (Bundesinstitut fur
Arzneimittel und Medizinprodukte, 2022). The fourth digit describes an even more detailed
localization of the pathology as a respective subcategory. For our purposes, a match of
three of the four digits of the code was sufficient.

If all matching criteria besides ICD-10 code corresponded between patients, ICD-O-3
classification (International Classification of Diseases for Oncology) was used for
matching (WHO, 2019). The ICD-O-3 classification adds information about the
morphology of the neoplasia to the ICD-10, Chapter Il (Neoplasms) and consists of five
digits, with the first four indicating the histologic designation (Bundesinstitut fir
Arzneimittel und Medizinprodukte, 2019). This ICD-O-3 matching approach was used for
10 matched pairs (i.e., 20 patients). Out of these, eight matched pairs shared the same
ICD-0-3 code of M8070/3 [squamous cell carcinoma, not otherwise specified (NOS)]. Of
the 16 patients included in these eight matched pairs, 14 were assigned an ICD-10
subchapter code of C00-C14 (malignant neoplasms of lip, oral cavity, and pharynx), 1 was
assigned a subchapter code of C76 (malignant neoplasm of other and ill-defined sites;
localized cervically), and 1 was assigned a chapter code of C80 (malignant neoplasm
without specification of site; localized cervically). Regarding the remaining two ICD-O-3-
matched pairs, one pair had divergent ICD-10 codes of C18 and C21 (malignant neoplasm

of colon/anus and anal canal) but the same subchapter code (malignant neoplasm of
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digestive organs) and radiation site (rectum and pelvic lymphatic drainage area) as well
as corresponding ICD-0O-3 code M8140/3 (adenocarcinoma, NOS). In the other matched
pair, both patients presented with leukemia [lymphoid (C91) and myeloid (C92) leukemia,
respectively], corresponding to the ICD-O-3 code M9801/3 (acute leukemia, NOS). We
considered these discrepancies to be minor, so we proceeded with analysis.

A VBA program (Visual Basic for Applications, programming language for Excel, enables
automation workflows) was developed, which compared the data of one foreign patient
with the data of all German patients regarding sex, age and diagnosis. Possible matching
pairs were identified and matched using information stored in documentation tools and
information systems introduced above, i.e. ARIA®, MEDOS® and ORBIS®.

After excluding 21 foreign patients for whom no suitable matched German partner was
found, a total of 178 matched pairs were included in the analysis. Strategy of data

collection is depicted in Figure 1.
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All patients with
documented RT
n=9,187

Foreign patients German patients
n=538 n=8,649

No diagnosis
n=289

No RT inhouse
n=43

Unclear nationality
n=7

Matching criteria:
Age
Gender
ICD-10 code

No matching partner
n=21

Foreign patients German patients
n=178 n=178

Fig. 1 Strategy of data collection and matching process

Annotation. N = number of patients, RT = Radiotherapy, Age = Match in the range + 15
years, ICD-10 Code = Match of first three digits

Thus, the total cohort consisted of 356 patients. An overview of all collected parameters

is shown in Table 1. The parameters were collected from the electronic patient records,

described in the following.
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Table 1 Overview of collected parameters

Display of all information obtained on the descriptive level about the patients

Parameters

Demographic variables

Name, patient ID

Patient characteristics

Body mass index (BMI), smoking, alcohol, supportive therapy,

medication, Charlson Comorbidity Index (CCl), Karnofsky Index

(K1)

Therapy

Duration of radiotherapy (RT), concomitant therapy [RT alone,
RT with chemotherapy (CT), RT with immune/hormone therapy
(ImT/HT)], pre/post therapy administered [RT, CT, ImT, HT,
surgery, stem cell transplantation (ST), radionucleid therapy],
therapy goal (definitive, adjuvant, palliative, pre-ST), dose in
Gray (Gy), irradiation site, break RT, termination RT

Diagnosis

Date of first diagnosis, tumor entity, tumor status (primary,

secondary, relapse), and tumor grading

Others

Informed consent (alone/with relatives/with interpreter),
language of informed consent, treatment setting
(outpatient/inpatient), follow-up received, number of patient

rounds

Side effects

Number, and severity of side effects (Common Criteria of
Adverse Events, CTCAE v5.0)

2.3 Collected parameter
2.3.1 CTCAE

Internationally, the Common Criteria for Adverse Events (CTCAE, Version 5.0) of the

National Cancer Institute represent the standard tool for recording acute side effects

occurring up to 90 days after radiation. They are defined as “any unfavorable and

unintended sign, symptom, or disease temporally associated with the use of a medical

treatment or procedure” (U.S. Department of Health and Human Services, 2017). Early

side effects (<3 months after ending radiotherapy) experienced by patients were identified

by CTCAE terms grouped into 26 System Organ Classes (SOC) according to Medical




19

Dictionary for Regulatory Activities hierarchy (International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Human Use, 2022). Example SOC
included cardiac disorders, general disorders and administration site conditions, immune
system disorders, and nervous system disorders. In our data collection, 18 out of 26 SOC
could be recorded at least once (Table 4). The grading scale for side effect severity ranged
from 1 for asymptomatic or mild symptoms to 5 for death related to side effects. Not all
severity grades are appropriate for all side effects, therefore some side effects are listed
with fewer than five grades. In the present cohort, severity grades 4 or 5 did not occur.
Data on side effects was obtained via systematic search of patients’ medical records and
collection of clinically relevant entries in the oncology information system Varian ARIA®.
Those relevant entries include documentation of patient rounds, correspondence by email
or telephone, physician letters, final and follow-up reports. The interval between follow-up
appointments is defined for each entity in the national radio-oncology guidelines: The first
follow-up is scheduled up to 8 weeks after the end of the first radiation treatment. In the
following five years, it is supposed to take place at least four times. Follow-up
appointments can be delegated and conducted in close cooperation with the referring
physicians and an out-patient oncologist. These appointments can be carried out in
person or during Corona period by telephone. The patient's well-being, possible side
effects and treatment success data are collected and documented by a specialist and an
assistant physician. Side effects are classified according to CTCAE version 5 into four
severity categories by specialist or assistant physicians and are recorded in the

designated area of the oncology information system Varian ARIA®.

2.3.2 Charlson Comorbidity Index

Comorbidities were assessed using the Charlson Comorbidity Index (CCl), a method of
predicting mortality by classifying and balancing comorbid conditions and age of the
patient. The index has widely been utilized by health researchers to measure burden of
disease and case mix and has been validated for its ability to predict mortality in various
disease subgroups, including cancer, demonstrating its value as a prognostic indicator for
mortality (Quan et al., 2011). Scores were based on the number of comorbidities, each
given a weighted integer from 1 to 6 depending on its severity (Austin et al., 2015).

Comorbidities include any history of or present condition of Myocardial infarction,



20

Congestive heart failure, Peripheral vascular disease, Cerebrovascular disease,
Hemiplegia or paraplegia, Dementia, Chronic pulmonary disease, Rheumatologic
disease, Peptic ulcer disease, Diabetes with/without chronic complications, Renal
disease, Any malignancy, including leukemia and lymphoma, Metastatic solid tumor, Mild

liver disease, Moderate or severe liver disease and AIDS/HIV.

