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ARTICLE
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ABSTRACT
Fatigue is frequent among oncologic patients. Unpurified Paullinia
cupana dry extract showed encouraging results for chemotherapy-
induced fatigue in our previous studies. We report two randomized,
double-blind studies with a standardized dry purified Paullinia cupana
extract named PC-18. For both studies, we recruited early breast cancer
patients who had an increase in their fatigue scores after their first cycle
of adjuvant chemotherapy. In the first study, we compared an oral dose
of 37.5 mg of PC-18 twice daily with placebo. In the second study, we
examined PC-18 at either 7.5 or 12.5 mg orally twice daily versus placebo.
In both studies, PC-18 was not superior to placebo as assessed by both
Chalder and Brief Fatigue Inventory (BFI) fatigue questionnaires, proba-
bly reflecting unexpectedly good placebo antifatigue activity. Since all
capsules employed in both studies contained about 100 mg of magne-
sium silicate as an excipient, we retrospectively evaluated frozen serum
samples from the second study and found a significant increase in mag-
nesium levels after patients received placebo. By multivariate analy-
sis, higher prerandomization magnesium levels and higher BFI scores
together with the use of a 12.5 mg dose of PC-18 all correlated signifi-
cantly with higher posttreatment BFI scores. We observed no significant
toxicities in any of the trials. We conclude that the absence of differences
between PC-18 and placebo may be due to the unexpectedly high antifa-
tigue activity of the placebo in these studies. Further studies evaluat-
ing the role of magnesium supplementation for chemotherapy-induced
fatigue are needed.

Introduction

Cancer-related fatigue (CRF) is one of the most prevalent and disturbing symptoms in patients
with cancer (Campos et al., 2011). It can be secondary to anemia, depression, and thyroid
disorders and due to treatments, such as chemotherapy (Campos et al., 2011). Nevertheless,
there is little evidence for effective treatments for this symptom (Campos et al., 2011). In a
previous study, our group demonstrated encouraging results for the use of the dry unpurified
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extract of Paullinia cupana, 50 mg twice daily, for the treatment of chemotherapy-induced
fatigue in breast cancer patients receiving adjuvant chemotherapy (de Oliveira Campos et al.,
2011). Paullinia cupana is an Amazonian plant, also known as guaraná, which has been used
for many generations as a tonic by indigenous populations (Smith and Atroch, 2010).

We developed a dry, purified, and standardized extract of Paullinia cupana, PC-18, which
was shown in murine studies to be anywhere from three to four times as potent as the
unpurified extract. (Marcon et al., 2011) It is interesting to note that PC-18 showed an in vivo
anti-inflammatory effect, decreasing interleukin-6 (IL-6) and tumor necrosis factor (TNF)
levels in the brains of animals treated with intraperitoneal Escherichia coli lipopolysaccharide
(Marcon et al., 2011). We then obtained preliminary data showing clinical effects of a dose of
37.5 mg twice daily in reducing chemotherapy-induced fatigue in patients with a variety of
solid tumors (del Giglio et al., 2013).

An important criticism of these preliminary data was, however, that we included no control
group in the first phase of the study in which we observed these remarkable antifatigue effects
of PC-18 (del Giglio et al., 2013).

We, therefore, designed a double-blind cross-over randomized clinical trial in which we
employed this same dose of PC-18 but now included a placebo arm. Since we did not find any
significant difference between placebo and PC-18 effects in our previous study and our murine
studies showed PC-18 to be more potent than the natural nonpurified extract, we wondered
whether the dose of 37.5 mg twice daily was too high. Other researchers (Kennedy et al., 2008)
demonstrated that positive effects of Paullinia cupana on mental fatigue in healthy volunteers
decreased when higher doses were used. These considerations prompted us to conduct a sec-
ond randomized study in which patients received either placebo or 7.5 mg or 12.5 mg of PC-18
extract. We here report the results of these two randomized studies.

Patients and methods

Inclusion and exclusion criteria for studies 1 and 2

We recruited breast cancer patients with stages I, II, and III disease prior to their first cycle
of adjuvant systemic chemotherapy. Patients were eligible for this trial if they had an increase
in the Brief Fatigue Inventory (BFI) fatigue scale (Study 1) or in either the BFI or Chalder
(Study 2) fatigue scale score following the first cycle of chemotherapy. To assess whether there
was a change in fatigue experienced by our patients, we compared fatigue scores measured
after the first cycle of chemotherapy to the same patient scores obtained before the start of
adjuvant therapy.

