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ABSTRACT
Background: Curcumin is a natural product that is often explored by patients with 

cancer. Weight loss due to fat and muscle depletion is a hallmark of pancreatic cancer 
and is associated with worse outcomes. Studies of curcumin’s effects on muscularity 
show conflicting results in animal models.

Methods and results: Retrospective matched 1:2 case-control study to 
evaluate the effects of curcumin on body composition (determined by computerized 
tomography) of 66 patients with advanced pancreatic cancer (22 treated,44 controls). 
Average age (SEM) was 63(1.8) years, 30/66(45%) women, median number of prior 
therapies was 2, median (IQR) time from advanced pancreatic cancer diagnosis 
to baseline image was 7(2-13.5) months (p>0.2, all variables). All patients lost 
weight (3.3% and 1.3%, treated vs. control, p=0.13). Treated patients lost more 
muscle (median [IQR] percent change -4.8[-9.1,-0.1] vs. -0.05%[-4.2, 2.6] in 
controls,p<0.001) and fat (median [IQR] percent change -6.8%[-15,-0.6] vs. -4.0%[-
7.6, 1.3] in controls,p=0.04). Subcutaneous fat was more affected in the treated 
patients. Sarcopenic patients treated with curcumin(n=15) had survival of 169(115-
223) days vs. 299(229-369) sarcopenic controls(p=0.024). No survival difference 
was found amongst non-sarcopenic patients.

Conclusions: Patients with advanced pancreatic cancer treated with curcumin 
showed significantly greater loss of subcutaneous fat and muscle than matched 
untreated controls.

INTRODUCTION

Cancer cachexia is “a multi-factorial syndrome 
defined by an ongoing loss of skeletal muscle mass (with 
or without loss of fat mass) that cannot be fully reversed by 
conventional nutritional support and leads to progressive 
functional impairment. The pathophysiology is characterized 
by a negative protein and energy balance driven by a 
variable combination of reduced food intake and abnormal 

metabolism” [1, 2]. The majority of patients with cancer lose 
weight at the end of life [3, 4], and approximately 20% of all 
cancer deaths are related to cachexia [5].

Loss of body mass during the cancer trajectory has 
been associated with worse outcomes such as decreased 
survival in patients with pancreatic cancer, loss of physical 
strength, and poorer response to therapy [3, 6–9]. In 
the setting of pancreatic cancer, a 10% weight loss in 
comparison with premorbid weight is present in around 
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80% of all cases, and at least 25% of these cases meet the 
definition of cancer cachexia [7, 10].

There is a dearth of effective interventions to treat 
cancer cachexia, and several approaches are currently being 
researched. Since inflammation is thought to have a pivotal 
role in the genesis of cancer cachexia [11], agents that target 
inflammatory pathways are of special interest. Curcumin 
(diferuloylmethane), the phytochemical component 
responsible for the characteristic yellow-gold color of 
turmeric (a spice used mostly in Asia) is found in the root of 
the Curcuma longa plant [12] and has a myriad of biologic 
properties [13–15], including antineoplastic [16–19] and 
anti-inflammatory capabilities [20–22]. It is a popular natural 
product that is of interest to many patients with cancer.

Given the clear necessity for new therapeutic options 
for cancer cachexia, especially in patients with pancreatic 
cancer, and considering the anti-inflammatory actions of 
curcuminoids [20–22], we conducted a study to evaluate 
the effects of curcumin on body composition of such 
patients. Specifically, we aimed to (1) determine how body 
composition (namely body fat and muscle) evolve over time 
in patients with advanced pancreatic cancer treated with 
curcumin, and (2) determine whether there are different body 
composition changes over time in patients with advanced 
pancreatic cancer who received curcumin compared with 
matched patients who did not receive this agent.

RESULTS

A total of 66 patients were included in the current 
study. The treatment group was composed of 22 patients 
who received curcumin on a previous clinical. The 
control group was obtained from a pool of 948 patients 
with pancreatic cancer seen at our hospital in the same 
time period that the original clinical trial was accruing 
patients. Of those, 639 (67%) did not meet eligibility 
criteria either for the current or for the original protocol 
and were excluded. The final control group was composed 
of 44 patients randomly selected from the pool of 309 
potentially eligible patients, matched with the patients 
in the treatment group by age, gender, body mass index, 
time from advanced cancer diagnosis to baseline image, 
and number of prior therapies. Figure 1 summarizes the 
accrual process. The matched demographic characteristics 
of the study sample are shown in Table 1.