2.3.3 Karnofsky Index

The Karnofsky Index (KI) is a widely used method to assess the functional status of a
patient. For years, it has been an important tool in clinical practice. It describes a patient’s
functional status as a comprehensive 11-point scale correlating to percentage values
ranging from 100% (no evidence of disease, no symptoms) to 0% (death). In cancer
medicine, Kl holds a prevalent role being an excellent prognostic factor in a variety of

tumor entities (Péus et al., 2013).

2.3.4 Body Mass Index

A patient’s height and weight were recorded by means of Body mass index or BMI, a
statistical index providing an estimate of body fat in males and females of any age. It is
calculated by taking a person's weight, in kilograms, divided by their height, in meters
squared, or BMI = weight (in kg)/ height*2 (in m~2). The number generated from this
equation is then the individual's BMI number. BMI is known to be an individual risk factor
of survival. BMI categories were formed according to the guidelines of German Obesity
Society: category 1:<18.5 = underweight, category 2: 18.5 - 24.9 = normal weight,
category 3: >24.9 = overweight, category 4: >30 = obesity (Deutsche Adipositas-
Gesellschaft e.V., 2014).

2.4 Statistical Analysis

IBM SPSS® (Chicago, IL) for Mac (Version 28.0.1.1) was used for statistical analyses.
Collected data were documented in an Excel file (Microsoft® Excel for Mac, Version
16.63.1), structured, and imported into SPSS®.
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2.4.1 Statistical tests

Descriptive statistics and frequency tables were used to summarize patient
characteristics. Variables were stratified by nationality. Pearson’s Chi-square tests were
used to evaluate associations among nationality, other patient characteristics, and side
effect severity. Observed cases were compared to expected cases: The expected count
is generated by default, all categories have equal values, and presents the predicted
frequency for a cell under the assumption that the null hypothesis, stating there is no
association between the variables, is true. If > 20% of expected cell counts were less than
5, possibly causing erroneous results, Fisher's exact test for smaller contingency tables
(4*2) and Monte Carlo method for bigger tables (17*2) were additionally calculated for
clarification.

Following a significant Kolmogorov-Smirnov test (p < 0.01), a Mann-Whitney U test was
used to determine whether the number of side effects differed between German and
foreign patients. All tests were two-sided, with p < 0.05 indicating statistical significance.
Since there is no adjustment for multiple tests, p-values should be interpreted as

exploratory only.

2.5 Graphical representation
The programs Excel, PowerPoint (Microsoft® Office for Mac, Version 16.63.1), and SPSS
(Version 28.0.1.1. (14) for Mac; Chicago, IL) were used for graphical representation.

2.6 Literature search

In parallel, the literature search was conducted primarily on PubMed, a text-based meta-
database with references to medical articles, ScienceDirect, and Wiley Online Library.
Keywords of the search were migration, medical tourism, radiation toxicity, cancer

survival, cancer therapy, matched-pair analysis, adverse reaction.
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3. Results

3.1 Patient characteristics
Possible significant differences for all matching parameters age, gender and diagnosis
code between the two patient cohorts could be excluded using statistical tests (t-test, x?).

Both the German and foreign patient groups included 87 males and 91 females (Table 2).

Table 2 Patient characteristics

Results of statistical procedures used to test for differences between groups: Chi Square
Test, Mann-Whitney U Test, Independent Samples Median Test

Foreign German
(n=178) (n=178)
All patients (n = 356) Indepen
; dent
Chi- Mann- Sam p-
n % n % squ Whit ples value
are ney U Median
Test
Age (years)
<60 93 52.2 |98 55.1
260 85 |47.8 |80 |44.9 0.595 0.282
Mean 56.1 55.9 1568 0.873
6.5
Median 58.5 58.0 0.101 | 0.750
Range Min. =3, Min. =2,
Max. =89 Max. = 85
Gender
Male 87 48.9 |87 1489
Female 91 51.1 |91 51.1
Tumor status 0.801 0.444
Primary 66 371 |72 40.4
Secondary 89 50.0 |85 47.8
Relapse 23 129 |21 11.8
Concomitant therapy 0.856 0.774
RT 111 | 625 |105 |59.0

Table 2, continued on page 23
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Chemoradiotherapy | 55 30.9 |57 32.0
Immunotherapy 9 5.1 12 6.7
Hormone therapy 3 1.7 4 2.2
RT goal 0.834 0.866
Definitive 32 18.0 |38 21.3
Adjuvant 85 47.8 | 80 44.9
Palliative 58 32.6 |58 32.6
Pre- stem cell 3 1.7 2 1.1
transplantation
Treatment setting 1.071 0.585
Outpatient 112 | 629 |114 |64.0
Inpatient 66 37.1 |64 36.0
Treatment termination 1.544 0.214
No 167 |93.8 | 172 |96.6
Yes 11 6.2 6 3.4
Informed consent 55.34 <0.001
8
No information 34 19.1 |66 37.1
With relatives 100 |56.2 |108 |60.7
With relatives and 23 129 |0 0
interpreter
Without relatives 1 0.6 4 2.2
With interpreter 20 11.2 |0 0
Follow-up 6.813 0.078
Did not take place 57 32.0 |37 20.8
Took place in person | 73 41.0 |88 49.4
Took place via phone | 48 27.0 |52 29.2
Took place via mail 0 0.0 1 0.01

Annotation. P-value significance level <0.05

Mean age was 56.1 years (range, 2—-85 years) among German patients and 55.9 years

(range, 3-89 years) among foreign patients. A total of 138 patients (38.8%) had a primary

tumor, 174 (48.9%) had secondary manifestations (i.e., metastases), and 44 (12.4%) had

disease relapse. Most patients received radiotherapy alone (n = 216; 60.7%) or combined
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chemoradiotherapy (n = 112; 31.5%). The presence or absence of relatives and/ or
interpreters during informed consent differed between the groups: interpreters (alone or
with relatives) were only present with foreign patients (n = 43; German patients n = 0),
whereas German patients were more often accompanied solely by relatives (n = 108;

foreign patients n = 100) (Table 2).
3.2 Tumor entity

Across both patient groups, significantly more patients had solid tumors (n = 326; 91.5%)

than malignant hematologic diseases (n = 30; 8.5%) (p<.001) (Figure 2).
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Fig. 2 Frequencies of solid tumors and malignant hematological diseases among sample

Solid tumors were categorized in 14 superordinate groups: Brain tumor, Brain metastases,
Head and neck cancer, Bronchus and lung cancer, Breast cancer, Rectal and anal cancer,
Gynecological cancer, Prostate cancer, Urinary tract cancer, Bone metastases,

Melanoma, Secondary unspecified neoplasms of Lymph node, Cancer of unknown
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primary (CUP) and Others. Malignant hematological diseases were categorized into three

groups: Lymphoma, Leukemia and Multiple myeloma.

Brain tumors were the most common group of tumor entities (n = 68; 19.1%), followed by

breast carcinomas (n = 62; 17.4%) and head and neck tumors (n = 44; 12.4%).

