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Abstract
Purpose  Breast cancer patients receiving hormonal therapies face risks of relapse, increased rates of cardiovascular events, 
and toxicities of therapy such as aromatase inhibitor (AI)-associated musculoskeletal symptoms (AIMSS). C-reactive protein 
(CRP), a marker for inflammation, is associated with breast cancer outcomes. We evaluated whether the olive-derived poly-
phenol hydroxytyrosol combined with omega-3 fatty acids and curcumin would reduce CRP and musculoskeletal symptoms 
in breast cancer patients receiving adjuvant hormonal therapies.
Experimental design  This prospective, multicenter, open-label, single arm, clinical trial enrolled post-menopausal breast 
cancer patients (n = 45) with elevated C-reactive protein (CRP) taking predominantly aromatase inhibitors to receive a com-
bination of hydroxytyrosol, omega-3 fatty acids, and curcumin for 1 month. CRP, other inflammation-associated cytokines, 
and pain scores on the Brief Pain Inventory were measured before therapy, at the end of therapy and 1 month after comple-
tion of therapy.
Results  CRP levels declined during the therapy [from 8.2 ± 6.4 mg/L at baseline to 5.3 ± 3.2 mg/L (p = 0.014) at 30 days 
of treatment], and remained decreased during the additional 1 month off therapy. Subjects with the highest baseline CRP 
levels had the greatest decrease with the therapy. Pain scores also decreased during the therapy. There were no significant 
adverse events.
Conclusions  The combination of hydroxytyrosol, omega-3 fatty acids, and curcumin reduced inflammation as indicated by a 
reduction in CRP and reduced pain in patients with aromatase-induced musculoskeletal symptoms. Longer studies comparing 
this combination to other anti-inflammatories in larger groups of patients with clinical outcome endpoints are warranted.

Keywords  CRP · AI-musculoskeletal syndrome · Brief pain index

Introduction

Breast cancer patients face numerous medical challenges. 
Recurrences as late as 15–20 years from diagnosis remain 
a risk [1, 2] and as this risk recedes, cardiovascular events 
assume increased importance [3]. Toxicities of therapy such 
as aromatase inhibitor (AI)-associated musculoskeletal 
symptoms (AIMSS), manifesting as arthralgias and myal-
gias in > 50% of those treated, frequently compromise qual-
ity of life, limit compliance, and prompt early drug discon-
tinuation [4–10] which has been associated with increased 
mortality [11]. A number of lifestyle modifications—exer-
cise [12–14], weight loss, and dietary enhancements [15, 
16]—have been proposed to improve survival and ameliorate 
these complications, but long-term adherence may be chal-
lenging to achieve [17], indicating the need for additional 
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convenient, well-tolerated interventions aimed at the under-
lying pathogenesis.

Chronic inflammation contributes to carcinogenesis [18] 
and promotion of existing breast cancer [19, 20] and is a fac-
tor in complications related to breast cancer therapy [21–23]. 
Chronic inflammation-induced carcinogenesis results in 
part from generation of DNA-damaging reactive oxygen 
and nitrogen species under the influence of inflammatory 
cytokines, while the inflammatory microenvironment of 
established cancers promotes tumor growth and progression, 
epithelial-mesenchymal transition, angiogenesis, metasta-
ses, and resistance to therapy and immune attack [24–27]. 
Although the underlying mechanisms of aromatase-associ-
ated arthralgias are debated, inflammation is likely a con-
tributing factor [22, 28], particularly at the local joint level 
[29–31].

