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Broccoli sprout supplementation in patients with advanced
pancreatic cancer is difficult despite positive effects—results
from the POUDER pilot study
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Summary
Pancreatic ductal adenocarcinoma is a highly aggressive malignancy with short survival and limited therapeutic options.
Broccoli sulforaphane is a promising new treatment due to the results of recent epidemiological, experimental and
patient studies. Upon approval from the ethics committee and registration at ClinicalTrials.gov, 40 patients with
palliative chemotherapy were placed into a placebo and treatment group in an unblinded fashion. Fifteen capsules
with pulverized broccoli sprouts containing 90 mg/508 μmol sulforaphane and 180 mg/411 μmol glucoraphanin or
methylcellulose were administered daily for up to 1 year. Twenty-nine patients were included in the treatment group
and 11 patients were in the placebo group; these patients were followed for up to 1 year. The patient characteristics,
overall survival and feasibility were assessed. Compared to those of the placebo group, the mean death rate was lower in
the treatment group during the first 6 months after intake (day 30: 0%/18%, day 90: 0%/25%, and day 180: 25%/43%),
and Kaplan-Meier analysis revealed a higher survival rate. There was a high drop-out rate (72% in the treatment group
and 55% in the placebo group) after 1 year. We concluded from the Karnofsky index that the broccoli sprouts did not
impact patient’s self-care and overall abilities severely. The intake of 15 capsules daily was difficult for some patients,
and the broccoli sprouts sometimes increased digestive problems, nausea and emesis. We did not obtain statistically
significant results (p = 0.291 for the endpoint at day 180), but the knowledge about the feasibility is the basis for the
development of new sulforaphane drugs.
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Abbreviations
ASA American Society of Anesthesiologists
BMI Body-mass index
CT Computed tomography
EORTC European Organization for Research

and Treatment of Cancer
MRT Magnetic resonance tomography
OHSU Oregon Health and Science University
PDA Pancreatic ductal adenocarcinoma
QLQ Quality of life questionnaires

Introduction

Pancreatic ductal adenocarcinoma (PDA) comprises more than
90% of all pancreatic cancer cases and is the fourth leading
cause of cancer-related death [1]. At diagnosis, approximately
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80% of patients have metastases due to the lack of early symp-
toms. Potentially curative surgical resection is limited to only a
few patients, and > 90% of patients relapse and die from the
disease without additional therapy [2]. In a metastatic setting,
the FOLFIRINOX regimen and the nanoparticle albumin-
bound (nab)-paclitaxel plus gemcitabine are standard treatment
options for patients that have good performance and have
shown a survival advantage compared to gemcitabine mono-
therapy [3]; however, PDA is notoriously resistant to treatment,
and only a few patients benefit from chemotherapy.

Recent data have suggested that the regular consumption of
cruciferous vegetables, such as broccoli, Brussels sprouts,
cabbage, cauliflower, kale, swede and turnip, is associated
with a reduced incidence of cancer [4]. The anticancer activity
of these vegetables has been linked to the high content of
sulfur-containing glucosinolates that vary among crucifers.
The hydrolysis of the inactive glucosinolate by the plant en-
zyme myrosinase or by gut bacteria leads to the formation of
biologically active isothiocyanates or indoles [5]. A focus has
been placed on the glucosinolate glucoraphanin and its active
isothiocyanate sulforaphane, which is enriched in broccoli and
its sprouts [6]. Sulforaphane is one of the best studied bioac-
tive agents from Brassicaceaes with anti-fungal, anti-bacterial,
anti-viral, anti-inflammatory and anti-oxidative effects, which
are combined with the ability to induce detoxifying enzymes,
cell cycle arrest, and apoptosis [5]. Our studies have demon-
strated that purified sulforaphane is able to overcome the pro-
nounced therapy resistance of PDA in vitro and in vivo [7, 8],
and similar results have been obtained in experimental models
of prostate and breast cancer [8–11]. Epidemiological studies
have suggested that the frequent intake of cruciferous vegeta-
bles might be inversely associated with the risk of developing
pancreatic cancer [12–16], as well as cancer of the breast,
kidney, bladder and prostate [17–22]. A Canadian study ob-
served a significantly decreased risk of extra-prostatic mani-
festations of stage III and IV prostate cancer when men fre-
quently consumed broccoli and cauliflower [17].

Several companies offer sulforaphane-rich broccoli seeds or
broccoli sprout products because many patients have high
hopes based on these promising data [23]. A clinical pilot trial
of sulforaphane-rich broccoli sprout extracts in 20 men with
recurrent prostate cancer was performed at the Oregon Health
and Science University (OHSU) and the OHSU Knight Cancer
Institute in Portland, Oregon, USA [24]. A daily dose of
200 μmol sulforaphane from broccoli sprout extracts was ad-
ministered for 20 weeks. The effect on PSA levels was deter-
mined: one patient had a PSA decline of ≥50%, and 7 patients
had smaller PSA declines that were < 50%. During sulforaph-
ane intake, there was a significant lengthening of the PSA dou-
bling time for all 20 patients, with an average of 9.6 months
compared to 6.1 months without sulforaphane intake. The
sulforaphane-rich extracts were considered safe because no
grade 3 adverse events occurred. Prior studies with similar