Gynecological caner and urinary tract cancer formed the second smallest group of tumor

entities: Each group included 4 patients, respectively (1.1%). Cancer of unknown primary

(CUP) formed the smallest group (n = 2; 0.6%). Concerning malignant hematological

diseases, Lymphomas were the most common group tumor entity (n = 18; 5.1%) (Figure

3).
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Fig. 3 Frequencies of tumor entities by categorization into 17 superordinate groups

The 17 superordinate tumor groups comprised 43 different tumor entities. The following

table (Table 3) gives a more detailed overview of the frequencies and distribution of

entities according to ICD-10 classification and superordinate groups.
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Table 3 Frequencies of different tumor entities across both patient groups (n = 356)

Frequencies of different tumor entities calculated for both subgroups and total, stated in
relative and absolute quantity

Tumor entity n % of % of
subgroup | total
Brain tumors
C71 Malignant neoplasms of the brain 60 |88.2 16.8
D32 Benign neoplasm, meninges 4 5.9 1.1
unspecified
D33 Benign neoplasm of brain and other 4 5.9 1.1
parts central nervous system (CNS)
Total 68 |100.0 19.1
Brain metastases
C79.3 Secondary malignant neoplasm of 40 |100.0 11.2
brain and cerebral meninges
Total 40 |100.0 11.2
Head and neck tumors
CO01 Malignant neoplasm of base of tongue | 2 4.5 0.6
CO02 Malignant neoplasm of other and 3 6.8 0.9
unspecified parts of tongue
C03 Malignant neoplasm of gum 4 9.1 1.2
C04 Malignant neoplasm of floor of mouth 3 6.8 0.9
CO05 Malignant neoplasm of palate 1 2.3 0.3
CO06 Malignant neoplasm of other and 2 4.5 0.6
unspecified parts of mouth
C09 Malignant neoplasm of tonsil 6 13.6 1.7
C10 Malignant neoplasm of oropharynx 6 13.6 1.7
C11 Malignant neoplasm of nasopharynx 3 6.8 0.9
C13 Malignant neoplasm of hypopharynx 2 4.5 0.6
C15 Malignant neoplasm of esophagus 4 9.1 1.2
C32 Malignant neoplasm of larynx 6 13.6 1.7
C76.0 Malignant neoplasm of other and ill- 1 2.3 0.3
defined sites: head, face, neck
C80 Malignant neoplasm, without 1 2.3 0.3
specification of site
Total 44 1100.0 12.4

Table 3, continued on page 27
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Bronchial carcinomas

C34 Malignant neoplasm of bronchus and 16 | 88.9 4.5
lung
C78 Secondary malignant neoplasm of 2 11.1 0.6
respiratory and digestive organs
Total 18 |100.0 5.1
Breast carcinomas
C50 Malignant neoplasm of breast 62 |100.0 17.4
Total 62 |100.0 17.4
Colorectal and anal cancer
C18 Malignant neoplasm of colon 1 16.7 0.3
C20 Malignant neoplasm of rectum 4 66.7 1.2
C21 Malignant neoplasm of anus and anal 1 16.7 0.3
canal
Total 6 100.0 1.7
Gynecological cancer
C52 Malignant neoplasm of vagina 2 50.0 0.6
C53 Malignant neoplasm of cervix uteri 2 50.0 0.6
Total 4 100.0 1.1
Prostate cancer
C61 Malignant neoplasm of prostate 12 |100.0 3.4
Total 12 ]100.0 3.4
Urinary tract cancer
C64 Malignant neoplasm of kidney, except 2 50.0 0.6
renal pelvis
C67 Malignant neoplasm of bladder 2 50.0 0.6
Total 4 100.0 1.1
Bone metastases
C79.5 Secondary malignant neoplasm of 42 | 100.0 11.8
bone and bone marrow
Total 42 |100.0 11.8
Lymphomas
C81 Hodgkin lymphoma 6 33.3 1.7
C83 Non-follicular lymphoma 6 33.3 1.7
C84 Mature T/Natural Killer-cell ymphomas | 2 13.3 0.6
C85 Other and unspecified types of non- 4 22.2 1.2
Hodgkin lymphoma
Total 18 ]100.0 5.1

Table 3, continued on page 28
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Leukemia
C91 Lymphoid leukemia 5 83.3 1.4
C92 Myeloid leukemia 1 16.7 0.3
Total 6 100.0 1.7
Multiple myeloma
C90 Multiple myeloma and malignant 6 100.0 1.7
plasma cell neoplasms
Total 6 100.0 1.7
Melanomas
C43 Malignant melanoma of skin 4 50.0 1.1
C44 Other malignant neoplasms of skin 4 50.0 1.1
Total 8 100.0 2.2
Secondary, unspecified neoplasms of lymph node
C77 Secondary and unspecified malignant 10 | 100.0 2.8
neoplasm of lymph nodes
Total 10 ]100.0 2.8
Carcinoma of unknown primary
C80 Malignant neoplasm, without 2 100.0 0.6
specification of site
Total 2 100.0 0.6
Others
C37 Malignant neoplasm of thymus 2 33.3 0.6
D35 Benign neoplasm of other and 4 66.7 1.2
unspecified endocrine glands
Total 6 100 1.7
Total 356 100

Annotation. CNS = Central Nervous System, NK — cells = Natural killer cells

Regarding a more specified categorization of diagnoses, Malignant neoplasm of breast

(C50) formed the most common tumor entity (n = 62; 17.4%), followed by Malignant

neoplasms of the brain (C71) (n = 60; 16.8%) and Secondary malignant neoplasm of bone

and bone marrow (C79.5) (n = 42; 11.8%). Concerning Malignant hematological diseases,

Hodgkin lymphomas (C81), Non-follicular lymphomas (C83), and Multiple myeloma and

Malignant plasma cell neoplasms (C90) were equally frequently represented (n = 6; 1.7%,

respectively) (Table 3).
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3.3 Nationalities of foreign patients
Foreign patients had a total of 53 different nationalities, which were grouped into seven

superordinate regions (Figure 4).

B Eastern Europe,
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® Southern Europe/
Turkey, 30%

B North and South
America, 2%
B Africa, 6%

B Asia, 3%

B Northern/ Western/
Central Europe,
10%
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Fig. 4 Frequencies of origin of foreign patients by superordinate geographic region

Patients originated from 53 different nationalities (Table 4), classified into seven
superordinate regions

Most patients were Eastern European (n = 53), Southern European/Turkish (n = 53), or
Middle Eastern (n = 34). North and South America formed the smallest group (n = 3).
Table 4 gives a more detailed overview of the frequencies of 53 represented nationalities
in the sample. Regarding those specific countries of origin, foreign patients were most
frequently from Turkey (n = 28; 15.7%), Russia (n = 13; 7.3%), Italy (n = 12; 6.7%), or
Saudi Arabia (n = 10; 2.8%).
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Table 4 Distribution of foreign patients’ nationalities