An emerging understanding of the inflammatory state 
suggests that disparate pathogenic events converge on a 
common cascade of inflammatory cytokines [32] origi-
nating with inflammasome-mediated activation of IL-1β 
and subsequently interleukin-6 (IL-6). One well-described 
downstream inflammatory marker is C-reactive protein 
(CRP) generated in the liver in response to IL-6 produced 
by macrophages and T cells [33]. While it is unclear whether 
CRP itself mediates the pathogenic effects of inflammation, 
elevated levels of CRP are associated with increased risk of 
cardiovascular disease and overall mortality [34, 35], and 
are correlated with decreased survival in patients with meta-
static cancer [36]. The Health, Eating, Activity and Lifestyle 
(HEAL) study demonstrated that elevated circulating CRP 
concentrations measured 31 months after diagnosis of breast 
cancer were related to a reduction in overall survival, regard-
less of age, tumor stage, race, and body mass index [37]. 
Furthermore, in a prospective cohort of Danish women with 
invasive breast cancer, elevated CRP levels at diagnosis had 
a negative impact on overall and disease-free survival, more 
so as the CRP levels increased [38]. A meta-analysis also 
concluded that higher CRP levels carried a poorer prognosis 
in breast cancer [39]. Other recent reports have reached simi-
lar conclusions and it has also been suggested that therapies 
whose effect can be measured by a reduction in CRP may 
improve outcome of breast cancer [25, 40].

Although there are a number of agents that reduce inflam-
mation (NSAIDS, statins, corticosteroids, DMARDS), 
all carry risks of serious toxicity and may not adequately 
address the underlying inflammatory state [41]. Certain 
diets, however, such as the Mediterranean diet can achieve 
lower levels of inflammation, and are associated with lower 
risk of breast cancer in post-menopausal women [42] and 
reductions in cardiovascular events. The high extra virgin 
olive oil (EVOO) content of the Mediterranean diet [43] 
is one of the components thought to be responsible for this 
benefit. Indeed, in the PREDIMED study [44], a trial of 

patients at high cardiovascular risk who were randomized to 
a Mediterranean diet supplemented with extra-virgin olive 
oil, a Mediterranean diet supplemented with mixed nuts, 
or a control low fat diet, major cardiovascular events were 
reduced in those receiving the olive oil or nuts. CRP and 
IL-6 were significantly reduced by the Mediterranean diet 
with olive oil [45].

The PREDIMED study provided approximately 1 L per 
week of EVOO which carries with it excess fats and calo-
ries and, in populations that do not routinely use olive oil, 
possibly diminished adherence. Among the components of 
EVOO most likely to affect inflammation are the polyphe-
nols (including oleuropein, tyrosol, and the most common, 
hydroxytyrosol [46–48]. Administration of olive fruit or 
olive leaf extracts containing hydroxytyrosol or purified 
hydroxytyrosol to mice and humans has a number of anti-
oxidant and anti-inflammatory effects [29, 48–50]. Further, 
hydroxytyrosol reduced osteoarthritis (OA) related genes 
in human chondrocytes displaying OA-like features [51]. 
Therefore, we hypothesized that hydroxytyrosol adminis-
tration to breast cancer patients would reduce inflamma-
tory mediators associated with malignancy, cardiovascular 
disease and the musculoskeletal complications of therapy 
and would ultimately be associated with a better survival 
and quality of life. Further, as there has been considerable 
interest in the benefits of other natural products which also 
reduce chronic inflammation such as omega-3 fatty acids 
and curcumin [52–54], we developed an encapsulated com-
bination of olive fruit-derived hydroxytyrosol, omega-3 fatty 
acids, and curcumin (PureVida™) and conducted a prospec-
tive, short-term study to assess its effects on inflammation 
measured by CRP levels and pain in breast cancer patients 
receiving adjuvant hormonal therapy.

Methods

Study design

This was a prospective, multi-center, open-label, single-arm 
clinical trial. The protocol was approved by the individual 
institutional review boards/research ethics committees of 
the seven participating centers. The study was registered in 
www.clini​caltr​ials.gov (NCT01819948) and conducted in 
compliance with the Declaration of Helsinki and the Good 
Clinical Practice Guidelines.