Patients with uncontrolled hypertension, arrhythmias, heart disease, prior history of any
serious cardiovascular event, insomnia, depression or other psychiatric illness, anemia, or a
chronic condition that can induce fatigue such as chronic renal failure, hypothyroidism, and
fibromyalgia were excluded. Patients were advised against the consumption of beverages or
other products considered to be “energy drinks” containing caffeine during this research. No
erythropoietin was given to patients in this trial.

Our institutional review board approved both Study 1 (number: 13382413.2.0000.0082)
and Study 2 (number: 34327214.1.1001.0082). We also registered both studies in the clini-
caltrials.gov database. Each patient signed an informed consent form before entry into the
study and it was approved by the ethics committee. Prerandomization data from Study 1 have
already been published for fatigue biomarker assessment (Cruz et al., 2015).
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Experimental design

Clinical study 
Those patients whose scores on the BFI and Chalder questionnaires increased following the
first cycle of chemotherapy were randomized (1:1 ratio) in a double-blind fashion to either
placebo or PC-18 given orally at a dose of 37.5 mg twice daily. After three weeks, patients
receiving placebo were crossed over to receive PC-18 and vice versa. Before the crossover,
patients had a week without any treatment (washout period).

The patients answered questionnaires (BFI and Chalder) for evaluation of fatigue before the
first, second, and third cycles of chemotherapy. Both Chalder and BFI scales were previously
validated in Portuguese (Cho et al., 2007) (The University of Texas MD Anderson Cancer
Center, Texas, USA).

Clinical study 
This study was a phase II randomized double-blind clinical trial in which we compared PC-18
doses of 7.5 mg and 12.5 mg given orally twice daily compared with placebo for the treatment
of fatigue in women with early breast cancer scheduled to receive their first cycle of adju-
vant systemic chemotherapy. As described, we randomized patients to the three experimental
arms in a 1:1:1 fashion only if they experienced any increase in the scores of either the BFI or
Chalder fatigue scales following cycle 1 of chemotherapy. Exclusion criteria were the same as
described in the preceding.

We evaluated all patients with both the BFI and Chalder scales before their first cycle of
chemotherapy, just before the second cycle of chemotherapy when we randomized them, and
again 21 days after randomization.

PC-18 and placebo

Standardized dried extract from Paullinia cupana (PGUR0062F) was subjected to 70% ethyl
alcohol extraction and, after evaporation, yielded a purified extract with 0.096% theobromine,
as determined by high performance/pressure liquid chromatography (HPLC). The content of
caffeine was 16%. LP, one of the coauthors of this study, produced the PC-18 we employed in
this study at the Kyolab laboratory (http://www.kyolab.com.br).

Placebo consisted of capsules similar to the PC-18 capsules containing magnesium stearate
0.5%, aerosil 1%, lauryl sodium sulfate 1%, cellulose 10%, cornstarch 55%, pharmaceutical talc
31.5%.

Toxicity assessment

In both trials, we evaluated the toxicities according to the CTCAE version 4 criteria 10.

Primary endpoint and sample size calculation for clinical studies 1 and 2

The primary endpoint of both studies was the percentage of patients with at least one standard
deviation decrease in the score of the BFI questionnaire obtained 21 days after randomization
when compared with the BFI score obtained just before randomization. In a previous Study
2, we observed a decrease in at least one standard deviation in the FACIT-F scale in 52%
of participants receiving Paullinia cupana versus 10% for the placebo group. Thus, using an

http://www.kyolab.com.br
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estimated difference of 40% between the arms 21 days after randomization, assuming a one-
tail type I error of 0.05 and a power of 0.80, we estimated that we would need at least 14
patients in each arm. Assuming that we would have a 10% dropout rate in each arm in Study
1, we calculated that we would need at least 16 patients per arm. For Study 2, we assumed that
we there would be more dropouts, so we planned to recruit 25 patients per arm.

Statistical analysis for studies 1 and 2

To assess possible associations between qualitative variables, we used the chi-square or Fisher
exact tests. For quantitative variables, we assessed the normality of their distributions by the
Kolmogorov-Smirnov test before the application of either the parametric or nonparametric
tests. The significance level was 5%. We conducted all statistical calculations with the NCSS
software (http://www.ncss.com/).