Frequencies of nationality, calculated for both subgroups and total, stated in relative and
absolute quantity

n % of % of
subpopulation | total
Eastern Europe
Russian 13 24.5 7.3
Hungarian 6 11.3 3.4
Romanian 6 11.3 3.4
Polish 5 9.4 2.8
Bulgarian 4 7.5 2.2
Bosnian 3 57 1.7
Georgien 3 5.7 1.7
Ukrainian 3 5.7 1.7
Serbian 2 3.8 1.1
Belarusian 1 1.9 0.6
Czech 1 1.9 0.6
Kazakh 1 1.9 0.6
Kosovo 1 1.9 0.6
Macedonian 1 1.9 0.6
Moldavian 1 1.9 0.6
Slovenien 1 1.9 0.6
Yugoslavian 1 1.9 0.6
Total 53 100.0 29.8
Southern Europe/Turkey
Turkish 28 52.8 15.7
Italian 12 22.6 6.7
Armenian 3 5.7 1.7
Portuguese 2 3.8 1.1
Greek 4 4.5 2.2
Spanish 4 4.5 2.2
Total 53 100.0 29.8
Middle East
Saudi-Arabian 10 29.4 5.6
Syrian 8 23.5 4.5
United Arab Emirates 8 23.5 4.5
Iranian 3 8.8 1.7
Iraqi 3 8.8 1.7
Afghan 1 2.9 0.6
Kuwait 1 2.9 0.6
Total 34 100.0 19.1

Table 4, continued on page 31
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North, Western, and Central Europe
French 5 26.3 2.8
Belgian 3 15.8 1.7
Dutch 3 15.8 1.7
British 2 10.5 1.1
Danish 1 5.3 0.6
Finnish 1 5.3 0.6
Lettland 1 5.3 0.6
Luxembourg 1 5.3 0.6
Swedish 1 5.3 0.6
Swiss 1 5.3 0.6
Total 19 100.0 10.7
Africa
Lybian 3 27.3 1.7
Moroccan 2 18.2 1.1
Congolese 1 9.1 0.6
Namibian 1 9.1 0.6
Somalian 2 18.2 1.1
Togo 1 9.1 0.6
Tunesian 1 9.1 0.6
Total 11 100.0 6.2
North and South America
American 2 66.7 1.1
Canadian 1 33.3 0.6
Total 3 100.0 1.7
Asia
Filipino 2 40.0 1.1
Thai 2 40.0 1.1
Pakistani 1 20.0 0.6
Total 5 100.0 2.8
Total 178 100.0

3.4 Frequency and severity of side effects

For an overview of frequencies of side effects displayed by patients in the sample, i.e.
CTCAE terms and corresponding SOC see Table 5. Side effects are listed independent
of diagnosis (i.e. administration site) and severity of symptom. “General disorders or
administration site condition” describes the class of side effects, which were experienced

most common by patients (n = 433). In this class, as well as overall, “Pain (at
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administration site)” was the most frequent side effect patients reported (n = 169). “Skin
and subcutaneous tissue disorders” were displayed second most common (n = 356), in
particular “Erythema multiforme” was reported most frequent in this class (n = 133) (U.S.

Department of Health and Human Services 2017).

Table 5 Frequencies of side effects displayed by patients

Side effect classification independent of severity and diagnosis of patient, categorized
into System Organ Class (SOC)

CTCAE System Organ Class | CTCAE Term n total

(SO0

General disorders or administration site conditions 433
Pain 169
Fatigue 162
Localized Edema 68
Flu like symptoms 15
Fever 9
Chills 6
Gait disturbance 4

Skin and subcutaneous tissue disorders 356
Erythema multiforme 133
Skin hyperpigmentation 70
Alopecia (£ 2) 57
Rash Maculo Papular: Pruritus, Burning 50
Skin induration 19
Dry skin 18
Hyperhidrosis 2
Skin ulceration 2
Telangiectasia 2
Wound dehiscence 2
Bullous dermatitis 1

Gastrointestinal disorders 302
Nausea 82
Dysphagia 61
Mucositis oral 48
Dry mouth 27
Vomitting 21
Diarrhea 20

Table 5, continued on page 33



33

Obstipation 15
Stomach pain 15
Flatulence 10
Esophagitis 2
Colitis 1
Nervous system disorders 97
Dysgeusia (< 2) 28
Dysesthesia 26
Headache 17
Muscle weakness left-sided 7
Concentration impairment 6
Seizures 3
Anosmia 2
Aphonia (= 3) 2
Other, specify 2
Dysarthria 1
Muscle weakness right-sided 1
Neuralgia 1
Peripheral sensory neuropathy 1
Respiratory, thoracic and mediastinal disorders 94
Oropharyngeal pain 33
Dyspnea 21
Cough 16
Hoarseness I
Sore throat 7
Penumonitis 6
Epistaxis 3
Wheezing 1
Psychiatric disorders 86
Anxiety 47
Insomnia 18
Depression 15
Confusion 4
Psychosis 2
Injury, poisoning and procedural complications 54
Dermatitis radiation 54
Ear and labyrinth disorders 41
Vertigo 30
Hearing impaired 6
Ear pain 3

Table 5, continued on page 34
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Tinnitus 2
Investigations 40
Weight loss 36
Creatinine increased 2
Weight gain 1
Other, specify 1
Musculoskeletal and connective tissue disorders 30
Joint range of motion decreased 13
Muscle weakness lower limp 5
Myalgia 4
Back pain 3
Muscle cramp 3
Athralgia 1
Osteoporosis 1
Renal and urinary disorders 28
Urinary frequency (incl. Nycturia) 11
Dysuria (= 1) 9
Urinary incontinence 5
Urinary tract obstruction 2
Urinary retention 1
Infections and infestations 27
Other, specify 11
Urinary tract infection (> 2) 11
Bronchial infection 2
Conjunctivitis 2
Enterocolitis infectious 1
Blood and lymphatic system disorders 20
Anemia 12
Other, specify 7
Bone marrow hypocellular 1
Eye disorder 13
Vision decreased 8
Blurred Vision 2
Other - Specify 2
Photophobia 1
Cardiac disorder 7
Palpitations 3
Atrial fibrillation 2

Table 5, continued on page 35




35

Sinus bradycardia 1
Ventricular arrythmia 1
Metabolism and nutrition disorders 5
Hypokalemia 4
Hyponatremia 1
Vascular disoders 5
Hypotension 4
Hypertension 1
Reproductive system and breast disorders 3
Erectile dysfunction (&) 2
Ejaculation disorder 1

German patients experienced a total of 776 side effects, whereas foreign patients

experienced a total of 865 side effects (Table 6).

Patients were categorized into mild-to-moderate or severe side effect groups based on

the maximum severity of all side effects experienced. The mild-to-moderate group had a

maximum severity of O or 1 for at least one side effect, whereas the severe group had a

maximum severity of 2 or 3 for at least one side effect. Less than half of German patients

(n =75, 41.2%) and more than half of foreign patients (n = 98, 55.1%) were categorized

into the severe side effect group. After calculating weighted score sums (i.e., mean

severity across all indicated side effects), German and foreign patients had mean severity

scores of 1.18 and 1.25, respectively.