Participant selection

Eligible participants were post-menopausal women 
with histopathological diagnosis of AJCC Stage 0-IIIA, 
ER + and/or PR + breast cancer with gross total resec-
tion, more than 12 months from their initial surgery for 

http://www.clinicaltrials.gov
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breast cancer, at least 6 months since last chemotherapy, 
with no evidence of disease, ECOG 0–1, receiving adju-
vant hormonal therapy (letrozole, anastrazole, exemes-
tane or tamoxifen) at a stable dose for at least 3 months 
at trial entry. They were excluded if average intake of 
aspirin was > 80  mg/day, ibuprofen > 800  mg/day or 
naproxen > 500 mg/day, any intake of celecoxib or other 
COX-2 inhibitors, presence of known autoimmune disease 
or inflammatory disorder, or any condition requiring the 
use of systemic corticosteroids or bisphosphonates. All 
participants signed informed consent approved by their 
respective institution’s ethics review board before study 
entry. After enrollment, all participants agreed to abstain 
from any dietary supplements, olives or extra virgin olive 
oil for 1 month prior to trial enrollment and during the 
trial.

Interventions and measurements

Prior to initiating the study investigational product, subjects 
underwent two consecutive blood draws within 5 ± 2 days 
of each other. CRP was measured using the standard high-
sensitivity assay at each institution. Only those with an aver-
age CRP > 3.9 mg/L (the cutoff at which Pierce and al. [37] 
found an association between CRP level and survival) were 
enrolled into the study. Subsequently, all enrolled patients 
took three capsules of PureVida™ (subsequently referred to 
as EPA/DHA/hydroxytyrosol/curcumin) per day for 30 days 
(two in the morning during breakfast and one in the evening 
during dinner). Each active capsule contained 460 mg of fish 
oil (EPA and DHA), 125 mg of Hytolive® powder (12.5 mg 
of natural hydroxytyrosol), and 50 mg extract of curcumin 
(47.5 mg curcuminoids). At 30 and 60 days (i.e., at the 
completion of the treatment period and then 1 month after 
completing the treatment period), two blood draws within 
5 ± 2 days of each other were obtained. CRP, IL-6, SAA, 
IFNγ, TNFα, IL-10, IL-15, TGFβ, IGF-1, total cholesterol, 
HDL, LDL and triglycerides were measured in each sample.

To evaluate the impact of the EPA/DHA/hydroxytyrosol/
curcumin on pain, the Brief Pain Intensity Score (BPI-SF) 
[55] was used. This is a general pain scale for cancer patients 
and has been used for non-cancer pain. It was selected as 
there are no well-validated measures specifically designed 
for arthralgia. The BPI-SF is a 14-item questionnaire that 
asks subjects to rate pain over the last 24 h (worst, least, 
average and actual pain) and the degree to which it interferes 
with daily activities on a 0–10 scale, where higher scores 
indicate more pain. This is one of the most widely used and 
reliable scales to assess pain changes in cancer patients. Sub-
jects were asked to complete this questionnaire at baseline 
and at week 2 and 4 during therapy to evaluate possible 
changes in their pain.

Endpoints and statistical analysis

The primary endpoint was the change in CRP levels associ-
ated with EPA/DHA/hydroxytyrosol/curcumin administra-
tion. A significant decrease was defined as a decrease of 
mean CRP levels of at least 1.3 mg/L using the average of 
the two blood draws prior to study product administration 
as the baseline. To achieve statistical significance (p < 0.05), 
we estimated that 45 subjects would be required to provide a 
statistical power of 80% to detect a significant CRP decrease. 
The mean of the results of the two pre-treatment blood sam-
ples was compared with the mean of the results of the two 
post-treatment samples, applying the Student’s t test. If at 
any point of the study, one of the two CRP levels was miss-
ing, then the remaining available determination was used 
for the analysis.

The secondary endpoint was the “worst pain” item (item 
2) of the BPI-SF. The effect of the EPA/DHA/hydroxytyro-
sol/curcumin on pain was evaluated comparing the patients’ 
self-reported pain severity index and worst pain assessments 
performed at baseline, 2 weeks and 4 weeks after starting 
study product administration. To this purpose, a paired sam-
ple t test was performed. Statistical significance was defined 
as p value < 0.05. Data about possible adverse events related 
to the study investigational product was evaluated according 
to the criteria of the National Cancer Institute (NCI-CTCAE) 
version 4.

