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Abstract

Purpose Patients with cancer often believe dietary supplements (DS) such as micronutrients and botanical products to be
health supporting and non-toxic despite growing concerns regarding potential pharmacological interactions. Studies on
the prevalence of DS use among patients with cancer are heterogeneous and mainly conducted at university-based cancer
centers. This survey focused on a particular cancer patient group treated in an ambulatory setting without regular access to
professional nutritional counselling.

Methods Patients with a history of cancer or hematological malignancy were included in this survey. A self-reported
questionnaire was used to evaluate the different aspects of DS use, changes in dietary habits and patients’ demographic
characteristics.

Results Almost every second patient reported using DS (47.2%). Women (56.3%), patients with an academic degree (56.0%)
and non-smokers (84.8%) were more inclined to use DS. Along with magnesium (16.6%), calcium (14.3%), multivita-
mins (12.0%) and vitamin C (9.4%), use of herbal supplements (12.6%) was common. Women (84.8% vs. 74.9% of men,
p= <0.001) and patients younger than 65 years (84.4% vs. 77.2% of patients > 65 y, p = 0.002) sought dietary advice more
often. Support of the immune system was the main reason for DS use (26.4%) and a relevant number of patients (49.6%)
reported to have changed their dietary habits following cancer diagnosis.

Conclusion DS use is common among patients with cancer treated in an ambulatory setting. This finding should encourage
oncologists to implement detailed questioning about DS use and dietary habits to prevent potential interactions and offer
substantial advice.

Keywords Dietary supplements - Dietary habits - Patients with cancer - Nutritional counselling

Introduction

Use of dietary supplements (DS) such as vitamins, trace ele-
ments, minerals and botanical products has become increas-
ingly popular among patients with cancer, believing DS to
be non-toxic and health-supporting and therefore to be used
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as self-medication (Bailey et al. 2011; Li et al. 2010). Stud-
ies estimate the prevalence of DS use ranging from 18 to
95% depending on the patient population, tumor stage and
cultural background (Du et al. 2020; Luo and Asher 2018;
Molassiotis et al. 2005; Wilkinson and Stevens 2014).
Despite the popularity of DS, the use in disease is contro-
versially discussed among health professionals and scientists
due to increasing evidence regarding potential interactions
with conventional therapies, leading to either an increase
in toxicity or loss of effectiveness. Potential harm is also
derived by the fact that patients often do not disclose the
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use of DS to their doctors (Davis et al. 2012; Levy et al.
2018). Nevertheless, studies show a highly unmet need for
a consultation about complementary alternative medicine,
and DS in particular (Horneber et al. 2018).

A special feature of the German health system is the
decentralized patient care system situated at specialized
doctor’s offices. In fact, a significant proportion of patients
with cancer in Germany are treated in such ambulatory set-
tings. In contrast to many hospitals and comprehensive can-
cer centers, they do not offer a routine dietary counselling.

Therefore, in this study we investigated the prevalence
of DS use including herbal and botanical supplements in
patients with cancer treated in an ambulatory setting with
respect to demographic characteristics as well as clinical
features such as type of disease, disease duration and type
of therapy approach. Moreover, the study aims to assess the
attitude of patients towards DS and their motivation for DS
use as well to gather information regarding the sources of
dietary information in ambulatory patients with cancer.

Methods
Study population

A cross-sectional survey was conducted in patients with
cancer, seeking care at three ambulatory cancer care cent-
ers, between September 2011 and October 2012 and Sep-
tember 2017 and December 2019. Inclusion criteria were
a history of solid tumor disease, malignant hematological
disease or chronic hematological non-malignant condition
and age > 18 years. Patients were classified according to the
administered therapy: any kind of oncological medication,
best supportive care, surgical intervention only, radiother-
apy only and no intervention at all (watch and see strategy).
All participants gave written informed consent. The study
was reviewed and approved by the Ethics Committee of the
Charité University Hospital, Berlin.