Table 6 Frequencies of side effects among German and foreign patients

Frequencies of side effects independent of severity and diagnosis of patient

Severity German patients (n =178) | Foreign patients (n = 178)
1 650 683

2 111 150

3 15 32

Total 776 865
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3.5 Results of Chi-square tests of independence

3.5.1 Haz: Side effect severity and patient nationality

Side effect severity was significantly associated with patient nationality [x?(1) = 5.949; p <
0.05; ¢ = 0.129] (Figure 5). More foreign patients experienced severe side effects than
expected (98 vs. 86.5), whereas German patients experienced mild-to-moderate side
effects more frequently than expected (103 vs. 91.5). However, there was no significant
difference in the number of side effects experienced by German and foreign patients (U =
14609.50; Z = -1.277; p = 0.202).
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Fig. 5 Expected and observed severity of side effects stratified by nationality

Graphical representation of results of Chi-square (x2) tests of independence

3.5.2 Ha2: Side effect severity and tumor entity

For both groups, German and foreign patients, side effect severity was also significantly
associated with tumor entity [x?(16) = 66.964; p < 0.01; ¢ = 0.434]. Regarding tumor entity,
more patients with head and neck tumors, regardless of nationality, experienced severe
side effects than expected (42 vs. 21.4), whereas less patients with head and neck tumors

experienced mild-to-moderate side effects than expected (2 vs. 22.6). The opposite was
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true for patients with bone metastases: In this group, more patients experienced mild-to-
moderate side effects than expected (27 vs. 21.6) and less patients than expected showed
severe side effects (15 vs. 20.4) (Figure 6). In this analysis, 17 out of 34 cells had a
frequency of <5 cases, which potentially causes erroneous results. Therefore,
implementation of Fisher's exact test is recommended. However, this test is only
applicable for small contingency tables. For contingency tables of the present size (17*2),
the Monte Carlo method leads to more precise probability estimates. Here, by repeated
(e.g. 10000-fold) sampling, the test distribution under the null hypothesis is estimated by
the resulting empirical distribution. The Monte Carlo method is indicated when exact tests
cannot be calculated for capacity reasons, but the requirements of an approximate method
are not fulfilled (e.g. due to weakly populated rows/columns), like in the present case
(Mehta Cyrus and Patel Nitin, 2013). Results of this test did not differ from original results
(p<0.001).

45
40
35
30
25

20 m Observed
Expected

Number of patients

15

10

(&)]

0 [
Mild-to-moderate Severe Mild-to-moderate Severe
Head and neck Bone metastases

Tumor entity

Fig. 6 Expected and observed severity of side effects stratified by tumor entity

Graphical representation of results of Chi-square (x2) tests of independence
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3.5.3 Has: Side effect severity and concomitant therapy

In addition, regardless of nationality, severity of side effects was significantly associated
with concomitant therapy, [x?(3) = 15.469; p < 0.01; @ = 0.208]. More patients receiving
combined chemoradiotherapy experienced severe side effects than expected (70 vs.
54.4). Patients receiving no concomitant therapy next to radiation therapy experienced
more mild-to-moderate (129 vs. 111) and less severe side effects (87 vs. 105) than
expected (Figure 7). The number of patients receiving Immunotherapy or Hormone
therapy concomitant to radiation therapy (n = 21; n = 7, respectively) was vanishingly
small, therefore, interpretation of the results for those subgroups most likely expresses

small external validity.
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Fig. 7 Expected and observed severity of side effects stratified by concomitant therapy
Graphical representation of results of Chi-square (x2) tests of independence
To verify results, as 2 out of 8 cells had a frequency of <5 cases, possibly causing

erroneous results again, Fisher's exact test was calculated. If > 20% of expected cell

counts are less than 5 and for contingency tables of this size, i.e. 4*2, Fisher’s exact test
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represents the analysis of choice. In accordance with former results, it resulted in

significance (p<.001).

3.5.4 Haa: Foreign patients’ side effect severity and BMI

Among foreign patients, side effect severity was additionally significantly associated with
body mass index (BMI) [x3(3) = 7.917; p < 0. 05; ¢ = 0.211]. More patients with a BMI
category of 3 or 4 experienced severe side effects than expected (BMI 3 = 37 vs. 29.7,
BMI 4 = 15 vs. 13.8), whereas more patients with a BMI category of 1 or 2 experienced
mild-to-moderate side effects than expected (BMI 1 = 9 vs. 6.3; BMI 2 = 44 vs. 38.2)
(Figure 8).

There were no associations between side effect severity and Kl, CCl, smoking, or alcohol

consumption.
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Fig. 8 Expected and observed severity of side effects stratified by Body mass index
category (BMI) for foreign patients.

Graphical representation of results of Chi-square (x2) tests of independence.
BMI 1:<18.5 = underweight, BMI 2: 18.5 - 24.9 = normal weight, BMI 3. >24.9 =
overweight, BMI 4: >30 = obesity
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3.5.5 Has: Side effect severity and age in the Turkish cohort

Finally, among Turkish patients (n = 28), side effect severity was significantly associated
with age (<60 vs. 260 years) [x?(1) = 7.337; p < 0.01; ¢ = 0.512]. Patients older than 60
years suffered from more severe side effects than expected (12 vs. 8.5). Younger patients
(<60 years) experienced mild-to-moderate side effects more often than expected (9 vs.
5.5) (Figure 9).
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Fig. 9 Expected and observed values for Turkish cohort, stratified by <60 and =60 years
of age.

Graphical representation of results of Chi-square (x2) tests of independence

Similar associations were not observed within other regional or country patient subgroups.
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4. Discussion

4.1 Summary of results

We investigated whether German and foreign cancer patients differed in the quantity and
severity of early side effects experienced following radiotherapy. Although we found no
difference in the number of side effects, we found that foreign patients were more likely to
experience severe side effects than German patients. Side effect severity was also
associated with tumor entity and concomitant therapy, with patients who had head and
neck tumors or received combined chemoradiotherapy being more likely to experience
severe side effects. Among foreign patients, a higher BMI was associated with a greater
risk of severe side effects. Kl, CCI, smoking, or alcohol consumption did not show to be
associated with severity of side effect. Furthermore, among Turkish patients, older
patients (=60 years) were more likely to experience severe side effects than younger

patients (<60 years).

4.2 Empirical context

Previous studies suggest that multiple factors are associated with poorer therapeutic
outcomes among foreign patients than among national patients. For instance, foreign
people struggle with structural access barriers to health services such as fees, waiting
times or travel distances. Those barriers could be partially addressed by providing
newcomers with easy-to-understand information on the availability and accessibility of
healthcare services available in Germany or developing healthcare apps that promote
adherence to therapy and allow the identification of new or worsening side effects
(Academy of Medical Sciences, 2007; Klein and von dem Knesebeck, 2018; Starker et
al., 2021).

A major factor of cultural competence in health care service includes dealing with
language barriers. Those language barriers represent a problem that undermines the
accessibility and quality of healthcare services provided to foreign patients and are
associated with limited access to health information and patient education, thereby
exaggerating social inequities in knowledge regarding health issues (Mosdgl et al., 2018;

Rechel et al.,, 2013). Encouraging patient involvement in treatment choices, which
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enhances compliance, requires providing patients with useful information about therapy
options and their risks of side effects (Sonis, 2015). In our study, all foreign patients
received a German version of a patient education brochure titled “Thieme Compliance for
Radiotherapy”; however, only 43 of 178 foreign patients (24.2%) had a personal
interpreter with or without relatives present during discussions with a healthcare provider
about treatment plans. To address this problem, patient education should be provided in
the patient’s native language or healthcare providers should make use of pictures and
diagrams to facilitate understanding (Rechel et al., 2013). Also, trained interpreters
provided by the healthcare institution should be used to ensure adequate communication
and clarification of questions and uncertainties (Thornton et al., 2009). Even though
doctors or personnel possess a high language proficiency, trained interpreters may offer
additional emotional benefit beyond their interpretation services, having a favorable effect

on the patient’s condition (Schmerler, 2018).