Results

Baseline characteristics of the study participants

From September 2012 to June 2015, 212 participants signed 
consent for the study. Out of these, 49 had a mean basal 
CRP > 3.9 mg/L and fulfilled all other eligibility criteria. 
Three of these did not start the treatment and were excluded, 
one stopped treatment due to an unplanned surgery, and 45 
patients completed treatment as established per protocol. 
The participant characteristics are shown in Table 1. Sub-
jects had a median age of 57 years (range 40–81) and were 
34.8 months from their diagnosis of breast cancer. Median 
body mass index was in the upper range of the overweight 
category. Sixty-seven [67] percent were receiving an adju-
vant aromatase inhibitor and 33% were receiving tamoxifen.

CRP levels decrease with EPA/DHA/hydroxytyrosol/
curcumin

CRP values were available at baseline and day 30 (end 
of treatment) for 45 participants (Table 2). Mean (± SD) 
CRP at baseline was 8.2 ± 6.4  mg/L. On day 30, mean 
CRP was 5.3 ± 3.2 mg/L (p = 0.014), for a mean decrease 
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in CRP of 2.8 mg/L (mean decrease 18.5%). At day 60, 
39 of the patients had available CRP values, with a mean 
value of 5.7 ± 4.3, representing a sustained decrease in CRP 
(p = 0.064 Student’s t, p < 0.02, Wilcoxon test). One subject 
had particularly high CRP levels (mean 41.9 mg/L) at base-
line in the absence of infection. To determine whether this 
individual’s data affected the overall results of the study, we 
re-evaluated mean and median CRP levels with their data 
removed. Again, there was a statistically significant decrease 
in mean CRP [7.4 ± 3.9 mg/L at baseline and 5.3 ± 3.2 mg/L 
at day 30 (mean decrease 1.9 ± 4.5 mg/L, p = 0.006)] and 
median CRP (5.7 mg/L at baseline and 5.1 mg/L at day 30 
(decrease of 1.2 mg/L, p = 0.003). The percentage decrease 
in CRP was the greatest in those individuals with the high-
est baseline CRP levels (Table 3). For example, for those 
with baseline CRP > 9.75, there was a 49% decrease in CRP, 

whereas for those with baseline CRP between 9.75 and 5.85, 
there was a 26.2% decrease in CRP, between day 0 and day 
30.

Pain score decreases while on therapy

Of the 39 patients with available basal BPI worst pain score, 
26 completed the inventory after treatment at day 30. At 
baseline, average ± standard deviation BPI worst pain score 
was 3.9 ± 3.1. After 30 days of treatment, there was a mean 
reduction of 1.6 points (p = 0.011), which corresponds to 
a 21.5% decrease. Average basal pain severity index score 
was 2.9 ± 2.4, and showed an average decrease after treat-
ment at day 30 of 1.2 points (p = 0.008), corresponding to a 
26.6% decrease. All the individual items of the pain severity 
index, except “average pain”, showed a statistically signifi-
cant decrease after 30 days of treatment including “lowest 
pain level” (p = 0.045, 0.9 points drop; 20% decrease) and 
“current pain” (p = 0.004; 1.5 points drop; 45% decrease 
(Table 4).

To determine the effect of EPA/DHA/hydroxytyrosol/
curcumin in those who had greater levels of pain, we sepa-
rately analyzed the pain score in those with a reported basal 
pain score > 4 points (n = 17, 44%) who completed the BPI-
score after treatment (n = 14). The average pre-treatment BPI 
worst pain score was 6.8 ± 1.5 and after 30 days treatment, 
there was an absolute decrease of 2.8 points (p = 0.005), cor-
responding to a 38% decrease. The average BPI pain severity 
index basal score was 5.75 ± 1.53, and showed a reduction 
for these patients of 2.36 points (p = 0.044), a mean reduc-
tion of 38%.