Data collection

To assess different aspects of DS use, a questionnaire was
developed containing open-end and closed questions as well
as multiple-choice questions, allowing multiple answers. The
main part of the questionnaire comprises questions regarding
the use of DS, frequency and duration of DS use, type of DS
and dosage. Different kinds of vitamins, minerals and trace
elements are listed as well as botanical or herbal supplements,
special teas and immune-stimulating supplements. The sec-
ond part focuses on sources of information regarding DS use
and patients’ motivation for using DS. Moreover, we asked for
changes in dietary habits including preferences or avoidance
of certain foods since cancer diagnosis. The last part of the
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questionnaire asks for demographic and clinical data, such as
diagnosis, time since diagnosis, tumor stage, treatment history
and comorbidities. The questionnaire was tested in a pre-test
involving 20 patients with cancer to prove practicability and
comprehensibility—in particular, the understanding of specific
terms. The test patients were also interviewed about their DS
use (intake, frequency and duration) and asked to bring their
products to compare results from the questionnaire and the
interview.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Version 23 and 25. For nominal variables, results were
described by frequencies (n) and percentage (%). y* test and
Fisher’s exact test were used to compare categorical parame-
ters. Continuous variables were reported as mean and stand-
ard deviation (SD) or median and interquartile range (IQR).
Two-group and multiple-group comparisons were performed
using the Student’s ¢ test and ANOVA or the non-parametric
tests Mann—Whitney U and Kruskal-Wallis. p values below
0.05 were a priori considered statistically significant.

Results

A total of 1217 (51.3% female) out of 1452 patients
(Table 1) completed the questionnaire which reflects an
83.8% response rate. 54.5% of patients suffered from solid
cancer with a median duration of disease of 18 months
(5-44 months). Colorectal cancer was the most common
disease followed by breast cancer and other cancer of the
genital organs. 40.1% of patients had advanced or meta-
static disease. 39.2% of patients had hematological neo-
plasms with a median duration of disease of 29 months
(8-70 months). Within this group, Non-Hodgkin lymphoma,
multiple myeloma and myeloproliferative neoplasm were
the most frequently diagnosed. Furthermore, 6.3% reported
other chronic hematological non-malignant conditions such
as chronic autoimmune thrombocytopenia (2.6%) and mono-
clonal gammopathy of unknown origin (3.3%) with a median
duration of disease of 38 months (16—70 months). Regarding
the different therapy strategies, the following distribution
pattern was found: 71.9% of patients received some kind of
oncological medication, 6.6% reported to be on best support-
ive care, 4.6% underwent surgical intervention only, 2.4%
had radiotherapy only and 12.2% did not receive any kind
of intervention at all (watch and see strategy).

Frequency of DS use
Of 1217 patients, 47.2% reported using DS at study entrance,

4.5% of patients had taken DS until recently and 48.1%
denied use of DS.
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Table 1 So?iodemographic Characteristics All DS users Discontinued DS use  Non DS users  p value
characteristics and lifestyle n=1217 n=574 n=55 =585
factors of the study population
Age (years) 67.6+129 68.0+125 658+13.3 67.4+13.2 0.425
Sex, n (%)
Female 624 (51.3) 324 (56.3) 32(58.2) 267 (45.6) 0.001
Male 593 (48.7) 251 (43.7) 23(41.8) 318 (54.4)
Current living situation, n (%)
Living alone 373 (30.9) 174 (30.6) 16 (29.6) 182 (31.2) 0.958
Living with partner 835(69.1) 394 (69.4) 38(70.4) 401 (68.8)
Education level*, n (%)
Non-academic 993 (82.6) 456 (79.6) 45 (83.3) 492 (85.6) 0.028
Academic 209 (17.4) 117 (20.4) 9 (16.7) 83 (14.4)
Smoking status**, n (%)
Non smoker 974 (81.2) 480 (84.8) 39(72.2) 455 (78.6) 0.023
Previous smoker 18 (1.5) 9 (1.6) 1(1.9) 8(1.4)
Current smoker 207 (17.3) 77 (13.6) 14 (25.9) 116 (20.0)
BMI (kg/m?) 257+48 254+49 254449 259+4.6 0.231

DS users were defined as patients who used>1 DS, regularly. Patients who stopped their DS intake at
study entrance were classified in the interrupted DS user group. Data are given as mean=+ SD or as absolute
values (and %) and were performed using the ANOVA and the X2 test

DS dietary supplements, BMI body mass index
*Missing values: 15 (1.2%), **missing values: 18 (1.5%)

Overall, women and patients with an academic back-
ground as well as non-smokers reported using DS more
frequently (see Table 1). Participants with chronic hemato-
logical non-malignant condition used DS more often than
patients with solid tumors or hematological neoplasms as
follows: 61.8% vs. 47.3% vs. 45.0%, p=0.035).

Within the group of DS users, 41.5% started DS use after
cancer diagnosis whereas 37.1% had used DS regularly and
19.2% occasionally before cancer diagnosis. The majority of
patients reported DS use daily (64.8%) and for longer than
12 months (64.5%).