concentrations of broccoli sprout extracts confirmed that these
sulforaphane concentrations are safe for patients [25–27]. A
recent study in 2018 by Tahata et al. [27] evaluated comparable
broccoli sprout extracts in 17 patients with atypical nevi that
received 50, 100 or 200 μmol sulforaphane for 28 days. All
patients completed this study and had no dose-limiting toxic-
ities. Post-administration, the sulforaphane levels in blood in-
creased dose-dependently. In addition, pro-inflammatory cyto-
kines decreased, and the tumour suppressor decorin increased
in patients who were administered sulforaphane compared to
those who were not. These results suggest that a further dose
escalation of sulforaphane is possible and that the administra-
tion of a mixture of sulforaphane and glucoraphanin may sub-
stantially increase the bioavailability of sulforaphane [23, 28].
Because the effects of sulforaphane from broccoli sprouts on
the survival of cancer patients have never been studied in a
prospective trial, we performed a pilot study with 40 patients
suffering from advanced, surgically non-resectable pancreatic
cancer who were receiving palliative chemotherapy. The pa-
tients in the treatment group were administered 15 capsules
containing the powder of freeze-dried broccoli sprouts with
90 mg (508 μmol) sulforaphane plus 180 mg (411 μmol) glu-
coraphanin throughout the day for up to 1 year. The patients in
the placebo group received the same number of identical
looking capsules with methylcellulose. The patient characteris-
tics, overall survival and feasibility were then evaluated.

Methods

Patients

All patients had pathologically confirmed, non-resectable, ad-
vanced PDA and were receiving palliative chemotherapy.
Subjects were at least 18 years-of-age and were able to take
in sufficient nutrition orally without symptoms of indigestion
or problems with the passage of food, as indicated by nausea,
vomiting, or the presence of a nasogastric tube. Exclusion
criteria were a known intolerance to broccoli or its ingredients,
impaired mental status, language problems, or the refusal of
participation. All patients were recruited at the Department of
General, Visceral & Transplant Surgery of the University of
Heidelberg in Germany.

Study design

This monocentric, prospective, placebo-controlled, clinical pilot
study with two parallel groups (treatment and placebo) was
approved by the ethics committee of the University of
Heidelberg (reference No. S-347/2009). This study is registered
at the ClinicalTrials.gov, a database of privately and publicly
funded clinical studies, under the name “POUDER” (reference
No. NCT01879878). Clinical diagnoses were established by
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conventional clinical and histological criteria. The study
population was originally randomly divided 1:1 into a
treatment group, receiving 15 capsules/day with a total of
90 mg (508 μmol) sulforaphane plus 180 mg glucoraphanin
(411 μmol)/day, and a placebo group, receiving 15 identical-
looking capsules filled with methylcellulose, for up to 1 year;
however, due to the clear desire of many patients to be in the
treatment group, we later reversed the randomization and put
these patients into the treatment group. Patients were enrolled
until the recruitment target of 40 study patients was reached. The
randomization list was prepared by a colleague who was not
involved in the medical care of the participants. Informed con-
sent was obtained from all study participants prior to enrolment.

Trial objectives

The principal objective of this trial was to evaluate the feasi-
bility of administering sulforaphane-rich, freeze-dried brocco-
li sprouts in 15 capsules daily to patients with advanced PDA
who were undergoing palliative chemotherapy, which was
published as the study protocol [29]. The patients were asked
to complete questionnaires and to provide the results of phys-
ical examinations; they underwent routinely performed cross-
sectional imaging by computed tomography (CT) or magnetic
resonance tomography (MRT), if available, at 3, 6, 9 and
12 months after the trial began. Questionnaires from the
European Organization for Research and Treatment of
Cancer (EORTC) and quality of life questionnaires (QLQ-
PAN26, QLQ-C30) were provided. Additionally, the overall
survival rate was documented.

Sulforaphane-rich, freeze-dried broccoli sprouts

Sulforaphane was administered in the form of Deiters
Broccoraphan® (gesundundkoestlich GmbH, Hamburg,
Germany) with pulverized, freeze-dried broccoli sprouts pack-
aged in capsules. Each batch of broccoli sprouts was analysed
by a commercial, independent company (LADR GmbH -
MVZ Dr. Kramer & Kollegen, Geesthacht, Germany) for the
content of sulforaphane, its inactive precursor glucoraphanin
and for the exclusion of Salmonella species. The sulforaphane
content varied between 1200 mg and 1500 mg per 100 g
sprout powder and contained additional glucoraphanin, by a
factor that ranged from 1.75 to 2.4 times more than was ex-
pected. Broccoli sprout powder with a defined content of 6 mg
(34 μmol) sulforaphane was packed per capsule, and the daily
dose included 15 capsules to reach a total of 90 mg
(508 μmol) sulforaphane plus approximately 180 mg
(411 μmol) glucoraphanin per day. The sulforaphane in the
freeze-dried broccoli sprout powder was stable based on our
initial trial in which we tried to destroy the sulforaphane by
autoclaving to generate the placebo capsules. However, even
after more than 1 hour of autoclaving, a high amount of

sulforaphane was still detectable. Therefore, we used methyl-
cellulose as a placebo. Due to the high stability of sulforaph-
ane, we did not give special storage recommendations to the
patients. The patients were asked to take 15 capsules through-
out the day, with no special instructions for how or when to
take the pills, e.g., on an empty stomach or together with food;
this aspect of the administration was completely unmonitored.