Analysis of inflammatory biomarkers and blood 
lipids

There was a decrease in IFN-gamma levels of 8.7% 
(p = 0.056) at day 30 compared with baseline levels; the 
remaining inflammatory biomarkers (IL-6, SAA, TNFα, 
IL-10, TGFβ, and IGF-1) were stable over the period of the 
study (Supplementary Table 1). In the lipid profile, a 7% 

Table 1   Participant characteristics

Age (median, year) 57.3 (range 40–81)
Body mass index (n = 27) 28.9 (range 19.3–38.3)
Relevant comorbid conditions
 Type 2 diabetes mellitus 2 (4.3%)
 Hypercholesterolemia/dyslipidemia 9 (19.6%)
 Hypertension 12 (26%)

Time since diagnosis of breast cancer 
(median, mo)

34.8

Breast cancer subtype
 Infiltrating ductal 37 (80.4%)
 Infiltrating lobular 5 (10.8%)
 Other 4 (8.7%)

Stage at diagnosis (n = 45)
 I 23 (51.1%)
 II 19 (42.2%)
 IIIA 3 (6.7%)

Previous chemotherapy 32 (69.6%)
Previous radiotherapy 40 (87%)
Current hormonal therapy
 Aromatase inhibitor 31 (67.3%)
 Tamoxifen 15 (32.6%)

Table 2   CRP levels (mg/L)

Statistical significance Students t
a Dif. D30-baseline
b Dif. D60-baseline
c Wilcoxon test

Baseline D30 Shifta p value D60 Shiftb p value

Mean 8.2 ± 6.4 5.3 ± 3.2 − 2.8 0.014 5.7 ± 4.3 − 2.5 0.064 (0.02c)
Median 5.8 5.1 − 1.2 4.4 − 2.2
Minimum 3.9 0.7 0.6
Maximum 41.9 15.3 20.9
N 46 45 39
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decrease (p = 0.011) in triglycerides was observed, while 
HDL did not differ from basal values and there was a non-
significant increase in LDL (8.8%, p = 0.054).

Adverse events

Adverse events (AEs) are reported for all 46 participants 
who initiated therapy (Table 5). In general, the EPA/DHA/
hydroxytyrosol/curcumin was associated with few adverse 
events. Constipation and abnormal or a fish taste were the 
most common. No clinically relevant adverse events were 
reported, and no subjects withdrew from treatment due to 
AEs.

Discussion

This study was intended to provide proof of principal that a 
combination of olive fruit-derived hydroxytyrosol, omega-3 
fatty acids, and curcumin could reduce pathologic inflamma-
tion as suggested by CRP levels and improve pain in breast 
cancer patients who were stable on adjuvant hormonal ther-
apy. The results of our study show a significant decrease in 
pain and CRP levels after continuous administration of this 
combination. After a 30-day treatment period, women with 

baseline CRP levels > 3.9 mg/L had a decrease of 2.8 mg/L 
(p < 0.014) between day 0 and day 30 (mean decrease from 
the basal level was 18.5%) which persisted at day 60 despite 
stopping the capsules 30 days prior. The BPI “worst pain” 
score decreased by 21.5% after 30 days.

CRP was chosen as the major endpoint for this study 
because it can be routinely measured in hospital labora-
tories and is consistently associated with worse outcomes 
from malignancy and cardiovascular disease. Although it 
is acknowledged that CRP is not likely the effector in these 
processes, it is likely a surrogate marker for those that are. 
For example, CRP is downstream of IL-6 which itself has 
protumorigenic activities [56] and it is downstream of 
IL-1β which may be a driver of cardiovascular disease [33]. 
Although we did not detect differences in peripheral blood 
IL-6 or IL-1β, it is possible that levels could vary in tumor 
or vascular microenvironments.