We found sex-specific differences only within the group
of patients with solid tumor disease, which was related to the
cohort with cancer of the genital tract, including breast can-
cer (Table 2). Duration of disease differed between DS users
and non-users (24.0 months [IQR 7-62] vs. 21.0 months
[IQR 6-50], p=0.045), whereas tumor stage (p=0.170) or
patients’ reported therapeutic approach did not (p =0.980).

Type of DS use

Magnesium and calcium supplementation was most fre-
quently reported followed by herbal and botanical supple-
ments, multivitamins, vitamin D and the vitamin B group,
which is shown in summary as well as according to sex
and age in Table 3. Only a minority of participants (< 5%)
gave detailed dosage information of DS products. Detailed
analysis of the reported types of herbal and botanical
supplements revealed more than 50 different kinds of

products, e.g. curcumin preparations, milk thistle, black
cumin oil, St John’s wort, mistletoe, seaweed extract (data
not shown).

Women reported the use of herbal and botanical sup-
plements, tea and immune-stimulating supplements more
often than men. We also found a difference between age
groups, as younger patients used selenium more often,
and older patients used magnesium more frequently (see
Table 3).

Patients’ attitude and motivation for DS use

Pre-formulated statements were used to assess attitude
towards DS use in all participants as well as motivation in
DS users. Multiple answers were allowed. As can be seen
in Fig. 1, the most frequent attitude was to treat nutritional
deficiencies, whereas disapproval due to health risk con-
cerns was mentioned least.

The following statements regarding patients’ motivation
were selected in decreasing frequencies: support of the
immune system (26.4%), prevention of nutritional defi-
ciencies (18.8%), improvement of quality of life (15.7%),
defeat cancer (11.8%), improvement of side effects (9.3%),
complement conventional therapy (8.6%) and stop disease
progression (6.7%). There was no sex-specific difference
except for the statement “support of the immune system”
and “prevention of nutritional deficiencies” (see Fig. 2).
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Table 2 Type of solid tumor disease and hematological neoplasms according to sex and use of DS (n=1217)

Type of disease Women Men p value*
DS users Discontinued Non DS users DS users Discontinued Non DS users
n=323 DS use n=268 n=251 DS use n=317
n=32 n=23

Solid tumor location, n (%)

Genital tract, breast or prostate 86 (58.5) 42.7) 57 (38.8) 20 (37.7) 3.7 30 (56.6) 0.022
Lung or respiratory tract 20 (57.1) 3(8.6) 12 (34.3) 22 (48.9) 0 23 (51.1) 0.060
Gastrointestinal tract 38 (48.7) 7(9.0) 33 (42.3) 63 (41.7) 7 (4.6) 81 (53.6) 0.164
Hepatobiliary or pancreatic tract 11 (42.3) 4 (15.4) 11 (42.3) 16 (37.2) 1(2.3) 26 (60.5) 0.086
Kidney or bladder 3 (30.0) 1 (10.0) 6 (60.0) 7(53.8) 1(7.7) 5(38.5) 0.583
Head and neck 2 (66.7) 0 1(33.3) 8 (50.0) 1(6.3) 7 (43.8) 1.000
Other 13 (46.4) 1(3.6) 14 (50.0) 4 (28.6) 1(7.1) 9 (64.3) 0.395
Hematological neoplasms, n (%)
Non-Hodgkin lymphoma 40 (56.3) 4(5.6) 27 (38.0) 26 (44.8) 2(3.4) 30 (51.7) 0.277
Multiple myeloma 21 (45.7) 2 (4.3) 23 (50.0) 26 (55.3) 12.1) 20 (42.6) 0.592
Myeloproliferative neoplasm 20 (38.5) 1(1.9) 31 (59.6) 13 (32.5) 0 27 (67.5) 0.808
Chronic lymphocytic leukemia 17 (63.0) 0 10 (37.0) 17 (44.7) 2(5.3) 19 (50.0) 0.304
Myelodysplastic syndrome 10 (37.0) 2(7.4) 15 (55.6) 9 (34.6) 1(3.8) 16 (61.5) 1.000
Acute leukemia 6 (60.0) 0 4 (40.0) 5(29.4) 1(5.9) 11 (64.7) 0.299
Hodgkin lymphoma 2(18.2) 19.1) 8 (72.7) 2 (40.0) 0 3 (60.0) 0.698
Chronic hematologic disease 34 (66.7) 2 (3.9 15(29.4) 13 (50.0) 2(1.7) 11 (42.3) 0.362