Body composition

Ascites and/or peripheral edema were present in 
4/22 (18%) patients in the treatment group and in 10/44 
(23%) patients in the control group (p=0.759). Those 
patients were excluded from body mass analyses but were 
included in the body composition analyses. The majority 
of patients lost weight between baseline and follow up 
in both study groups, with a statistically insignificant 
greater frequency of weight loss in the treatment group 

[15/18 (83%) and 19/34 (56%) in the treatment and control 
groups, respectively, p=0.07]. Average baseline (standard 
error of the mean, SEM) weight was 69.4 (2.4) kg and 
69.0 (2.2) kg for patients in the treatment and control 
groups at baseline, respectively (p=0.911), while at follow 
up it was 67.0 (2.2) kg and 67.9 (2.0) kg respectively 
(p=0.782). The absolute average weight loss in this 
timeframe was greater in the treatment group [2.4 kg 
(SEM 0.8)] in comparison with the control group [1.1 kg 
(SEM 0.6)], albeit not statistically significant (p=0.174). 
The average percent weight loss, while also greater in the 
treatment group (3.3% of the baseline weight versus 1.3% 
of the baseline weight for the control group), did not reach 
statistical significance (p=0.130). Weight change did not 
differ by gender.

Classifying patients with BMI ≥ 25 kg/m2 as 
overweight or obese, 6/18 (33%) treated patients and 
12/34 (35%) controls were respectively classified as such 
at baseline (p=1.000) and 4/18 (22%) and 11/34 (32%) at 
follow up (p=0.532). 2/18 (11%) treated patients and 3/34 
(9%) controls changed from overweight/obese to normal/
underweight between baseline and follow up (p=1.000). 
Changes in the opposite direction did not occur. Changes 
in body mass index (BMI) evidently behave in the same 
way as those seen for weight. Patients in the treatment 
group had an absolute decrease of 0.8 (0.3) kg/m2 in BMI 
while the controls lost 0.4 (0.2) kg/m2 (p=0.160).

All body composition parameters decreased in both 
groups between baseline and follow up. Body composition 
data is summarized in Table 2. At baseline, no significant 
differences were found with regards to body composition 
variables between patients in the two study groups. At 
follow up, patients treated with curcumin showed a trend 
towards lower subcutaneous fat area at L3, total adipose 
area at L3 and total estimated body fat as compared to the 
patients in the control group (Table 2, p=0.054, 0.07, and 
0.07, respectively).

Percent variation in body composition variables 
according to study groups is shown in Figure 2. Patients 
in the treatment group showed greater percent reduction 
in all parameters when compared to those in the control 
group. Significantly different reductions were observed for 
skeletal muscle area at L3, intramuscular adipose area at 
L3, total adipose area at L3, estimated total adipose body 
mass, and estimated total lean body mass. The median 
percent change in estimated total lean body mass and total 
adipose body mass was significantly greater for treated 
[-4.8% (IQR -9.1 to -0.1) and -6.8% (IQR -15 to -0.6), 
respectively] than for untreated patients [-0.05% (IQR 
-4.2 to 2.6) and -4.0% (IQR -7.6 to 1.3), respectively] 
(p<0.001 and p=0.04 for lean and fat body mass changes, 
respectively). The difference in percent changes for 
estimated total lean and adipose body masses was not 
statistically significant among curcumin treated patients, 
but was significantly different among the controls, with 
the fat loss being greater (p=0.03).



Oncotarget20295www.impactjournals.com/oncotarget

At baseline, sarcopenia was present in 15/22 (68%) 
treated patients and 27/44 (61%) controls (p=0.787) 
whereas at follow up, it was present in 18/22 (82%) treated 
and 29/44 (66%) untreated patients (p=0.252). The increase 
in sarcopenia frequency was not statistically significant in 
any of the groups (p=0.488 and p=0.825 for treated and 
untreated patients, respectively). No baseline sarcopenic 
patients reversed their low muscularity status at follow up. 
Sarcopenia co-occurred with overweight or obesity (BMI 
≥ 25kg/m2) in 3/18 (17%) and 5/34 (15%) treated and 
untreated patients at baseline, respectively (p=0.574) and 
in 3/18 (17%) and 3/34 (9%) treated and untreated patients 
at follow up, respectively (p=0.339) (patients with ascites 
and/or peripheral edema were excluded). Male patients in 
the treatment group had a significantly greater frequency 
of sarcopenia as compared to female patients in the same 
group [11/12(92%) versus 4/10(40%) at baseline and 12/12 
(100%) versus 6/10 (60%) at follow up (p=0.020 and 
0.029, respectively)]. In the control group, the frequency 
of sarcopenia in males was also greater, but did not attain 
statistical significance at any of the time-points.