The inclusion criteria required a CRP level > 3.9 mg/L 
at baseline and subjects to be more than 1 year from their 
initial surgery for breast cancer to test the effect of EPA/
DHA/hydroxytyrosol/curcumin in subjects with clinically 
relevant levels of inflammation, but also far enough from 
their cancer diagnosis and therapy that it was unlikely acute 
inflammation was driving the elevated CRP. We note that 
there is precedence for this choice. Pierce [37], using data 

Table 3   CRP decrease in subjects with different baseline CRP levels

*T Student test
**Wilcoxon
***(% reduction)

CRP D0 class CRP D0 CRP D30 Shift (D30–D0) p value CRP D60 Shift (D60–D0) p value Shift (D60–D30) p value

>9.75
 Mean 13.3 ± 3.6 7. ± 4.12 − 12.0 ± 16.4 

(49.4)***
0.019* 7.1 ± 4.2 − 13.0 ± 17.3 

(50.7)***
0.032* 0.4 ± 2.5 

(− 21.6)***
0.658*

 Median 11.8 9.1 − 7.7 0.015** 6.2 − 8.2 0.036** 0.0 0.674**
 Minimum 9.9 2.2 − 52.6 2.2 − 52.5 − 3.5
 Maximum 19.8 11.8 0.6 15.4 4.5 4.0
 N 10 9 9 8 8 8

>5.85 and 9.75 = <
 Mean 7.6 ± 1.4 5.5 ± 2.7 − 2.2 ± 3.0 

(26.2)***
0.038* 5.5 ± 5 − 2 ± 5.1 (25.2)*** 0.278* 0.0 ± 4.5 (− 7.7)*** 0.992*

 Median 7.5 5.4 − 1.7 0.050** 3.3 − 2.8 0.260** 0.1 0.678**
 Minimum 6.0 1.1 − 8.0 1.2 − 7.8 − 5.5
 Maximum 9.7 10.1 1.7 15.4 8.9 10.6
 N 11 11 11 9 9 9

≤ 5.85
 Mean 4.8 ± 0.5 4.6 ± 2.9 − 0.2 + 2.9 (3.1)*** 0.733* 5.3 ± 4.3 0.6 ± 4.3 

(− 12.2)***
0.560* 0.7 ± 4.8 

(− 38.2)***
0.543*

 Median 4.8 4.4 − 0.5 0.301** 4.4 − 0.1 0.715** 0.4 0.259**
 Minimum 3.9 0.7 − 4.1 0.6 − 4.4 − 9.7
 Maximum 5.8 15.3 10.1 20.9 15.9 17.8
 N 24 24 24 21 21 21
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from the Health, Eating, Activity, and Lifestyle (HEAL) 
Study of stage 0 to IIIA breast cancer patients, found that 
elevated CRP (> 3.9 mg/L) measured 31 months after diag-
nosis was associated with reduced overall survival. Further 
their data suggested a threshold effect on survival, rather 
than a dose–response relationship. Others have found CRP 
levels in this range of similar relevance for outcome. Allin 
[38] analyzing CRP levels at the time of diagnosis of breast 
cancer found that statistically significant differences in out-
comes were most marked in the highest tertile of CRP levels 
(> 3.24 mg/L).

Although our primary focus has been on the benefits of 
olive fruit-derived hydroxytyrosol, the combination used in 
this study was developed to include omega-3 fatty acids and 
curcumin. There is evidence to suggest that each of these 
ingredients taken individually might have anti-inflamma-
tory properties in vivo. Omega-3 fatty acids carry out their 
anti-inflammatory effect through several mechanisms [57], 
including arachidonic acid replacement in phospholipid 
membranes, direct inhibition of phospholipases and syn-
thesis of anti-inflammatory metabolites, and reduction of 
circulating inflammatory biomarkers [57–60]. Curcumin 
has been shown to diminish CRP in some cases [61], most 
likely through inactivation of the NFκB which down-reg-
ulates TNF-α, interleukins (IL-1, IL-2, IL-6, IL-8, IL-12) 
and chemokines. Nonetheless, we believe that the most 
important component of the EPA/DHA/hydroxytyrosol/
curcumin is the hydroxytyrosol which has a number of anti-
oxidant and anti-inflammatory effects [48, 62] and has also 
been reported to have direct anti-proliferative effects [63]. 
It has previously been shown to reduce CRP in rheumatoid 
arthritis patients [64]; however, Crespo [65] administered 