Data are presented as frequencies (%). Percentages refer to type of disease
DS dietary supplements

*p values were calculated between sex with Fisher’s exact test

Table 3 Type and frequency of DS use according to sex and age categories in all patients

Types of DS All Sex p value Age p value
n=1217
Women Men <65y >65y
n=624 n=>593 n=456 n="760

Vitamins, n (%)

Vitamin D 133 (10.9) 78 (12.5) 55(9.3) 0.071 45(9.9) 87 (11.4) 0.392
Vitamin B group 132 (10.8) 76 (12.2) 56 (9.4) 0.125 42 (9.2) 90 (11.8) 0.153
Vitamin C 115 (9.4) 62 (9.9) 53 (8.9) 0.552 43 (9.4) 72 (9.5) 0.980
Vitamin E 41 (3.4) 21 (3.4) 20 (3.4) 0.994 14 (3.1) 27 (3.6) 0.652
Multivitamins, n (%) 146 (12.0) 72 (11.5) 74 (12.5) 0.614 57 (12.5) 89 (11.7) 0.682
Micronutrients and trace elements, 1 (%)
Magnesium 202 (16.6) 105 (16.8) 97 (16.4) 0.826 63 (13.8) 139 (18.3) 0.042
Calcium 174 (14.3) 94 (15.1) 80 (13.5) 0.433 57 (12.5) 117 (15.4) 0.163
Zinc 69 (5.7) 41 (6.6) 28 (4.7) 0.163 24 (5.3) 45 (5.9) 0.631
Iron 62 (5.1) 36 (5.8) 26 (4.4) 0.272 23 (5.0) 39 (5.1) 0.946
Selenium 50 (4.1) 29 (4.6) 21 (3.5) 0.331 27 (5.9) 23 (3.0) 0.014
Immune stimulating supplements, n (%) 75 (6.2) 47 (7.5) 28 (4.7) 0.042 34 (7.5) 41 (5.4) 0.148
Omega-3 fatty acids, n (%) 69 (5.7) 33 (5.3) 36 (6.1) 0.555 26 (5.7) 43 (5.7) 0.974
Herbal and botanical supplements, n (%) 153 (12.6) 102 (16.3) 51 (8.6) 0.001 61 (13.3) 92 (12.2) 0.603
Tea, n (%) 200 (16.4) 124 (19.9) 76 (12.8) 0.001 78 (17.1) 122 (16.1) 0.632

Data presented as frequencies (%). p values are calculated with y? test. Multiple answers allowed
DS dietary supplements
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Fig. 1 Attitudes towards supple-
ment use in DS users

DS disapproval due to health risk

DS disapproval due to adequate nutritional status

DS use due to prevention of nutritional defici

DS use due to nutritional deficiencies

Sources of advice on DS use

In summary, 79.7% of all participants reported having
received or acquired information on the influence of nutri-
tion and DS on cancer disease from at least one source
whereas approximately a fifth of patients denied receiving
any kind of nutritional information. Women (84.8% vs.
74.9%, p= <0.001) and patients younger than 65 years
(84.4% vs. 77.2%, p=0.002) sought advice more often.
Depending on the source of advice, there were differ-
ences regarding the use of DS (see Table 4). Patients who
acquired information from print media, internet and TV
reported using DS significantly more than uninformed
patients. The same applies to patients, who were advised
by their nutritionist/dietician, pharmacist and homeopath
or by other health professionals, whereas no difference was
found within the groups of patients, who received advice

Fig.2 Reasons for dietary sup-
plement use. Multiple answers
were allowed
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from their oncologist or physician or those who stated to
be uninformed.

Changes in dietary habits

Almost half of all participants (49.6%) reported a change of
dietary habits upon cancer diagnosis, with the highest per-
centage in women (55.6% vs. 44.4%, p=0.003). A change of
dietary habits was more frequent in patients taking DS (59.9
vs. 39.1%, p<0.001). 33% of participants reported to give
preference to certain foods of which fruits, including citrus
fruits, were the most frequently mentioned (54.7%). 35.7%
of participants reported to avoid certain kinds of food such
as meat, alcohol, sugar and fatty foods. Cancer-specific diets
did not seem to play a major role as only 2.4% of participants
reported following cancer diets (see Fig. 3).