For the statistical analysis of Study 1, we combined both placebo and PC-18 phases before
and after the crossover.

Results

Results of clinical study 1

Forty-three patients were included in this study. Table 1 shows their clinical characteristics.
Eleven study participants did not experience any worsening of their BFI fatigue scores and
were excluded. The remaining 32 patients were randomized to receive either placebo or
PC-18 in the first phase of the randomized study and were subsequently crossed over to the
other experimental arm (Figure 1, panel A).

We noted that the scores of Chalder and BFI fatigue questionnaires did not show the supe-
riority of PC-18 over placebo (Figure 2). We also observed no statistically significant differ-
ence between the proportion of patients who had at least a one-standard-deviation decrease
in either the BFI or Chalder fatigue score when we compared PC-18 and placebo (Table 2).

Results of clinical study 2

We selected 101 patients for this study, whose clinical characteristics are also shown in Table 1.
We excluded 23 patients because of no worsening of either the BFI or Chalder scores before
randomization, after the first cycle of chemotherapy. We also excluded six patients because
we could not obtain minimal information necessary to evaluate them for our study endpoints
(none of them dropped out from the study because of toxicity). As shown in Figure 1, panel B,
we randomized 72 patients to placebo, PC-18 12.5 mg dose level, or PC-18 7.5 mg dose level.

Similar to what we observed in Study 1, we could not find any significant differences
in either BFI or Chalder change scores between any of the PC-18 dose levels and placebo
(Figure 3). Likewise, we did not observe any significant differences in the proportion of
patients who had at least a one-standard-deviation decrease in either BFI or Chalder scores
when we compared PC-18 at the two dose levels employed and placebo (Table 2).

When we analyzed our results, we were surprised by the substantial antifatigue activity of
the placebo that we noted in both studies. We noted upon further evaluation that all capsules
we used contained 100 mg of magnesium silicate as an excipient. We then measured magne-
sium levels in all blood samples from Study 2. We noted a significant increase in serum mag-
nesium levels of the placebo-treated patients (p = .05) in parallel to its significant antifatigue

http://www.ncss.com/
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Table . Demographic and clinical characteristics Study  and Study .

Demographic characteristics

Study  Study 

Placebo PC- Placebo PC-: . mg PC-: . mg

Characteristic No. % No. % No. % No. % No. %

Age (years)
Mean . .   

Stage
I  .  .    .  
II  .  .    .  .
III  .  .    .  .

Histopathologic type
Invasive ductal    .      .
Invasive lobular    .      .
Other    .      

Biological features
ER+ PR+ HER-  .  .    .  .
HER+  .  .    .  
TNBC  .  .    .  .

Chemotherapy
Adjuvant  .  .    .  .
Neoadjuvant  .  .    .  .

Comorbidities
None  .  .      .
Hypertension  .  .    .  .
Diabetes mellitus    .    .  .
Other        .  .

Menopausal status
Pre  .  .    .  .
Post  .  .    .  .

Race No data
White    .  .
Non-White    .  .

Occupation No data
No      .
Yes      .

ER = estrogen receptor; PR = progesterone receptor; HER = human epidermal growth receptor; TNBC = triple negative breast
cancer.

Figure . Flow charts for Studies  and  are depicted in panels A and B, respectively. Both panels show the
number of enrolled and excluded patients. Those patients were not randomized and were considered as
controls. Patients randomized in each study for the different PC- doses are depicted as well.
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Figure . (A) Chalder fatigue scores and (B) BFI scores throughout Study  in each arm. In Groups  and
, Chalder scores increased after the first cycle of chemotherapy; at this time, patient was randomized to
receive either placebo or PC-. After  days of treatment, patients decreased Chalder scores in both groups,
placebo and PC-. The same phenomenon happened to BFI score. There was no superiority of PC- over
placebo.  = patients who started in the placebo group;  = patients who started in the PC- group;
CHTria = Chalder score before first cycle of chemotherapy; CHRand = Chalder score after worsening
of fatigue (after first cycle of chemotherapy); CHPC = Chalder score after  days of PC- treatment;
CHPC = Chalder score after  days of PC- treatment; CHPlac = Chalder score after  days of placebo
treatment. (C) Chalder fatigue scores and (D) BFI scores throughout Study  in each arm. Chalder scores
increased after first cycle of chemotherapy in all three groups; at this time, patient was randomized to
receive either placebo or PC-, at . mg or . mg. After  days of treatment, patients decreased Chalder
scores in PC- and placebo groups. The same phenomenon happened to BFI scores. In both dosages, there
was no superiority of PC- over placebo.  = placebo group;  = PC- . mg group;  = PC- . mg
group; CHTria = Chalder score before first cycle of chemotherapy; CHRand = Chalder score after worsening
of fatigue (after first cycle of chemotherapy); CHTx = Chalder score after  days of treatment. BFI = Brief
Fatigue Inventory.