Statistical analyses

This was a pilot study with 40 patients who were distributed
into two groups that aimed to examine the feasibility of broc-
coli sprout application for patients with advanced PDA. The
endpoint of interest was overall survival, and other criteria
included feasibility, tumour markers, quality of life and the
presence of sulforaphane metabolites in urine samples. The
data are presented as single data points and as an average of
the results. The standard deviations for the percentage of the
patients who were deceased were calculated with a binomial
distribution. For the Kaplan-Meier survival curves, the 95%
confidence intervals were calculated. Statistically significant
data were not expected from this pilot study, but we expected
promising results that could justify a larger follow-up study.

Results

Patient characteristics

This study enrolled 40 patients with inoperative PDA who
were receiving palliative chemotherapy from December
2013 to October 2016; 29 patients were in the treatment
group, and 11 patients were in the placebo group (see the
CONSORT diagram in Fig. 1a). The most common reasons
for inoperability were liver metastasis, distant metastasis, peri-
toneal carcinosis or infiltration of the portal vein, hepatic vein
and other important veins or arteries. Originally, a double-
blinded study was planned with a 1:1 distribution between
the two groups; however, this strategy was not implemented
because many of the patients refused to participate unless they
were placed into the treatment group. Although the capsules
of both groups looked identical, true blinding was not possible
because the pulverized broccoli sprouts could be easily distin-
guished from the methylcellulose through their characteristic
smell and taste. First, we tried to use inactivated broccoli
sprouts as a placebo, but even several hours of autoclaving
did not destroy all of the glucoraphanin and sulforaphane.
Therefore, we switched to methylcellulose as a placebo. Due
to difficulties in blinding the study, we offered to let the pa-
tients who wanted to be sure that they got into the treatment
group choose to be in the treatment group. The patients were
given a monthly supply of capsules and were asked to take 15
capsules daily to reach a total concentration of 90 mg
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sulforaphane and 180 mg glucoraphanin in the treatment
group or methylcellulose in the placebo group. Immediately
before and 3 months after inclusion in the study, patient char-
acteristics, such as number, gender, age, body-mass index
(BMI), American Society of Anesthesiologists (ASA) physi-
cal status and the Karnofsky index were determined (Table 1).
Fifty-five percent of the participants in the treatment group
were female and had an average age of 62 years (range 46 to
78 years) and an average BMI of 25 (range 15.5 to 39.6).
Similarly, 64% of the participants in the placebo group were
female and had an average age of 68 years (range 50 to 83)
and an average BMI of 25 (range 20.2 to 39.6). The ASA
physical status of the patients had an average score of 2.5 in
both groups. The Karnofsky index was calculated with ques-
tionnaires that the patients were asked to fill out. However,
only approximately one-third of the patients provided this

information, and the average percentage of the available
Karnofsky indices was 91% in the treatment and 87% in the
placebo group at the start of the study, and the indices in-
creased to 81% and 78% after 3 months; that represented a
decrease of 11% and 10%, respectively. Overall, the group
composition was comparable.

Study results

The average duration of the study participation in the treat-
ment group was 119 days, and in the placebo group, the av-
erage duration was 143 days (see Table 1). Additionally, 72%
of the patients in the treatment group dropped out before the
end of the planned study duration of 365 days, whereas 55%
of the placebo group dropped out before the 1-year mark.
Throughout the study, the percentage of patients who dropped
out was higher in the treatment group compared to the placebo
group. Before day 30 of the capsule intake, 21% of the pa-
tients (n = 6) in the treatment group and 0% (n = 0) of the
patients in the placebo group had left the study; these numbers
increased as follows: before day 90, 45% (n = 13)/27% (n =
3); before day 180, 59% (n = 17)/36% (n = 4); and before day
360, 72% (n = 21)/55% (n = 6), respectively (Fig. 1). The rea-
sons for the discontinuation of the study were nausea,
vomiting, flatulence, and other general symptoms that are as-
sociated with advanced pancreatic cancer. Some patients re-
ported that these symptoms may have been increased as a
result of the broccoli sprouts, although the decrease in the
Karnofsky performance status (in the range of 11% and 10%
within 3 months after inclusion) was comparable between the
two groups (Table 1). In addition, many patients stopped par-
ticipating in the study without providing any reason. The com-
parable decrease in the Karnofsky status between the two
groups suggests that the broccoli sprouts did not impact pa-
tient self-care and overall abilites severely.

Despite having a higher number of patients who dropped
out of the study, within the first 180 days, the average percent-
age of death in the treatment group was lower than in the
placebo group (Fig. 2); however, the percentage of death in
the treatment group was similar to or slightly worse than that
of the placebo group day 360 (Fig. S1A). However, the 1-year
time point is not meaningful because only 3 patients were left
in the treatment group, and 2 patients were left in the placebo
group. For the calculations, we excluded the patients who
discontinued the study, and we counted the dead and living
patients only at a particular time point—this is different from a
Kaplan-Meier analysis and was necessary due to the high rate
of discontinuation. The results showed that the percentage of
the patients who were deceased at day 30 in the treatment
group compared to the placebo group was 0% (n = 0)/18%
(n = 2); at day 90 it was 0% (n = 0)/25% (n = 2); and at day
180 it was 25% (n = 3)/43% (n = 3).