Again, sex-specific differences were found in the group
with solid tumor disease (p =0.007). Women with lung

Bl Female
I Male

Support immune system —54.8% P =0018

Prevent nutritional deficiencies I—I%OB%

| 144.8%

143.8% P=0.001

Improve quality of life _29'4% P =0.666

Complement conventional therapy

Stop disease progression

| 131.1%
_21.4% P =0.167
Defeat cancer 126 3%
o,
Improve side effects 19.5% P =0.566
P=0273
=0.294
SN & P
n (%)
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Table 4 Most frequent sources

: All DS users Discontinued Non DS users  p value
of advice and DS use n=1217 n=574 DS users n=>585
n=>55

Source of information, n (%)
Print media 385 (31.6) 214(37.2) 30(54.5) 141 (24.1) <0.001
Oncologist 362 (29.7) 182 (31.7) 14 (25.5) 166 (28.4) 0.386
Friends or family member 337(27.7) 194 (33.7) 19(34.5) 125 (21.4) <0.001
Primary care physician 332 (27.3) 161(28.0) 11(20.0) 160 (27.4) 0.472
Internet, social media 227 (18.7)  137(23.9) 18 (32.7) 72 (12.3) <0.001
Nutritionist/Dietician 226 (18.6) 127 (22.1) 16(29.1) 83 (14.2) <0.001
TV 222(18.2) 110(19.1) 16(29.1) 96 (16.4) 0.057
Other health care professionals 71 (5.8) 46 (8.0) 3(5.5) 22 (3.8) 0.007
Homeopath 47 (3.9) 39 (6.8) 3(5.5) 5(0.9) <0.001
Pharmacist 45 (3.7) 31(5.4) 2 (3.6) 12 (2.1) 0.009
Other 80 (6.6) 46 (8.0) 5(9.1) 29 (5.0) 0.074

No information received, n (%) 242 (19.9) 74 (12.9) 6 (10.9) 162 (27.7) <0.001

Data presented as frequencies (%). p values are calculated with Fisher’s exact test. Multiple answers

allowed
DS dietary supplements

Fig.3 Awareness and changes
in dietary habits upon tumour
diagnosis. Multiple answers
were allowed

33 Non DS users
B Discontinued DS users

=l DS users
| 0
' 37.5% P <0.001
Preferring intake of healthy foods 455%
53.1%
128.0%
Avoiding intake of certain foods 455% P <0.001
42.7%
126.3% P <0.001
Increasing intake of certain foods 27.3% <
40.4%
[11.5%
Antitumour diet 48]1.8% P =0.137
3.3%
0 10 20 30 40 50 60

cancer (57.1% vs. 42.9%, p=0.033), breast cancer or can-
cer of the genital tract (53.7% vs. 37.7%, p=0.046), but
also with myelodysplastic syndrome (44.4% vs. 19.2%,
p=0.049) changed their dietary habits significantly more
often than men. Moreover, 58.8% of the participants younger
than 65 years reported changes in dietary habits compared
to 44% in the cohort older than 65, (p = <0.001). Patients
with solid tumor disease (55.3%, p= <0.001) and patients
with a history of oncological medication (52.4%, p=0.004)
changed their dietary habits more often, whereas marital
status only had a borderline effect (single 53.8% vs. 47.7%,
p=0.050). No difference was identified between changes of
dietary habits and duration of disease (p =0.367), academic
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degree (p=0.339), smoking status (p =0.574) and tumor
stage, respectively (p =0.766). Figure 3 shows changes of
dietary habits since diagnosis.

Discussion

In the context of the growing popularity of DS such as
micronutrients as well as complementary and alternative
medicine related supplements (e.g. herbal and botanical
supplements) on the one hand and increasing evidence of
potential toxic side effects due to pharmacokinetic inter-
actions on the other hand, assessing dietary supplement
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use has become one focus in research, but not yet in clini-
cal practice. Our study revealed that almost every second
ambulatory patient with cancer used DS which is similar
to previous studies. The majority of patients stated to have
received or acquired advice on the intake of DS and the
most frequently given reason for DS intake was to support
the immune system, followed by prevention of nutritional
deficiencies.