activity (Figure 3). We observed no significant difference in calcium levels between placebo
and PC-18 groups.

Since we found no significant differences between any of the doses of PC-18 and placebo,
we conducted both univariate and multivariate analyses including all randomized patients
(Table 3). By multivariate analysis, involving all included patients in the second study, higher
prerandomization magnesium levels and higher BFI scores together with the use of the
12.5 mg dose of PC-18 all correlated significantly with higher posttreatment BFI scores



JOURNAL OF DIETARY SUPPLEMENTS 7

Table . Standard deviation Study  and Study .

Chalder BFI

>  SD >  SD

Yes No p Yes No p

Study 
. mg Yes   .   .

No    
Study 
. mg Yes    

No   .   .
. mg Yes    

No   .   .

SD = standard deviation; BFI = Brief Fatigue Inventory.

(Table 3). When we evaluated the Chalder scores postrandomization, we did not find that any
of the variables mentioned were significantly associated with Chalder scores by multivariate
analysis.

We observed no significant toxicities in either of the two studies (Table 4).

Discussion

We previously reported encouraging results with the use of a dry nonpurified extract of
Paullinia cupana in breast cancer patients with chemotherapy-induced fatigue. Since many
different extracts of Paullinia cupana are available in the Brazilian market, we decided to purify
and standardize an extract we named PC-18. We first conducted murine studies of PC-18 that
was shown to be three to four times as potent as the dry nonpurified Paullinia cupana extract
in circumventing the behavior changes and cytokine abnormalities induced by intraperitoneal
endotoxin injection (Marcon et al., 2011).

Previous noncontrolled studies showed that PC-18 was effective in reducing fatigue scores
in patients with a variety of solid tumors treated with chemotherapy (del Giglio et al., 2013).
The two randomized studies reported here attempted to evaluate the antifatigue efficacy of

Figure . Levels of magnesium throughout Study  in each arm. Magnesium levels decreased after first cycle
of chemotherapy and increased after  days of treatment in placebo group; this change was statistically
significant.  = placebo;  = PC- . mg;  = PC- . mg; Mgbase = magnesium level before first cycle
of chemotherapy; Mgpre = magnesium level after first cycle of chemotherapy after worsening of fatigue;
Mgpos = magnesium level after  days of randomization.



8 C. V. D. M. SETTE ET AL.

Table . Univariate and multivariate analysis.

Univariate Multivariate

Chalder BFI Chalder BFI

Placebo vs. PC- p = . p = . R = .
p = .

Weight R = . R = .
p = . p = .

Age R = . R = .
p = . p = .

Menopausal status p = . p = .
Race p = . p = .
BFI pre — R = . R = .

p = . p = .
Chalder pre R = . —

p = . —
Hads pre R = . R = .

p = . p = .
Magnesium pre R = . R = . R = .

p = . p = . p = .
Magnesium post R = . R = . R = .

p = . p = . p = .

BFI = Brief Fatigue Inventory.

PC-18 in chemotherapy-induced fatigue. We chose to limit our study to breast cancer patients
for whom adjuvant chemotherapy was to be started in order to have a homogenous sample of
patients.

It is interesting to note that the first of the two studies did not show a significant difference
between the 37.5 mg twice daily (bid) dose of PC-18 and placebo. We hypothesized that the
doses of PC-18 we employed in this study were too high, as previously reported data showed
loss of antifatigue efficacy when the dose of Paullinia cupana was increased beyond a certain
level. We, therefore, decided to investigate two lower doses of 7.5 and 12.5 mg of PC-18 in
a second randomized, double-blind, placebo-controlled study. Even though our results again

Table . Toxicities by grade reported by patients in each arm: Study  and Study .