Potential confounders

Several medications can impact body composition 
(especially affecting muscularity), and 4/22 (18%) of 

the treated patients used such drugs in the study period 
(progestin in three cases and testosterone in one), while 
2/44 (4.5%) controls were receiving those medications 
(one progestin and one testosterone) (p=0.09). No patients 
were found to be under treatment with cannabinoids or 
corticosteroids in the study period. Among the treated 
patients, no difference was found between subjects who 
received other such drugs (ie progestins and corticosteroids) 
and those who did not receive them with regards to changes 
in average total lean body mass [-6.4% (SEM 3.5) vs. 
-4.8 (SEM 1.4), respectively, p=0.523] and total body fat 
[-9.9% (SEM 4.2) vs. -8.7 (SEM 2.3), respectively, p=0.58]. 
Statistical significance was not tested for the control patients 
due to the small number of subjects who received the drugs.

A proportion of patients in the control group 
received oncologic treatment in the study period (26/44, 
59%). Gemcitabine, cisplatin, and oxaliplatin were the 
most common chemotherapeutics used. The percent 
change in total lean body mass was not statistically 
different between controls who received and did not 
receive oncologic treatment [-0.7% (SEM 0.8) vs. -0.5% 
(SEM 1.0), respectively, p=0.828]. Similarly, the percent 
change in total adipose body mass was not significantly 
different between controls according to oncologic 
treatment during the study period [-4.3% (SEM 1.5) vs. 
-0.7% (SEM 2.3), respectively, p=0.179].

Figure 1: Study group accrual information. (PD=Progressive disease; SE=stable disease)
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Survival analyses

Overall median survival from baseline (95% CI) 
was of 189 (142-236) days for the patients treated with 
curcumin and 299 (240-357) days for the patients in the 
control group (log rank p=0.065) (Figure 3). Survival 
was not significantly different between sarcopenic and 

non-sarcopenic patients overall [254 (216-291) vs. 293 
(143-443) days, p=0.588]. However, when analyzed 
separately, the 15 sarcopenic patients in the treatment 
group showed significantly shorter survival [169 (115-
223) days] in comparison with the 27 sarcopenic patients 
in the control group [299 (229-369) days, p=0.024], 
whereas no difference was found between the survival of 

Table 2: Body Composition Analysis

Baseline Follow up

Treatment Controls Treatment Controls

N=22 N=44 p N=22 N=44 p

Median (IQR) Median (IQR) Median (IQR) Median (IQR)

Skeletal muscle 
area at L3 (cm2) 119.7 (104-145.7) 125.1 (108-146.7) 0.661 112.5** (95.6-137.5) 122.6 (102-149) 0.202

Muscle 
index (cm2/m2) 42.3 (37-46.7) 42.3 (37.6-47.4) 0.747 40.2** (35.6-45.4) 41.6 (37.5-46.8) 0.115

Intramuscular 
adipose 
area at L3 (cm2)

7.5 (3.4-12) 7.9 (5.4-11) 0.833 7.7 (2.5-10.5) 7.0 (4.9-13) 0.430

Visceral adipose 
area at L3 (cm2) 57.3 (36.4-133.2) 73.4 (44.7-116.6) 0.668 42.3* (26.2-101) 68.5* (35.7-104) 0.286

Subcutaneous 
adipose 
area at L3 (cm2)

95 (65.7-191.9) 120 (101.6-172.7) 0.331 72.7** (59.9-160.5) 116.7* (84.6-
149.2) 0.054

Total adipose area 
at L3 (cm2) 208.9 (119-317.5) 228.4 (147.3-

294.8) 0.732 137.8** (85.8-266.8) 217.8* (154.2-
282.9) 0.07

Estimated total lean 
body mass (kg) 42 (37.3-49.8) 43.6 (38.5-50.1) 0.661 39.8** (34.7-47.3) 42.8 (36.7-50.8) 0.202