In line with previous findings that foreign patients have inherently poorer health behaviors
and inaccurate perceptions about the impact of health behaviors (Liu et al., 2019), we
found an association between BMI and side effect severity among foreign patients. This
result suggests that targeted outreach to foreign patients could be used to provide
education on healthy nutrition and the benefits of moderate exercise, which may be
particularly effective when performed by “ethnic health educators” in patients’ native

languages (Singels, 2009).

Earlier studies illustrated less willingness among foreign patients to participate in
screening and prevention programs and poorer compliance with follow-up examinations
(Brzoska and Abdul-Rida, 2016; Klein and von dem Knesebeck, 2018). For example,
foreign patients have been shown to have lower attendance rates to both cervical and
mammography screening and, possibly as a result of this, non-western patients had
higher risk of being diagnosed with a more advanced stage of breast cancer (Bhargava et
al., 2018; Leinonen et al., 2017). In this situation, delayed diagnosis and subsequent poor
prognosis are of great concern. Consistently, we also found that foreign patients had a
higher rate of treatment termination and lower rate of attendance at follow-up

appointments compared to German patients, although these differences were not
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statistically significant (Table 2). In this context, the importance of follow-up appointments
needs to be stressed: Its primary goal is to detect tumor relapses at an early stage and
initiate treatment as early as possible. Second, it aims at detecting therapy-associated
secondary diseases at an earliest possible date, both based on the assumption that early
detection, compared with late diagnosis, preferably in the asymptomatic stage, leads to
improved outcomes (Szturz et al., 2020). Another goal of follow-up appointments is to
maintain or sustainably improve the quality of life of tumor patients. This includes, in
particular, addressing the psychosocial components associated with cancer together with
colleagues in psychooncology. Practical help and a supportive network can be provided
by self-help groups in the respective language (Szturz et al., 2020). Therefore, ensuring
patients attendance at follow-up appointments is essential.

To improve patients’ attendance at follow-up appointments as well as participation in their
own healthcare, active, patient-centered follow-up programs should be established to
improve therapeutic outcomes and allow better evaluation of the effectiveness and safety

of radiotherapy at the population level (Andreyev, 2007; De Ruysscher et al., 2019).

4.3 Health economics

Acting upon these findings is important not only for improving clinical care and patient
outcomes but also for the field of health economics, which plays an increasing role in
healthcare decision-making (Sonis, 2015). The economic burden of acute toxicities
associated with cancer treatment has long been recognized (Carlotto et al., 2013), with
mounting direct costs of managing side effects such as medication, hospitalization, and
use of physiotherapists or psycho-oncologists. Furthermore, as side effects carry the risk
of eventually becoming chronic, thereby prolonging rehabilitation and incapacity for work
(Diz Dios and Diniz Freitas, 2020; Schmielau et al., 2017), indirect costs such as loss of
opportunity, work time, and productivity and increased need for caregiver support add to
the already heavy economic burden on society. Therefore, preventing side effects of
radiotherapy is economically advantageous to treating side effects after they occur
(Carlotto et al., 2013). By identifying patients in which severe side effects are most likely
to occur, unwanted outcomes of cancer therapy can be prevented, leading to better
symptom control and quality of life (De Ruysscher et al., 2019).
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4.4. Cultural and religious aspects

Besides economic aspects, cultural and religious peculiarities should be included in the
therapy guidance: Such peculiarities can be the separation into male and female spheres
or the restriction of certain auxiliary substances or drugs (blood products or narcotics).
Due to large individual, regional, cultural and confessional differences in Germany, no
systematic catalogue of guidance can be established (Fischer et al., 2019). However,
knowledge of such differences, sensitive handling of the cultural-religious particularities of
patients and relatives by the medical and nursing staff and cooperation with hospital
pastors can strengthen the relationship of trust between doctor and patient and thus

improve the conditions for successful oncological therapy (Fischer et al., 2019).

4.5 Tumor entity

In addition to patient nationality, an association between tumor entity and side effect
severity was found, such that patients with head and neck cancer were more likely to
experience severe side effects. These patients are especially prone to developing side
effects given that they are at high risk for malnutrition due to their cancer site, disease
process, and intensified treatment approach. Severe mucositis, a common side effect on
those sites of irritation associated with head and neck cancers, is accompanied by feeding
difficulties compounded by cancer cachexia, impairs healing, and response to stress,
affecting general condition leading to more severe experience of side effects. Detrimental
lifestyle factors associated with the development of head and neck cancers, such as
alcohol misuse, also increase patients’ risk for severe side effects (Talwar et al., 2016).
Therefore, the prevention and treatment of side effects in patients with head and neck
cancers remains a challenge (Nigro et al., 2017). Nursing interventions and patient
education play an essential role in reducing the side effects of radiotherapy in head and
neck cancers (Majeed and Gupta, 2021). Those include administration of oral hygiene as
well as dietary modifications instructions for all patients receiving head and neck
irradiation. In addition, consultation with a dentist and treatment of periodontal disease
before radiotherapy minimizes the risk of side effects in this area. Use of bland rinses,
cryotherapy, mucosal protective agents, antiseptic mouthwashes, topical analgesics, and
anti-inflammatory agents or growth factors as necessary may also contribute to the

alleviation of symptoms. Literature states, regular assessment and monitoring of high-risk
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patients may reduce long-term sequela in these patients and improve the overall quality
of life (Majeed and Gupta, 2021). A necessary step for both administration of preventive
and curative measures as well as benefitting of its effect is ensuring of patient education
in appropriate communication, with the consideration of mother tongue and level of

education of foreign patients.

However, as our subgroup analysis included only 44 patients, further evaluation of the risk
of early side effects among head and neck cancer patients requires studies with larger
sample sizes and more detailed analyses of different types of side effects and potentially

predictive characteristics.

4.6 Concomitant therapy

Even though sequential plus concurrent chemoradiotherapy improves survival compared
with chemotherapy alone, it is known to increase some serious acute toxicity
(Chemoradiotherapy for Cervical Cancer Meta-analysis Collaboration, 2010; Nieder et al.,
2020; Strgm et al., 2013). Consistent with this, in the present study, patients receiving
combined chemoradiotherapy developed more severe side effects as expected in contrast
to patients receiving neoadjuvant chemotherapy or radiotherapy alone. Two reasons for
these findings must be considered: concurrent chemotherapy increases tissue sensitivity
to radiation damage, and the total radiation dose to nearby organs is higher, as the effect
of neoadjuvant chemotherapy, to minimize the primary tumor, remains off (Yao et al.,
2017). In one study, unrevealing a severe effect of acute toxicity whilst receiving
concurrent chemoradiotherapy, the majority of patients received platinum-containing
regimens (Nieder et al., 2020). Future studies should investigate differences in profile of
side effects following neo- or adjuvant chemotherapy, chemoradiotherapy, or radiotherapy
alone depending on the administered regimens (especially platinum-containing vs.

platinum-free regimen).