Toxicities by grade reported by patients in each arm: STUDY 
Grades – Grades –

Placebo PC- Placebo PC-

Toxicities No. % No. % No. % No. %

Insomnia        .
Anxiety  .  .    
Epigastric pain  .      
Tachycardia  .  .    

Toxicities by grade reported by patients in each arm: STUDY 
Grades – Grades –

Placebo PC- Placebo PC-

Toxicities No. % No. % No. % No. %

Insomnia        
Mucositis    .    
Epigastric pain    .    
Tachycardia        

All reported adverse effects were Common Terminology Criteria for Adverse Events v criteria .
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showed the antifatigue activity of PC-18, it was not significantly different from that of the
placebo.

When we compared the data that we obtained with PC-18 in these two studies with our
previous Study 2, we noted a relatively comparable activity of Paullinia cupana and PC-18
throughout the studies. The most striking difference, however, occurred in the placebo arms
of these studies. We observed that the placebo effect was much more pronounced in the two
studies here reported, which probably precluded the appearance of a significant antifatigue
efficacy difference between placebo and PC-18.

One hypothesis to explain our findings is the amount of magnesium present in the placebo
capsules we used. We estimate, from the quantity of pharmaceutical talc employed, that
patients in the placebo and PC-18 arms received about 200 mg a day of magnesium sili-
cate. In fact, in Study 2, placebo-treated patients had a significant increase in their magne-
sium levels after they received placebo capsules. Magnesium may have antifatigue effects as
shown already by Gamelin et al. (2004), Park et al. (2011), and Carroll et al. (2000). Gamelin
et al., 2004 gave intravenous magnesium to colorectal cancer patients to prevent oxaliplatin-
induced neuropathy and showed magnesium-treated patients had less asthenia than those
who received placebo. Park et al. (2011) and Carroll et al. (2000) gave a magnesium-containing
supplement to breast cancer patients and healthy volunteers. Both authors showed improve-
ments in fatigue in the groups of patients who received magnesium. It is possible, there-
fore, that the placebo we used may indeed have antifatigue properties, not being an inert
placebo.

One interesting finding that deserves explanation is why higher prerandomization mag-
nesium levels correlated significantly with worse fatigue. One possibility might be that
patients with higher magnesium levels may not derive antifatigue benefits from magnesium
supplementation.

We cannot exclude that, similarly to the placebo pills, the magnesium content present in
the PC-18-containing capsules we used could also be responsible for some of its antifatigue
effects. Interestingly, in Study 2, there were no significant increases in magnesium levels in
both PC-18–treated groups despite the capsules containing magnesium. It is possible that
the diuretic effects of methylxanthines such as caffeine and theobromine 14, both present in
Paullinia cupana extracts, may have produced a loss of magnesium, which may have decreased
magnesium supplementation effects in PC-18–treated patients. Nevertheless, we believe that
we need to study PC-18 formulated with an inert excipient against a placebo without magne-
sium to assess its antifatigue effects.

Our findings regarding the potential antifatigue effects of magnesium supplement need
confirmation. Since this is an unexpected finding coming from an unplanned analysis, we
cannot exclude bias, such as attrition bias, or even that findings may have been due to chance,
because of the small number of patients included in this subgroup.

We have previously shown that prechemotherapy fatigue scores correlate directly and sig-
nificantly with posttreatment scores on both Chalder and BFI scales (Araujo, JK, American
Journal of Hospice and Palliative Care, 2016). We have also observed substantial deviations
in the correlations with either Chalder or BFI scales. It is possible that this lack of corre-
lation is due to intrinsic differences between fatigue instruments. In fact, the Chalder scale
is multidimensional, evaluating both mental and physical domains, whereas the BFI scale is
unidimensional. Furthermore, the Chalder scale refers to fatigue experienced in the past two
weeks, whereas the BFI scale refers to the past 24 hours. Similar findings were reported by our
group previously (Araujo, JK, American Journal of Hospice and Palliative Care, 2016).



10 C. V. D. M. SETTE ET AL.

We conclude that our data regarding PC-18 antifatigue effects need confirmation against an
inert placebo, and magnesium supplementation needs further systematic study as a potential
antifatigue strategy in this group of patients.
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