Estimated total fat 
body mass (kg) 20 (16.2-24.5) 20.8 (18.5-23.6) 0.732 17** (14.8-22.4) 20.4* (17.7-

23.1) 0.07

* statistically significant differences between baseline and follow up time points within study groups. (* p < 0.05; ** 
p<0.001)

Table 1: Matching characteristics

Treatment Control p value

(N=22) (N=44)

Female Gender (n, %) 10 (45.5%) 20 (54.5%) 1.000

Age (years) (mean, SEM) 63.8 (2.2) 63.2 (1.3) 0.823

Body Mass Index (mean, 
SEM) 23.8 (0.6) 24.1 (0.4) 0.707

Number of prior therapies
(median, IQR) 2 (1-3) 2 (1-2) 0.237

Time between advanced 
cancer and baseline image 
(months)
(median, IQR)

7 (2-13.5) 6 (3-13.75) 0.749

SEM, standard error of the mean; IQR, interquartile range.
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Figure 2: Average percent variation in body composition variables for the study groups. (Whiskers represent the standard 
error of the mean)
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the seven non-sarcopenic patients in the treatment group 
[254 (216-291)] and the 17 non-sarcopenic control patients 
[304 (184-423), p=0.910].

Survival was plotted against changes in body 
composition between baseline and follow up for 
patients in the treatment and control groups whose 
death was confirmed (22/22 and 42/44, respectively) 
(Figure 4). The correlation between the variation of 
total lean body mass and survival yielded coefficients 
of 0.283 and -0.035 (p=0.202 and 0.824) for cases and 
controls, respectively, whereas the correlation between 
survival and variation in total fat body mass yielded 
coefficients of 0.367 and 0.058 (p=0.09 and 0.713) 
for cases and controls, respectively. Even though not 
statistically significant, shorter survival appeared to be 
correlated with greater reductions in body composition 
parameters only in the group of patients treated with 
curcumin.

DISCUSSION

We have conducted a retrospective 1:2 matched 
“case control” study to evaluate the effects of curcumin 
on body composition of patients with advanced pancreatic 
cancer. We were not able to confirm our hypothesis that 
patients with advanced pancreatic cancer treated with 
curcumin for two months would have smaller losses in 
fat and muscle as compared to the matched controls not 
treated with curcumin. The sample of patients treated with 
curcumin for two months lost somewhat more weight than 
the controls, due to both fat and muscle losses.

Weight loss due to both fat and muscle depletion 
is common in patients with advanced pancreatic cancer. 
Wigmore et al. [23] showed, in a prospective observational 
study of 20 patients with advanced pancreatic cancer, that 
absolute fat and muscle losses measured by bioelectrical 
impedance are significantly different between diagnosis 

Figure 3: Kaplan-Meier plot depicting the survival from baseline of the patients in the two study groups (Treatment, 
N=22 and Control, N=44) (Crosses represent censored subjects)
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and death. Using the same retrospective CT analysis 
technique as this study, Tan et al. [24] described that the 
majority of patients with advanced pancreatic cancer lost 
body mass from both fat and muscle compartments as the 
disease evolved.

The different compartments of body composition, 
while consistently decreased, did so in a different fashion 
between groups in our study. Significant differences were 
found when comparing the percent reduction in areas of 
skeletal muscle and subcutaneous fat between treated 
and untreated patients. Therefore, both estimated total 
lean body mass and total adipose body mass showed 
significantly greater reductions in the treatment group. 
In addition, whereas patients in the control group lost 
significantly more adipose tissue than muscle, treated 
patients lost comparable percentages of muscle and fat.