Fig. 1 The drop-out rate in the treatment group was higher than in
the placebo group. a Scheme showing a CONSORT diagram of the
study design. b The diagram shows the percentage of patients who
dropped out of the study before days 30, 90, 180 and 360, with an
intake of 15 capsules daily of pulverized, freeze-dried broccoli sprouts
in the treatment group (black bars) or methylcellulose in the placebo
group (white bars). The actual number of patients at each time point is
presented within the bars
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Table 1 Patient characteristics

Group Patients Gender Age BMI ASA Karnofsky Reason inoperability Days Death Drop-out

0 3 M

Placebo P1 m 62 26.1 2 – – CVID 30 – X

P2 f 74 39.6 2 – – Infiltration A. hepatica 30 – X

P3 f 68 24.4 2 – – Distant metastasis 35 – X

P4 f 59 24.8 1 – – Distant metastasis 8 X –

P5 m 68 23.2 2 80 70 Peritoneal carcinosis/Metastasis 365 – –

P6 f 78 26.2 3 – – Infiltration VMS & A. hepatica 128 X –

P7 m 58 24.2 3 90 70 Liver metastasis 303 – X

P8 f 73 20.2 3 – – Liver metastasis 100 – X

P9 f 83 26.6 3 90 80 Infiltration VMS & V. portae 180 – X

P10 f 78 20.5 3 – 90 Peritoneal carcinosis 365 – –

P11 m 50 27.2 3 – – Liver metastasis 26 X –

11 64% f 68 25 ø2.5 87% 78% ø143 27% 55%

Verum V1 m 56 19.8 1 90 80 Infiltration A. hepatica 197 X –

V2 m 71 29.4 2 100 80 Peritoneal carcinosis 364 X –

V3 m 46 28.3 2 – – Distant metastasis 114 – X

V4 f 70 25.1 2 – – Peritoneal carcinosis/Infiltration V. linealis 17 – X

V5 f 61 21.0 2 80 60 Distant metastasis 163 X –

V6 m 63 26.6 3 – – Infiltration V. portae, Liver metastasis 49 – X

V7 m 50 21.8 3 – – Infiltration colon transversum 6 – X

V8 f 46 24.4 1 – – Infiltration AMS 107 X –

V9 m 75 15.5 3 100 90 Liver metastasis 7 – X

V10 f 49 19.7 2 – – Peritoneal carcinosis 28 – X

V11 f 46 27.2 3 90 80 Peritoneal carcinosis/
Infiltration coeliacus & V. portae

365 – –

V12 f 47 25.3 3 – – Peritoneal carcinosis/Liver metastasis 32 – X

V13 f 68 29.6 3 – – Liver metastasis/Infiltration duodenum 7 – X

V14 m 75 33.1 3 – – Infiltration AMS 72 – X

V15 f 58 28.1 2 90 80 Peritoneal carcinosis/Liver metastasis 289 X –

V16 f 72 23.8 3 90 90 Liver metastasis 365 – –

V17 m 54 26.1 3 90 90 Infiltration A. Hepatica & V. portae 180 – X

V18 f 78 39.6 2 90 80 Obstruction duodenum 180 – X

V19 f 63 23.2 3 – – Peritoneal carcinosis/Infiltration AMS 99 X –

V20 f 70 28.6 3 – – Peritoneal carcinosis/Infiltration AMS 5 – X

V21 f 74 24.4 2 – Peritoneal carcinosis/Liver metastasis 30 – X

V22 m 61 24.8 3 – Infiltration AMS & VMS 90 – X

V23 m 71 26.2 2 – – Peritoneal carcinosis 180 – X

V24 m 48 24.2 2 – – Liver metastasis 180 – X

V25 f 66 20.2 3 – – Infiltration coeliacus/Liver metastasis 87 – X

V26 m 72 26.6 3 – – Peritoneal carcinosis/Liver metastasis 30 – X

V27 f 57 20.5 3 – – Liver metastasis 100 – X

V28 f 73 27.2 3 90 80 Liver metastasis 90 – X

V29 m 62 19.8 3 – – Liver metastasis 30 – X

29 55% f 62 25 ø2.5 91% 81% ø119 21% 72%

The bold lines indicate averages. A.: Arteria; AMS: Arteria mesenterica superior; The fitness before inclusion into the study was determined by the ASA
physical status classification system and by the Karnofski Performance Status; CVID: common variable immunodeficiency; Days: Duration of participation
in the study, which was finished either due to death, cancellation or reaching the maximum duration time; Death: proband died during study time; Drop-out:
proband cancelled participation during the study time. Karnofsky: the Karnofsky Performance Status in percent was determined immediately before
inclusion into the study (0) and 3 months after inclusion (3 M); however, some patients did not forward information about their quality of life (−). V:
Vena; VMS: Vena mesenterica superior.
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Next, we performed a Kaplan-Meier survival analysis
and measured the fraction of patients who lived for a cer-
tain period of time after the intake of the capsules. The
period of measurement was from day 1 of the capsule in-
take until death. Kaplan-Meier analysis takes the study
subjects that refused to remain in the study or for whom
contact was lost during the study into consideration—these
situations were labelled as censored observations. With
this method, we observed better survival in the treatment
group than in the placebo group during the first 180 days of
the study (Fig. 3). At 360 days, survival decreased in the
treatment group compared to the placebo group (Fig. S1B).
Again, these data from late in the study are not meaningful
due to the high number of patients who had left the study
and the very low number of remaining patients. Although
these data lack statistical significance, they are promising
and may justify a follow-up trial.