Table 4   BPI pain scores

**% reduction

D0 D30 Shift p value

….pain at its worst in the last 24 h
 Mean 3.9 ± 3.1 2.9 ± 2.8 − 1.6 ± 3(21.5)** 0.011
 Median 4 3 − 1.0
 Min 0 0 − 8.0
 Max 9 8 4.0
 N 39 29 26

….pain at its least in the last 24 h
 Mean 2.2 ± 2.4 1.6 ± 2 − 0.9 ± 2.1(20.3)** 0.045
 Median 2 1 − 0.5
 Min 0 0 − 7.0
 Max 9 7 3.0
 N 38 29 25

….pain on average
 Mean 2.9 ± 2.2 2.4 ± 2.5 − 0.8 ± 2.4(17.2)** 0.119
 Median 3 2 0
 Min 0 0 − 6.0
 Max 8 8 4.0
 N 38 28 25

….how much pain do you have right now
 Mean 2.8 ± 2.6 1.6 ± 2 − 1.5 ± 2.3(45.9)** 0.004
 Median 3 0.5 − 1.0
 Min 0 0 − 8.0
 Max 8 7 3.0
 N 38 28 25

Pain severity
 Mean 2.9 ± 2.4 2.1 ± 2.2 − 1.2 ± 2.2(26.6)** 0.008
 Median 3 1.5 − 0.6
 Min 0 0 − 6.5
 Max 8.5 7.5 2.5
 N 38 29 26

BPI Total Score
 Mean 22.1 ± 20.7 19.6 ± 23.5 − 6.5 ± 17.1(9.1)** 0.068
 Median 17.5 11 − 3.0
 Min 0 0 − 45.0
 Max 75 93 24
 N 38 28 25

Table 5   Adverse events

Severity

Slight Moderate

N % N %

Gastrointestinal disorders
  Abdominal discomfort 1 2.2 0 0.0
 Abdominal pain upper 1 2.2 0 0.0
 Constipation 5 10.9 0 0.0
 Dyspepsia 2 4.3 0 0.0
 Nausea 1 2.2 0 0.0
 Reflux gastritis 1 2.2 0 0.0

General disorders and administration site conditions
 Asthenia 2 4.3 0 0.0
 Fatigue 4 8.7 0 0.0
 Feeling hot 1 2.2 0 0.0
 Malaise 1 2.2 0 0.0
 Pain 2 4.3 0 0.0
 Dysgeusia 5 10.9 0 0.0
 Product taste abnormal 9 19.6 0 0.0

Infections and infestations
 Influenza 1 2.2 0 0.0

Musculoskeletal and connective tissue disorders
 Arthralgia 3 6.5 0 0.0
 Back pain 0 0.0 1 2.2
 Bone pain 1 2.2 0 0.0
 Muscle spasms 1 2.2 0 0.0
 Musculoskeletal pain 1 2.2 2 4.3
 Neck pain 1 2.2 0 0.0
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hydroxytyrosol 5 and 25 mg by mouth daily for a week to 
normal volunteers and surprisingly observed a non-signifi-
cant increase in CRP; however, their healthy volunteers had 
normal CRP levels and it might be difficult to demonstrate 
a decrease in such a scenario and during only a week of 
therapy. Further, we used a higher dose (37.5 mg total per 
day) of hydroxytyrosol. Lopez-Huertas [66] administered 
45 mg of hydroxytyrosol to healthy volunteers with mild 
hyperlipidemia, and observed a numerical, but not statisti-
cally significant, decrease in CRP at 8 (but not 4) weeks. 
Again, the mean CRP level was lower than the level for our 
study participants. We observed the greatest decrease in 
CRP in subjects who had the highest baseline level sug-
gesting the benefit may mainly occur in scenarios with the 
greater amount of inflammation.