Sarcopenia (decreased muscle mass) was present at 
baseline in 68% of the patients who received curcumin 
and 61% of the controls, increasing at follow up to 82% 
and 66% for treated and untreated patients, respectively. 
These figures are greater than the 51% and 47% 
prevalence that we have shown in samples of 104 and 306 
patients with advanced cancer at our Phase I program, 

respectively [25, 26]. This is probably explained by 
the heterogeneous population in the previous studies. 
In the setting of pancreatic cancer, Joglekar et al. [27] 
studied 118 patients who underwent pancreatectomy 
and showed a prevalence of 26% of sarcopenic patients 
preoperatively; this population appeared to be at an 
earlier disease stage in comparison with our population. 
Tan et al. [24] reported that in a group of 44 pancreatic 
cancer patients, 46% were sarcopenic at the time of 
referral to a palliative care program and 61% were 
sarcopenic around 135 days later. Since our patients 
had a higher frequency of sarcopenia, it is plausible that 
their disease was more advanced. Interestingly, however, 
the median overall survival after the baseline image in 
Tan’s study was the same as for the patients treated with 
curcumin in our study (189 days), and shorter than the 
median survival for patients in the control group (299 
days). Therefore, it is likely that other factors are in play 
and affect the genesis of sarcopenia and/or survival in 
our patients. The frequency of sarcopenia increased in 
both groups at follow up, and no patients reversed the 
sarcopenic status. Therefore, it seems that curcumin did 
not attenuate sarcopenia in our limited sample.

Figure 4: Percent change in adipose and lean body masses according to survival from baseline. (Circles represent individual 
patients, solid line the regression line, and dashed lines the 95% confidence interval band). Spearman correlation coefficients between lean 
body mass change and survival were 0.283 and -0.035 (p=0.202 and 0.824) for patients treated with curcumin and controls, respectively 
(panels A. and C.). The Spearman correlation coefficients between fat body mass change and survival were 0.367 and 0.058 (p=0.09 and 
0.713), for patients treated with curcumin and controls respectively (panels B. and D.).
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Mounting evidence exists to support the potential 
effects of curcumin on the adipose tissue and more so 
in modulation of signal transduction pathways that are 
paramount for the generation of obesity and several of 
its complications [28, 29]. The present study showed 
that patients with advanced pancreatic cancer treated 
with curcumin had significantly greater losses of fat 
as compared to matched untreated controls, especially 
subcutaneous fat. This might indicate a direct effect of 
curcumin on adiposity which should be further explored 
in anti-obesity research.

Attenuation of weight loss by curcumin in the 
setting of pancreatic cancer was previously described 
in animal models only. One study in an animal model 
of cachexia (MAC16 colon tumor-bearing mice) 
showed that the administration of a 100mg/kg dose 
of a curcumin complex (curcumin c3, composed of 
72% curcumin, 22% desmethoxycurcumin, and 4% 
bisdesmethoxycurcumin) was able to attenuate weight 
loss in the animals [30]. In addition to the fact that animal 
models frequently do not translate well to human clinical 
practice [31], it is of interest to note that the analogue 
composition of the drug used in the current study 
was somewhat different than the used in this animal 
study (87.2% curcumin, 10% desmethoxycurcumin, 
and 2.3% bisdesmethoxycurcumin in our study and 
72% curcumin, 22% desmethoxycurcumin, and 4% 
bisdesmethoxycurcumin in the animal study) [32], which 
might also contribute for the different findings. Indeed, it 
appears that each curcumin analogue might have different 
activities and potencies, but this is still to be completely 
determined [33]. A group from Germany studied the 
effects of curcumin in vitro on atrophic C2C12 cells, 
showing that sub toxic doses of curcumin successfully 
counteracted muscle atrophy [34]. Two other groups, 
one studying the effects of curcumin on rats bearing 
the Yoshida AH-130 ascites hepatoma cells (which 
is known to cause cachexia) [35], and another in mice 
bearing MAC16 tumor cells [36] did not show weight 
loss attenuation by curcumin found in the previously 
described animal study [30].

In the current study, patients treated with curcumin 
had a median survival from baseline of 189 days (95%CI 
142-246), which was 110 days shorter than untreated 
patients (p=0.065). There are very few published 
clinical studies of curcumin in humans, and survival 
data is scarce. Epelbaum et al. [37] studied the effects of 
curcumin combined with gemcitabine for the treatment of 
advanced pancreatic cancer in 17 patients and reported a 
comparable median overall survival of 5 months (range 
1-24 months) in the 11 patients who were considered 
evaluable [37]. Another group conducted a similar phase 
I/II study with the same drug combination in 21 patients 
with disease progression after gemcitabine treatment 
and with no prospect of further effective treatment and 
they found a similar median overall survival of 161 days 

(approximately 5 months) (95% confidence interval 109-
223 days, approximately 4-7 months) [38].