Data on the prevalence of DS use among ambulatory
patients with cancer is limited in number and studies are het-
erogeneous regarding patient cohorts and design (Holzapfel
et al. 2020; Huebner et al. 2014; Konig et al. 2016; Maschke
et al. 2017). The majority of data is acquired from patients
suffering from breast cancer (Drozdoff et al. 2018; Fremd
et al. 2017) and studies are mainly conducted in coopera-
tion with university-based cancer centers. We, therefore,
focused on ambulatory patients with cancer who have no
regular access to dietary counselling. Our findings reveal
that 51.7% of ambulatory patients use, or have used DS.
Similar results in patients with cancer have been described
elsewhere (Alsanad et al. 2016; Jermini et al. 2019; Luo and
Asher 2018; Schuerger et al. 2019). In accordance to some
studies (Alsanad et al. 2016; Friedman et al. 2019; Jermini
et al. 2019; Konig et al. 2016; Schuerger et al. 2019), our
data shows a significantly higher frequency of DS use among
women. This effect was due to the cohort with breast- and
genital cancer disease, and most likely due to women with
breast cancer, who have previously been shown to be highly
motivated to use DS (Ferrucci et al. 2009; Holzapfel et al.
2020; Luo and Asher 2018; Miller et al. 2009). In fact, our
study results show that overall frequency regarding DS use
remains as high as in healthy individuals (Bailey et al. 2011;
Friedman et al. 2019; Li et al. 2010) and is only exceeded
by the groups of cancer survivors and patients with breast
cancer (Drozdoff et al. 2018; Ferrucci et al. 2009; Miller
et al. 2009).

Calcium and magnesium are the most frequently taken
supplements in our survey, which is in accordance with other
studies with cancer patients (Alsanad et al. 2016; Friedman
et al. 2019; Wilkinson and Stevens 2014). One-fifth of our
participants reported taking either multivitamins or vitamin
C, which again is comparable to the previously mentioned
studies (Alsanad et al. 2016; Wilkinson and Stevens 2014).
Use of herbal and botanical supplements was reported in
12.6% of participants, which is in range with other cross-
sectional cancer patient studies (Molassiotis et al. 2005;
Wilkinson and Stevens 2014). Besides other non-vitamin-
non-mineral DS, especially high dose herbal and botani-
cal supplements are suspected to harbour a higher risk for
drug interactions and therefore should not be generally rec-
ommended (Caccialanza et al. 2016; Daenen et al. 2015;
Frenkel et al. 2013; Hsieh et al. 2014; Mazzanti et al. 2015,
2009).

Due to the fact that neither quality nor frequency of die-
tary information could be objectified, conclusions regarding
the influence of nutritional information on patients” moti-
vation to use DS have to be drawn carefully. We identified
an association between DS use and information by semi-
professional sources and lay sources, but also by nutrition-
ists and pharmacists. This finding may be biased by the fact
that patients who are actively seeking advice may be more
willing to use DS than others and vice versa. Nevertheless,
these findings raise the question about the quality in terms
of evidence-based information on DS use provided by health
professionals and highlight the need for further training and
education regarding this issue. Research groups like the
Competence Network Complementary Medicine in Oncol-
ogy (KOKON) funded by the German Cancer Aid Society
and others, (Guthlin et al. 2020; He et al. 2019; Helmer et al.
2019; Ziemann et al. 2019) are currently working on this
issue to implement evidence-based information on DS and
nutrition and other aspects of complementary medicine into
patient-doctor-communication to prevent harm and improve
treatment compliance and tolerability (Frenkel et al. 2013;
Greenlee et al. 2017; Shalom-Sharabi et al. 2017).

Almost half of the respondents reported to have changed
their dietary habits and wished to eat a ,,healthier “ diet.
Participants reported eating more vegetables and fruits and
to avoid certain foods. With respect to the well-known toxic
interactions between certain kinds of citrus fruits, e.g. grape-
fruits, bitter oranges and pomegranates, and a growing range
of pharmaceuticals, these findings again underline the need
for a detailed exploration of dietary concerns (de Jong et al.
2015).

Our data is subject to limitations due to the use of a self-
reported questionnaire which harbours the well-known
risk of under- or overestimation. We also cannot exclude
inclusion bias associated with the type of recruitment (vol-
untary). Being aware of study-derived estimates of up to
75% of patients who refrain from disclosing DS use to their
health provider for different reasons, we used a self-admin-
istered questionnaire to assure participants would feel free
to answer without other influence (Levy et al. 2018). As
a consequence, there was no chance to discuss missing or
ambiguous data with the patient, which also may contribute
to false estimation.

Conclusion

As almost every second patient with cancer reported chang-
ing their dietary habits and using DS, our findings empha-
size the need to implement nutritional consultation routinely
into cancer care in the ambulatory setting, as well as to meet
patients’ needs, and to prevent potential interactions with
anticancer therapies.
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