We also designed the study to enroll subjects receiv-
ing adjuvant hormonal therapy. It was our initial inten-
tion to enroll predominantly patients receiving aromatase 
inhibitors, but we did allow those on tamoxifen as well 
as this would not likely effect the primary endpoint and 
because breast cancer patients can have numerous other 
causes for pain (such as breast or chest wall pain, osteo-
arthritis, osteoporotic fractures, peripheral neuropathy, 
and others). AIMSS is a major problem for up to 50% 
of patients undergoing adjuvant therapy with aromatase 
inhibitor (AI) [6]. It may impact quality of life and be a 
cause of non-adherence or discontinuation [10]. Attempts 
to reduce AIMSS have included treatment with vitamin D 
supplementation [67], glucosamine together with chon-
droitin [68], vitamin D3 [69], other supplements with 
omega 3 fatty acids [70], switching therapies [71], exer-
cise adherence [72], acupuncture [73] or duloxetine [74], 
but no clear treatment has emerged. In some studies, the 
observed reduction of pain was not statistically significant 
or clinically meaningful. In other studies, adverse events 
were significant barriers. Moreover, none of these studies 
has reported a decrease in CRP. We observed that EPA/
DHA/hydroxytyrosol/curcumin showed a reduction in pain 
scores. Using BPI “worst pain” scores, women reported 
a 1.6 points reduction (p = 0.011), and 1.2 points reduc-
tion (p = 0.008) in the BPI pain severity index. Moreover, 
women receiving EPA/DHA/hydroxytyrosol/curcumin 
who had a baseline BPI pain score > 4 (a level often used 
as an inclusion criteria for other studies of interventions 
for AIMSS), reported a reduction of worst pain score of 
2.8 points (p = 0.005), with a BPI pain severity index 
decrease of 2.36 points (p = 0.04). These are among the 
largest decreases among all the mentioned studies, except 
for duloxetine, which led to serious adverse events in up 
to 20% of the patients. This larger decrease reflects that 
a deeper effect is achieved in patients with higher basal 
pain scores. The magnitude of this decrease was greater 

than 2 points, which is considered to be clinically sig-
nificant by the Initiative on Methods, Measurements and 
Pain Assessment in Clinical Trials consensus committee 
[75]. That this is an important subgroup for focused study 
is suggested by the observation that those who start with 
baseline pain are more likely to discontinue AI therapy 
sooner [76]. Although the mechanisms that produce AI-
induced arthralgia are not fully understood, local inflam-
mation likely plays a contributory role [22, 28]. Different 
studies have shown that patients receiving AIs have muscle 
tendon thickening [29] and hand/wrist intraarticular effu-
sions [30] that are not present in control groups of women 
not receiving AIs. Thus, the reduction in inflammation 
as measured by a decrease in CRP achieved in this study 
might play a role in the reduction of pain from AIs.

One limitation of our study was the lack of a placebo-
controlled design which was not possible due to patient 
and site unwillingness to participate in such a study. We, 
therefore, used patients as their own control. To reduce 
the regression-to-the-mean effect, we assessed blood 
levels at two time points pre- and post-therapy and aver-
aged the CRP levels from the two blood draws. We also 
did not independently confirm compliance with the study 
therapy by a method such as urinary levels of hydroxy-
tyrosol. Acknowledging its pilot nature, we believe that 
this study provides promising initial results in terms of 
reduction of CRP and decrease in pain scores that warrant 
larger clinical studies with longer periods of EPA/DHA/
hydroxytyrosol/curcumin administration and standard 
clinical endpoints such as disease specific survival and 
overall survival.
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