In a retrospective analysis of 83 consecutive patients 
with pancreatic cancer referred to our Phase I program, it 
was shown that they had a median overall survival from 
referral of approximately 152 days (95%CI 99-186 days) 
[39]. This period is shorter than the results reported here 
for both study groups from the baseline image [189 days 
(95%CI 142-236 days) for patients treated with curcumin 
and 299 days (95%CI 240-357 days) for the controls]. For 
the patients in the treatment group, the dates of referral to 
the Phase I program and baseline image are very similar, 
so it is fair to state that patients who received curcumin 
had an overall survival around one month longer than 
the historic average of referred patients with the same 
diagnosis [39]. Of note, patients in the control group also 
had longer overall survival (five months more) than what 
was reported for patients with the same diagnosis seen at 
our Phase I program [39]. This is of interest because it 
might suggest an unforeseen selection bias caused by a 
systematic difference between patients referred to phase 
I and those who were not. It might be that, regardless of 
the matching efforts, patients in the control group had 
better health conditions at the inception point (time of 
first image), not being perceived by their physicians as 
candidates for the curcumin clinical trial and therefore not 
referred. It is conceivable that such bias might contribute 
to the difference in overall survival between patients in the 
treatment and control groups. In addition, it is important 
to mention that overall survival may be confounded by all 
treatments undertaken after the inception point, and that 
more than 50% of the patients in the control group were 
receiving oncologic treatment at the time of study entry 
and some of the patients in the treatment group received 
further treatments after being taken off the curcumin 
trial. Therefore, it is not possible to ascribe differences in 
survival only to the use of curcumin based solely on the 
data reported here. This is inherent to the retrospective 
design of the current study, despite all matching efforts.

In Figure 4, we demonstrate an apparent correlation 
between percent loss of total lean body mass and total 
adipose body mass with shorter survival in patients treated 
with curcumin, but this was not significant (p=0.202 and 
0.09, respectively). Patients who were closer to death and 
receiving curcumin had greater loss of both total lean and 
adipose body masses, while patients in the control group 
presented an almost flat regression line, denoting that 
total lean and adipose body mass losses in these patients 
remained stable, regardless of the proximity to death. 
It seems as if patients who receive curcumin undergo a 
metabolic shift towards a more intense weight loss pattern 
when they are towards the end of their lives, but this shift 
does not reach statistical significance perhaps because of 
the small number of patients studied.

This study is not without limitations. The small 
sample size and its retrospective nature impair the ability 
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of drawing definite conclusions. Additionally and also 
related to its retrospective methodology, this study is 
subject to selection bias, even though several measures 
were taken to minimize this risk (1:2 matching by several 
characteristics, random selection of controls).

In summary, this study demonstrated that both 
curcumin-treated and untreated patients lost weight due 
to a combination of fat and muscle depletion. Curcumin 
treated patients had greater losses in all body composition 
variables. Fat loss was the prominent feature in both 
groups, with different adipose compartments behaving 
differently: statistically significant fat loss occurred 
only in the subcutaneous area. Lean body mass loss also 
occurred and was significantly greater in the curcumin-
treated patients. The use of complementary products is 
prevalent in patients with advanced malignancies [40]. 
A previous clinical trial in pancreatic cancer showed 
that two of 21 evaluable patients may have had salutary 
effects after curcumin treatment, including a patient with 
more than 18 months of stable disease and another patient 
with 73% tumor regression [32]. Recent studies suggest 
that pancreatic cancer is remarkably heterogeneous at the 
genomic level [41] and it may be that a small biologically 
definable subset of patients could be sensitive to curcumin. 
Even so, our current observations indicate that curcumin 
does not attenuate the development of sarcopenia in 
patients with advanced pancreatic cancer.