4.7 Further parameters
In our study, no effect of KI, CCI, smoking, or alcohol consumption on severity of side
effects was found. Those findings are not consistent with previous empirical evidence. For

example, studies have found an effect of performance status and comorbidities on therapy
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outcome and side effects: According to the current literature, lower performance status
was identified as a significant predictor of tube feeding or hospitalization during
radiotherapy as well as poorer tolerance in general to radiotherapy (Sommat et al., 2018;
Sze et al., 2012). Patients with higher score on the comorbidity index are at a higher risk
to develop side effects of radiotherapy and comorbidity was found to be associated with
a decrease in overall survival (Correa et al., 2020; Lemanska et al., 2017). Regarding the
association between the factor smoking and radiotherapy outcome, a narrative review
reports that numerous of the analyzed studies demonstrated a detrimental effect of
smoking on overall survival, tumor control, quality of life, treatment toxicity, and the
incidence of second primary malignancies (Perdyan and Jassem, 2022). They argue,
tobacco smoking may probably be the strongest modifiable factor affecting the outcome
of cancer treatment.

In contrast to present results, some studies report an association between alcohol
consumption and side effects of radiotherapy, yet, results are inconsistent.

Whereas some studies found a radioprotective effect of moderate or occasional alcohol
consumption on occurrence of severe acute side effects radiotherapy (Morganti et al.,
2009) other studies state an opposing effect: It is suggested that alcohol may modify the
risk of radiotherapy-associated second primary cancer (SPC) occurrence and total
mortality (DiMarzio et al., 2018). Alcohol consumption (next to smoking) is a known risk
factor for several types of cancer and mortality, and, in combination with radiotherapy, it
is thought to further increase these risks (DiMarzio et al., 2018). In line with this, Frowen
et al. (2010) found ex-heavy alcohol consumption was associated with worse therapy

outcome after radiotherapy in head and neck cancers (here, swallowing).

There may be several reasons why no effect for those parameters was found in our
investigation. Due to the observational and retrospective nature of our study, some
potentially relevant data might have been missed. Performance status and comorbidities
need to be assessed and translated into standardized scales in a consistent fashion by
clinicians. In our study, the self-reported smoking status was not validated biochemically.
Additionally, the number of patients who quit or continued smoking during treatment, as
well as quantitative tobacco exposure (PY), was not recorded. Concerning alcohol

consumption, data was not well quantified, either. No uniform survey material was
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available, therefore, if no information on alcohol consumption was on the record, cases
were recorded as “no alcohol consumption”. Those factors might have distorted results

and should be subject of future studies.

4.8 Generation effect

Given that Germany is home to ~ 4 million people with Turkish roots, subgroup analysis
of Turkish nationality is of particular importance. Among patients from Turkey, a
generation effect was found such that older patients (=60 years), many of whom may have
been first-generation foreigners who migrated to Germany in the 1960s, were more likely
to experience severe side effects than younger patients (<60 years). Consistent with our
findings, previous studies report differences in treatment outcomes and side effects within
migrant populations depending on whether they are first-generation migrants who
immigrated to the host country themselves or second-generation migrants who were born
in the host country (Starker et al., 2021). However, other studies found no effect of migrant
status on health (Wengler, 2011). These discrepant findings may be due to the existence
of confounding factors, such as socioeconomic status and education, environmental
exposure, language skills, social status, lifestyle, work status, and participation in society,
which greatly impact overall health and therapeutic outcomes, including side effects
(Weber and Hormann, 2011). Other studies stress a limited effect for environmental
exposures, but emphasize the factor of age at immigration, regardless of migration status,
to be associated with the risk trend of cancer: In a cross-national study, Spallek et al.
(2009) found that cancer of the respiratory organs is diagnosed less frequently in Turkish
men in older birth cohorts, whereas it is more frequent in younger birth. At a structural
level, one reason might be, that the healthcare system might provide better services for

immigrant groups that has been present for a long period.

Importantly, our finding that foreign patients were more likely to experience severe side
effects than German patients was no longer observed when restricting the analysis to
patients <60 years of age [x?(1) = 2.687; p = 0.101; ¢ = 0.119]. This finding is in line with
studies demonstrating an unchanged trend of breast cancer among those who immigrated
at younger ages and an increasing trend for those who migrated at older ages (Mousavi
etal., 2012).
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One reason for these findings could be that first-generation immigrants are less informed
about the German healthcare system and less fluent in the German language compared
with second-generation immigrants, thus leading to less active participation in the
healthcare system (Glaesmer et al., 2011). It definitely underlines the need to focus on

preventing side effects among first-generation immigrants receiving radiotherapy.

4.9. Role of genetics and genomics in radiotherapy toxicity

One factor we were unable to investigate due to the retrospective nature of the study is
the impact of genetic variation of patients on side effects of radiotherapy. There is
substantial literature implicating patient genetic variations to be an influencing factor in the
large patient-to-patient variability in peritumoral tissue reactions after radiotherapy (e.g.
Andreassen et al., 2016a, Deichaite et al., 2022, Schack et al., 2022). This scientific field
called radiogenomics is growing and aims to identify genetic markers that help to
recognize patients at risk of developing radiation-induced adverse effects (Aguado-
Barrera et al., 2023, Brothwell et al., 2019, Kerns et al., 2014). Empiricism estimates a
contribution of patients’ heritability on radiosensitivity generally in the range of 60—-80%
(Andreassen et al., 2016b). Whereas targeted systemic therapies and immunotherapy are
routinely guided by molecular markers, radiotherapy to date is applied based on
clinicopathologic features (Earland et al., 2023). Several radiogenomic studies have
already demonstrated the potential of molecular biomarkers in form of single nucleotid
variations’ (SNV) to predict radiosensitivity, radioresistance and treatment-associated
toxicities in genome-wide association studies (GWAS) (e.g. Deichaite et al., 2022, Kerns
et al.,, 2020, Naderi et al., 2022). More specific, Schack et al. (2022) conducted an
exploratory GWAS in European cohorts of head and neck cancer patients and identified
a risk locus for mucositis. Naderi et al. (2023) performed a larger scaled GWAS meta-
analysis using 19 cohorts totaling 12042 patients and identified common susceptibility
SNVs for radiation induced toxicities across and within individual cancer sites, such as the
association of the gene set natural Killer cell lectin-like receptor binding to radiation-
induced toxicity in breast cancer patients.

Applying these findings to the present results, the study of SNVs of german and foreign
patients in form of a GWAS could have explained additional variance in severity of side

effects after radiotherapy. The revealed differences in the expression of adverse effects
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after RT could partly be due to a common SNV-based heritability of certain national groups
predisposing to increased radiosensitivity, and are not explained by nationality itself.
Future meta—GWAS among large radiation therapy patient cohorts, carefully clinical
designed, that have statistical power to identify new genes associated with toxicity and

validate previous findings are needed (Naderi et al., 2023).