Discussion

Here, we present the results of the POUDER Trial, which was
originally planned as a blinded, two-armed study. Unfortunately,
blinding was not possible due to the characteristic smell of the
broccoli capsules, whichmade them easy to identify, and because
of the desire of many of the patients to be in the treatment group.
We evaluated the suitability of pulverized, freeze-dried broccoli
sprouts in capsules as a co-treatment in patients with non-resect-
able, advanced pancreatic cancer. Because the median survival at
this stage is <6 months to ~11 months [3], we expected to obtain
results within the scheduled 12-month treatment and observation
time. Based on the extreme aggressiveness of PDA, we used a
high sulforaphane dose of 90 mg (508 nmol) plus 180 mg
(411 μmol) glucoraphanin, which had never been evaluated in
a human study. The highest dose that had been used previously
was 200μmol sulforaphane, which was administered as broccoli

Fig. 2 The percentage of deceased patients was lower in the treatment
group than in the placebo group. The percentage of deceased patients in
the treatment group (black bars) compared to the placebo group (white bars)
is shown. Unlike Kaplan-Meier analysis, the total number of living and

deceased patients was recalculated at each time point by subtracting the
patients who dropped out. The actual number of patients at each time point
minus those who left the study is presented within the bars. The standard
deviations were calculated with a binomial distribution

Fig. 3 Kaplan-Meier analysis
showed a survival advantage for
patients in the treatment group.
The cumulative survival over time
(30 to 180 days) was calculated by
setting the total number of patients
in the treatment group (continuous
line) and the placebo group (broken
line) at the start of the study to 1. A
plus sign (Cens) indicates when a
patient was lost to follow-up, and a
drop of the line indicates the death
of a patient at a particular time
point. The 95% confidence inter-
vals for the treatment (black line)
and placebo (grey, dotted line) with
censors (+) are shown
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sprout extract. Unlike our raw broccoli sprout preparation, the
broccoli sprout extracts consisted of the aqueous phase of three-
day-old, fresh, green broccoli sprouts after boiling and the con-
version of glucoraphanin to active sulforaphane by daikon my-
rosinase after cooling [24, 27]. After digestion, the extracts were
lyophilized, and 218mg powder with 50μmol sulforaphane was
packed into capsules—the patients took 4 capsules daily [24, 27].
In contrast, our capsules had a higher volume, with approximate-
ly 400mg powder, and had a lower sulforaphane content of 6mg
(34 μmol) but contained approximately 12 mg (27 μmol)
glucoraphanin—the patients took 15 capsules throughout the
day. In our study, the daily sulforaphane dose was higher, and
the clearance of sulforaphane from the body was most likely
slower due to the intake occurring throughout the day and the
presence of additional glucoraphanin in the powder. As it was
recently described, active sulforaphane could be generated from
glucoraphanin by intestinal bacteria [28]. Thus, our conditions
promised a substantially greater bioavailability of sulforaphane;
however, the supplementation of broccoli sprout preparations in
patients with advanced pancreatic cancer requires further optimi-
zation due to the following difficulties.

Although only patients who were able to take in food
orally without indigestion or problems with food passage
were included, patients with advanced PDA often rapidly
progress from a healthy status to the terminal stage, and the
progression is accompanied by a variety of severe side effects
[30]. This may have been a major reason why several patients
stopped participating in the study without providing a reason.
The reported reasons were typical side effects of advanced
pancreatic cancer, namely, pain, fatigue, lack of energy, di-
gestive problems with a loss of appetite, taste and dry mouth,
diarrhoea, constipation, abdominal pain, nausea and
vomiting, sleep and neurological problems, and psychologi-
cal distress [31]. These may have been the main reasons why
so many patients did not complete the study. Upon the pro-
gression of their cancer, the patients were likely unable to
take the required 15 capsules per day; however, there were
complaints regarding the high capsule numbers from the be-
ginning of the trial. The higher percentage of discontinuation
in the treatment group may have been due to an increase in
digestive problems induced by the broccoli sprouts.
Additionally, disgust due to the broccoli flavour coming from
the stomach after the capsule intake was reported, and this
may have increased nausea and emesis; however, no severe
impact on patient’s self-care and overall abilities were ob-
served, which is highlighted by the Karnofsky performance
status, which was comparable between the two groups 3
months after the study began. Our conclusion is in line with
the results of former clinical phase I and II studies that dem-
onstrated the safety and tolerance of glucosinolate- and
isothiocyanate-rich broccoli sprouts in healthy volunteers
and in cancer patients [6, 24, 27]; however, these studies used
lower sulforaphane concentrations.

Our original intention was that only patients who were
undergoing treatment at the University Clinic of Heidelberg
would be included in this study because these patients were
regularly on-site and could be easily followed. Despite this,
nearly all cancer patients at our clinic were already included in
other clinical studies, and there were concerns that participa-
tion in our powder study would influence the outcome of the
other studies. We cannot rule out that the co-administered of
different chemotherapeutic schedules did not affect the out-
come of our study; however, patients in chemotherapy studies
have no eating restrictions and can consume broccoli sprouts
because it is food and not a medicament. Therefore, our pilot
study was not a drug study but a dietary study. To avoid
interference with ongoing drug trials in Heidelberg, we ulti-
mately accepted patients from other clinics. These foreign
patients received information via phone or e-mail and were
asked to take the capsules at home. In addition, we asked these
patients to complete a quality of life questionnaire and to send
urine, blood and information about tumour progression at reg-
ular intervals in cooperation with their family doctor.
Unfortunately, this strategy did not work well, and we lost
follow-up contact with many patients. This was also the rea-
son why we received only a small amount of blood and urine
samples, which were not representative enough for analysis.
As the majority of patients came from abroad, there were
difficulties with direct care, and this was another major reason
for the high drop-out rate. In addition, sulforaphane-rich broc-
coli sprout extracts are freely available, and some patients may
have preferred to leave the study without informing us to take
the commercially available broccoli sprout products.
Regarding the low median survival rate of <6 months to
~11 months for advanced stage PDA with palliative chemo-
therapy [3], the documented 6 months in our study may have
been a representative timeframe. At first, our study protocol
intended to include urine analysis for sulforaphane metabo-
lites to determine whether the broccoli sprouts had been con-
sumed or if the patients in the placebo group had consumed
high amounts of cruciferous vegetables. However, due to the
above-described difficulties in follow-up, we did not obtain
sufficient amounts of urine samples for representative tests.