4.10 Strengths

Our work contributes to efforts to prevent disease and negative health outcomes among
patients who are at higher risk due to personal characteristics, which has generated global
policy interest (Dzau et al., 2015). In general, we are confident to rate the present study
as robust against selection and information bias. Usually, unmeasured confounding is of
particular concern in such studies. In contrast to other studies on this topic, the present
study obtained and analyzed a large number of potentially confounding variables, such as

performance status, comorbidity, alcohol use, smoking, and BMI.

4.11 Limitations

Despite these strengths, however, our study also has several limitations. Due to the
retrospective nature of our study, causal relationships cannot be determined. In addition,
two major confounders have to be faced: We were not able to define baseline overall
health at time of radiotherapy and the matching process did not take tumor grading into
consideration.

All aspects could not be assessed retrospectively but may have a crucial influence on the
differences in outcome of radiotherapy related side effect of German national and foreign
national patients and thus gives the misleading impression that being a foreign national is
a major risk factor in itself.

Also, the number of patients in the present sample (n = 356) is not overly large, especially
with regard to even smaller subgroups of nations: Analyses included 17 groups of patients
with different tumor entities, some groups being quite small, leading to heterogeneity in
the data and limiting statistical power. The biggest group with the only absolute higher
number formed by Turkish patients, did show modest but statistically significant findings
of increased severity of side effects, which might therefore be misleading, misguiding

over-simplification. Furthermore, the number of comparisons conducted makes it likely
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that some of the observed differences are due to random error. As such, studies with
larger sample sizes are warranted. The statistical error of multiple testing should be
mentioned in this context: The more statistical tests are performed for related results, the
greater the risk that some of the significant results are significant by chance, resulting in
type | errors. This means that one or more results in our study may have turned out to be
significant at the p-level, not because they are truly significant in the population, but due
to chance. To correct for this error, future studies can apply the Bonferroni or Hochberg
correction (Andrade, 2019).

As emphasized at the outset, the population in Germany is heterogenous and dynamic:
Future foreign patients treated in Germany will be different from patients that arrived in
the past receiving treatment ibid. Therefore, it is of particular importance to carefully
consider the generalizability of the results in this study.

In our study, a possible bias with regard to underestimation of side effects is represented
by the fact, that foreign patients showed lower rate of attendance at follow-up. Potentially,
side effects were failed to be reported by foreign patients.

A further limitation of our study is how patient nationality was determined. We categorized
patients based on information stored on their eHealth Cards and grouped all patients with
foreign passports into a single category. Due to the retrospective nature of the study, we
did not have information about whether patients were economic migrants, students, return
migrants, refugees, retirement migrants, or medical tourists, the latter of which show large
variations in tacit knowledge about medical treatment and healthcare systems (Ormond,
2016). However, the status of patients may be associated with therapy outcome: e.g.,
medical tourists bear different consequences and risks compared to foreigners living in
Germany; of insufficient verified services, to the improbability of pursuing treatment and
supervision after return (Badulescu and Badulescu, 2014). We also could not determine
whether migrants were born and raised in Germany, as second- and third-generation
foreigners often do not have German citizenship owing to various reasons (Fick, 2016). In
addition, we did not assess foreign patients’ language skills, length of stay in Germany, or
legal status, which are, as mentioned above, associated with use of preventative care and
healthcare services as well as overall health (Acevedo-Garcia et al., 2010; Dias et al.,
2008; Lebrun, 2012; Starker et al., 2021). Therefore, more detailed assessment of

patients’ migration background would enable future research to consider the extensive
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diversity in socioeconomic, political, and legal statuses of people pursuing and receiving
medical treatment abroad (Ormond, 2014, Starker et al., 2021).

Finally, we faced a known challenge for radiotoxicity studies, namely to obtain good quality
toxicity data, that is, complete, longitudinal, including pre-treatment, and comprehensive
along with other data on possible influencing risk factors (West and Barnett, 2011). The
entire data in the present cohort was collected from the patients’ file, generated by treating
physicians. The quality of the data depends on the accuracy of the documentation, which
may be incorrect or incomplete, and could not be controlled for. Especially information on
side effects was collected in a subjective manner by clinicians or generated by the
researchers based on information contained in medical center records. This approach is
prone to error and can underestimate the incidence and severity of symptomatic side
effects, thus reducing sensitivity and specificity (Fromme et al., 2004).

The information may be incomplete as there was no targeted survey of side effects and
no standardized follow-up procedure has been established. Therefore, employing a
standardized follow up procedure including a patient-centered survey of side effects, such
as the Patient-Reported Outcomes Version of the CTCAE, may provide a more accurate
picture of patients’ experiences of side effects as well as subjective burden and health-
related quality of life (Fromme et al., 2004, Greimel et al., 2011) and thereby enable better

prediction of unfavorable clinical events (Basch et al., 2009).

Taking all those considerations into account, the results of the present study may have
questionable clinical significance. Even though side effects are statistically significant
more severe in foreign nationals, the absolute differences are quite modest. Further
research investigating factors predicting the occurrence of radiotherapy side effects,
including other sociodemographic characteristics or the genetic heritage, is needed to

better personalize therapy regimens for cancer.
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5. Summary

Modern cancer treatment regimens should aim at providing the most suitable treatment
for each individual group of patients, ensuring the best possible outcomes for each patient
undergoing radiotherapy by identifying disparities between patient's groups predicting
unfavorable side effects, and addressing them by means of preventive measures. Given
that recent research has primarily focused on disparities in terms of genetic markers, less
is known regarding sociodemographic predictors of therapeutic outcomes, such as patient
nationality. Here, we investigated whether the severity of early side effects after
radiotherapy are associated with patient nationality and other sociodemographic and
clinical characteristics. We set out to reveal disparities between foreign and German
patients and to identify potential health care barriers. The understanding of acute side
effects is pertinent to oncologists, primary care physicians, and other clinicians engaged
in cancer treatment, supportive management, and survivorship care, because side effects
occur after nearly all types of non-surgical cancer interventions, are dose-limiting, reduce
patients’ quality of life, and contribute to the economic burden of disease and healthcare

costs.

Seeking to improve the prevention of acute side effects, we investigated 356 patients, 178
German and 178 non-German patients, treated at the university institution between 2017
and 2021 and selected for matched-pair analysis based on diagnostic and demographic

criteria. Data on side effects from follow-up care after radiotherapy were collected.

We identified side effect severity to be associated with nationality, tumor entity as well as
concomitant therapy. In this study, foreign patients appeared to be more vulnerable to
severe side effects of radiotherapy than German patients. Furthermore, among foreign
patients, a higher BMI was associated with a greater risk of severe side effects. In addition,
among Turkish patients, older patients (=60 years) were more likely to experience severe
side effects than younger patients (<60 years). Acknowledging disparities between these
groups, our finding suggests that systematic and supportive measures should be
incentivized for foreign patients to enhance their therapeutic outcomes and improve their

quality of life. This includes the strengthening of cultural competence in health care
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services. Measures offered must not necessarily be innovative considering that the simple
adaption and improvement of existing clinical processes and treatment approaches can
have great value. In addition, existing healthcare information and patient education
programs should be tailored for foreign patients considering differences in their needs and

preferences.
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