Conclusion

This study contains many important pieces of information
about the feasibility of taking broccoli capsules for patients
with advanced pancreatic carcinoma, but it also had limita-
tions. For example, the Karnofsky index depends on the in-
vestigator, and we had data from only one third of the patients;
thus, these data might not be representative. Additionally, we
did not obtain statistically significant survival data; however,
this was not expected because this was a pilot trial and due to
the low number of patients and high drop-out rates.
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Nevertheless, we achieved our goal of obtaining promising
results and new information about the feasibility of such a
study in patients with advanced pancreatic cancer. Within
the 180 days of follow-up, the patients in the treatment group
survived longer (P = 0.291) than those in the placebo group.
There were some drawbacks to the study, such as the drop-out
rate was extremely high, 15 capsules per day were too much,
and the broccoli sprouts may have increased the digestive
symptoms in some patients. Therefore, the development of a
new drug with a high sulforaphane content and with lower
side effects is required for a future follow-up study.

Acknowledgements We are grateful to Dr. P. Houben for helpful discus-
sion and to Ms. D. Hall for excellent technical assistance.

Author’s contributions IH, PS, TH: Concept and design.
VJL, NSG, AM: Care of patients, acquisition of data.
IH, WG: Analysis and interpretation of data.
IH, WG: Writing, review and/or revision of the manuscript.

Funding This study was supported by a grant from the Heidelberger
Stiftung Chirurgie and a donation of broccoli sprout capsules by
Norbert Deiters.

Complicance with ethical standards

Conflict of interest None of the authors have a conflict of interest to
disclose regarding the publication of the present manuscript.

Consent for publication All authors agreed to submit this publication.
This manuscript has not been published and is not under consideration for
publication elsewhere.

Ethical approval Patient information and materials were obtained under
the approval of the Ethical Committee of the University of Heidelberg (No.
S-347/2009) after receivingwritten informed consent from the patients. The
study is registered at ClinicalTrials.gov as “POUDER” (NCT01879878).
The diagnoses were established by conventional clinical and histological
criteria according to the World Health Organization (WHO).

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

1. Siegel RL, Miller KD, Jemal A (2017) Cancer statistics, 2017. CA
Cancer J Clin 67(1):7–30. https://doi.org/10.3322/caac.21387

2. Kleeff J, Korc M, ApteM, La Vecchia C, Johnson CD, Biankin AV,
Neale RE, Tempero M, Tuveson DA, Hruban RH, Neoptolemos JP
(2016) Pancreatic cancer. Nat Rev Dis Primers 2:16022. https://doi.
org/10.1038/nrdp.2016.22

3. Neoptolemos JP, Kleeff J, Michl P, Costello E, GreenhalfW, Palmer
DH (2018) Therapeutic developments in pancreatic cancer: current

and future perspectives. Nat Rev Gastroenterol Hepatol 15(6):333–
348. https://doi.org/10.1038/s41575-018-0005-x

4. Hayes JD, Kelleher MO, Eggleston IM (2008) The cancer chemo-
preventive actions of phytochemicals derived from glucosinolates.
Eur J Nutr 47(Suppl 2):73–88. https://doi.org/10.1007/s00394-008-
2009-8

5. Lampe JW (2009) Sulforaphane: from chemoprevention to pancre-
atic cancer treatment? Gut 58(7):900–902. https://doi.org/10.1136/
gut.2008.166694

6. Shapiro TA, Fahey JW, Dinkova-Kostova AT, Holtzclaw WD,
Stephenson KK, Wade KL, Ye L, Talalay P (2006) Safety, toler-
ance, and metabolism of broccoli sprout glucosinolates and isothio-
cyanates: a clinical phase I study. Nutr Cancer 55(1):53–62. https://
doi.org/10.1207/s15327914nc5501_7

7. Kallifatidis G, Rausch V, Baumann B, Apel A, Beckermann BM,
Groth A, Mattern J, Li Z, Kolb A, Moldenhauer G, Altevogt P,
Wirth T, Werner J, Schemmer P, Büchler MW, Salnikov A, Herr I
(2009) Sulforaphane targets pancreatic tumour-initiating cells by
NF-kappaB-induced antiapoptotic signalling. Gut 58(7):949–963.
https://doi.org/10.1136/gut.2008.149039

8. Kallifatidis G, Labsch S, Rausch V, Mattern J, Gladkich J,
Moldenhauer G, Büchler MW, Salnikov A, Herr I (2011)
Sulforaphane increases drug-mediated cytotoxicity towards cancer
stem-like cells of pancreas and prostate. Mol Ther 19:188–195

9. Labsch S, Liu L, Bauer N, Zhang Y, Aleksandrowicz E, Gladkich J,
Schonsiegel F, Herr I (2014) Sulforaphane and TRAIL induce a
synergistic elimination of advanced prostate cancer stem-like cells.
Int J Oncol 44(5):1470–1480. https://doi.org/10.3892/ijo.2014.2335

10. Appari M, Babu KR, Kaczorowski A, Gross W, Herr I (2014)
Sulforaphane, quercetin and catechins complement each other in
elimination of advanced pancreatic cancer by miR-let-7 induction
and K-ras inhibition. Int J Oncol 45(4):1391–1400. https://doi.org/
10.3892/ijo.2014.2539

11. Li Y, Zhang T, Korkaya H, Liu S, Lee HF, Newman B, Yu Y,
Clouthier SG, Schwartz SJ, Wicha MS, Sun D (2010)
Sulforaphane, a dietary component of broccoli/broccoli sprouts,
inhibits breast cancer stem cells. Clin Cancer Res 16(9):2580–
2590. https://doi.org/10.1158/1078-0432.CCR-09-2937

12. Li LY, Luo Y, Lu MD, Xu XW, Lin HD, Zheng ZQ (2015)
Cruciferous vegetable consumption and the risk of pancreatic can-
cer: a meta-analysis. World J Surg Oncol 13:44. https://doi.org/10.
1186/s12957-015-0454-4

13. Chan JM, Wang F, Holly EA (2005) Vegetable and fruit intake and
pancreatic cancer in a population-based case-control study in the
San Francisco bay area. Cancer Epidemiol Biomark Prev 14(9):
2093–2097. https://doi.org/10.1158/1055-9965.EPI-05-0226

14. Nothlings U, Wilkens LR, Murphy SP, Hankin JH, Henderson BE,
Kolonel LN (2007) Vegetable intake and pancreatic cancer risk: the
multiethnic cohort study. Am J Epidemiol 165(2):138–147. https://
doi.org/10.1093/aje/kwj366

15. Heinen MM, Verhage BA, Goldbohm RA, van den Brandt PA
(2012) Intake of vegetables, fruits, carotenoids and vitamins C
and E and pancreatic cancer risk in the Netherlands cohort study.
Int J Cancer 130(1):147–158. https://doi.org/10.1002/ijc.25989

16. Larsson SC, Hakansson N, Naslund I, Bergkvist L, Wolk A (2006)
Fruit and vegetable consumption in relation to pancreatic cancer
risk: a prospective study. Cancer Epidemiol Biomark Prev 15(2):
301–305. https://doi.org/10.1158/1055-9965.EPI-05-0696

17. Kirsh VA, Peters U, Mayne ST, Subar AF, Chatterjee N, Johnson
CC, Hayes RB, Prostate LC, Ovarian Cancer Screening T (2007)
Prospective study of fruit and vegetable intake and risk of prostate
cancer. J Natl Cancer Inst 99(15):1200–1209. https://doi.org/10.
1093/jnci/djm065

18. Han B, Li X, Yu T (2014) Cruciferous vegetables consumption and
the risk of ovarian cancer: a meta-analysis of observational studies.
Diagn Pathol 9:7. https://doi.org/10.1186/1746-1596-9-7

Invest New Drugs (2020) 38:776–784 783

http://clinicaltrials.gov
https://doi.org/10.3322/caac.21387
https://doi.org/10.1038/nrdp.2016.22
https://doi.org/10.1038/nrdp.2016.22
https://doi.org/10.1038/s41575-018-0005-x
https://doi.org/10.1007/s00394-008-2009-8
https://doi.org/10.1007/s00394-008-2009-8
https://doi.org/10.1136/gut.2008.166694
https://doi.org/10.1136/gut.2008.166694
https://doi.org/10.1207/s15327914nc5501_7
https://doi.org/10.1207/s15327914nc5501_7
https://doi.org/10.1136/gut.2008.149039
https://doi.org/10.3892/ijo.2014.2335
https://doi.org/10.3892/ijo.2014.2539
https://doi.org/10.3892/ijo.2014.2539
https://doi.org/10.1158/1078-0432.CCR-09-2937
https://doi.org/10.1186/s12957-015-0454-4
https://doi.org/10.1186/s12957-015-0454-4
https://doi.org/10.1158/1055-9965.EPI-05-0226
https://doi.org/10.1093/aje/kwj366
https://doi.org/10.1093/aje/kwj366
https://doi.org/10.1002/ijc.25989
https://doi.org/10.1158/1055-9965.EPI-05-0696
https://doi.org/10.1093/jnci/djm065
https://doi.org/10.1093/jnci/djm065
https://doi.org/10.1186/1746-1596-9-7


19. Zhao J, Zhao L (2013) Cruciferous vegetables intake is associated
with lower risk of renal cell carcinoma: evidence from a meta-
analysis of observational studies. PLoS One 8(10):e75732. https://
doi.org/10.1371/journal.pone.0075732

20. Liu B, Mao Q, Lin Y, Zhou F, Xie L (2013) The association of
cruciferous vegetables intake and risk of bladder cancer: a meta-
analysis. World J Urol 31(1):127–133. https://doi.org/10.1007/
s00345-012-0850-0

21. Liu B, Mao Q, Wang X, Zhou F, Luo J, Wang C, Lin Y, Zheng X,
Xie L (2013) Cruciferous vegetables consumption and risk of renal
cell carcinoma: a meta-analysis. Nutr Cancer 65(5):668–676.
https://doi.org/10.1080/01635581.2013.795980

22. Liu X, Lv K (2013) Cruciferous vegetables intake is inversely as-
sociated with risk of breast cancer: a meta-analysis. Breast 22(3):
309–313. https://doi.org/10.1016/j.breast.2012.07.013

23. Herr I, Buchler MW (2010) Dietary constituents of broccoli and
other cruciferous vegetables: implications for prevention and ther-
apy of cancer. Cancer Treat Rev 36(5):377–383. https://doi.org/10.
1016/j.ctrv.2010.01.002

24. Alumkal JJ, Slottke R, Schwartzman J, Cherala G, Munar M, Graff
JN, Beer TM, Ryan CW, Koop DR, Gibbs A, Gao L, Flamiatos JF,
Tucker E, Kleinschmidt R, Mori M (2015) A phase II study of
sulforaphane-rich broccoli sprout extracts in men with recurrent
prostate cancer. Investig New Drugs 33(2):480–489. https://doi.
org/10.1007/s10637-014-0189-z

25. Kensler TW, Chen JG, Egner PA, Fahey JW, Jacobson LP,
Stephenson KK, Ye L, Coady JL, Wang JB, Wu Y, Sun Y, Zhang
QN, Zhang BC, Zhu YR, Qian GS, Carmella SG, Hecht SS,
Benning L, Gange SJ, Groopman JD, Talalay P (2005) Effects of
glucosinolate-rich broccoli sprouts on urinary levels of aflatoxin-
DNA adducts and phenanthrene tetraols in a randomized clinical
trial in He Zuo township, Qidong, People's Republic of China.
Cancer Epidemiol Biomark Prev 14(11 Pt 1):2605–2613. https://
doi.org/10.1158/1055-9965.EPI-05-0368

26. Riedl MA, Saxon A, Diaz-Sanchez D (2009) Oral sulforaphane
increases phase II antioxidant enzymes in the human upper airway.
Clin Immunol 130(3):244–251. https://doi.org/10.1016/j.clim.
2008.10.007

27. Tahata S, Singh SV, Lin Y, Hahm ER, Beumer JH, Christner SM,
Rao UN, Sander C, Tarhini AA, Tawbi H, Ferris LK, Wilson M,
Rose A, Dietz CM, Hughes E, Fahey JW, Leachman SA, Cassidy
PB, Butterfield LH, Zarour HM, Kirkwood JM (2018) Evaluation
of biodistribution of Sulforaphane after Administration of Oral
Broccoli Sprout Extract in melanoma patients with multiple atypi-
cal nevi. Cancer Prev Res (Phila) 11:429–438. https://doi.org/10.
1158/1940-6207.CAPR-17-0268

28. Egner PA, Chen JG, Wang JB, Wu Y, Sun Y, Lu JH, Zhu J, Zhang
YH, Chen YS, Friesen MD, Jacobson LP, Munoz A, Ng D, Qian
GS, Zhu YR, Chen TY, Botting NP, Zhang Q, Fahey JW, Talalay P,
Groopman JD, Kensler TW (2011) Bioavailability of Sulforaphane
from two broccoli sprout beverages: results of a short-term, cross-
over clinical trial in Qidong, China. Cancer Prev Res (Phila) 4(3):
384–395. https://doi.org/10.1158/1940-6207.CAPR-10-0296

29. Lozanovski VJ, Houben P, Hinz U, Hackert T, Herr I, Schemmer P
(2014) Pilot study evaluating broccoli sprouts in advanced pancreatic
cancer (POUDER trial) - study protocol for a randomized controlled
trial. Trials 15:204. https://doi.org/10.1186/1745-6215-15-204

30. Tang CC, Draucker C, Tejani M, Von Ah D (2018) Symptom ex-
periences in patients with advanced pancreatic cancer as reported
during healthcare encounters. Eur J Cancer Care (Engl) 27(3):
e12838. https://doi.org/10.1111/ecc.12838

31. Tang CC, Von AD, Fulton JS (2018) The symptom experience of
patients with advanced pancreatic cancer: an integrative review.
Cancer Nurs 41(1):33–44. https://doi.org/10.1097/NCC.
0000000000000463

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

Invest New Drugs (2020) 38:776–784784

https://doi.org/10.1371/journal.pone.0075732
https://doi.org/10.1371/journal.pone.0075732
https://doi.org/10.1007/s00345-012-0850-0
https://doi.org/10.1007/s00345-012-0850-0
https://doi.org/10.1080/01635581.2013.795980
https://doi.org/10.1016/j.breast.2012.07.013
https://doi.org/10.1016/j.ctrv.2010.01.002
https://doi.org/10.1016/j.ctrv.2010.01.002
https://doi.org/10.1007/s10637-014-0189-z
https://doi.org/10.1007/s10637-014-0189-z
https://doi.org/10.1158/1055-9965.EPI-05-0368
https://doi.org/10.1158/1055-9965.EPI-05-0368
https://doi.org/10.1016/j.clim.2008.10.007
https://doi.org/10.1016/j.clim.2008.10.007
https://doi.org/10.1158/1940-6207.CAPR-17-0268
https://doi.org/10.1158/1940-6207.CAPR-17-0268
https://doi.org/10.1158/1940-6207.CAPR-10-0296
https://doi.org/10.1186/1745-6215-15-204
https://doi.org/10.1111/ecc.12838
https://doi.org/10.1097/NCC.0000000000000463
https://doi.org/10.1097/NCC.0000000000000463

	Broccoli...
	Abstract
	Introduction
	Methods
	Patients
	Study design
	Trial objectives
	Sulforaphane-rich, freeze-dried broccoli sprouts
	Statistical analyses

	Results
	Patient characteristics
	Study results

	Discussion
	Conclusion
	References