MATERIALS AND METHODS

Patient population

Patients treated with curcumin (“treatment” group) 
were obtained from a Phase II clinical trial conducted by 
our group to evaluate the safety and efficacy of a daily 
eight grams oral dose of the drug in the treatment of 
patients with advanced pancreatic cancer [32]. A total 
of 49 patients were treated on protocol between 
December/2004 and February/2006, and a subset of 22 
patients was analyzed in the current study. Reasons for 
exclusion are depicted in Figure 1. The eligibility criteria 
for the original clinical trial included: (a) pathologically 
confirmed adenocarcinoma of the pancreas that is not 
amenable to curative surgical resection (includes locally 
advanced, metastatic, or recurrent disease), (b) Karnofsky 
Performance Status (KPS) ≥ 60 at study entry, (c) age ≥ 18 
years, (d) adequate hematologic function as defined by an 
absolute neutrophil count ≥ 1,500/mm2 and platelet count 
≥ 100,000/mm3, (e) adequate hepatic function as defined 
by a total bilirubin ≤ 2 times the upper limit of normality 
(ULN), alkaline phosphatase, ALT and/or AST ≤ 5 X 
ULN, (f) creatinine ≤ 2.0 mg/dL, (f) absence of brain 
metastases and (g) not have received radiation treatment 
within the 4 weeks before initiation of the clinical trial 
treatment. Treatment of patients on protocol as well as this 
analyses were performed according with The University 

of Texas M.D. Anderson Cancer Center Internal Review 
Board guidelines.

To be included in the current study, subjects in the 
treatment group also had to have one abdominal computed 
tomography (CT) image including the L3 vertebra level 
that was 28±7 days before the first day of treatment 
(baseline image) and one similar image within 60±20 days 
after the first day of treatment (follow up image).

A matched control group was obtained by searching 
the institutional databases for patients with advanced 
pancreatic cancer within the same calendar period which 
did not receive curcumin but would otherwise be eligible 
to participate in the clinical trial (according to the cited 
eligibility criteria) and that had two abdominal CT images 
including the L3 vertebra level separated by a range of 
60±20 days. Patients in the control group were matched to 
patients in the treatment group according to gender, age, 
body mass index, time from advanced cancer diagnosis to 
baseline image, and number of prior therapies. To reduce 
the effect of any eventual selection bias, two controls were 
randomly selected per patient from the pool of potentially 
eligible patients (refer to Figure 1 for details about the 
control selection procedure).

Data collection

Basic demographic data, date of advanced pancreatic 
cancer diagnosis (defined as locally advanced, recurrent, 
or metastatic), anticancer treatment history, medication use 
during study period, laboratory results, presence of ascites 
and/or edema, height, and weights were obtained by chart 
review. Eligible abdominal CT images were identified by 
chart review and downloaded.

Body composition analysis

Body mass indices were calculated as usual by 
dividing the weight (in kilograms) by the height (in 
meters) squared [42]. Abdominal CT images at the 
level of the 3rd lumbar vertebra were used for body 
composition analysis. The use of this landmark has been 
previously described and validated against dual x-ray 
absorptiometry and bioimpedance analysis in healthy 
populations and in patients with advanced cancer [43–45]. 
Muscles, subcutaneous fat, and visceral fat were identified 
by a single assessor trained in the specific anatomy of 
these tissues, demarcated using previously described 
Hounsfield unit thresholds [46–48] and quantified with 
SliceOMatic software, version 4.3 (Tomovision, Montreal, 
QC, Canada). Total lean and fat body masses (LBM and 
FM, respectively) were estimated by applying the values 
obtained for muscularity and adiposity at L3 level to the 
Mourtzakis et al formulas (LBM(kg) = 0.30 × skeletal 
muscle at L3 (cm2) + 6.06 and FM(kg) = 0.042 × fat tissue 
at L3 (cm2) + 11.2) with demonstrated reliability (r=0.94, 
p<0.0001 and r=0.88, p<0.0001, respectively) [43]. A 
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normalized skeletal muscle index was also calculated by 
dividing the area of muscle at L3 by the height squared. 
Patients were considered to be sarcopenic if they had a 
lumbar skeletal muscle index (skeletal muscle area at L3 
divided by the height squared) lower than 38.5 cm2/m2 for 
women and lower than 52.4 cm2/m2 for men, as previously 
described [49].

Statistical analyses

Descriptive statistics were used to summarize 
the data. Categorical variables were summarized by 
frequency. Differences in categorical variables were 
tested for statistical significance by using the chi-squared 
or Fisher exact tests, where appropriate. Differences in 
paired continuous variables were tested by paired t-tests 
when the underlying distribution was normal and by the 
Wilcoxon rank-sum test when normality could not be 
assumed. Statistical significance for differences between 
independent continuous variables was evaluated by 
t-tests and Mann-Whitney tests depending if normality 
was respectively assumed or not. Survival analyses 
were conducted using Kaplan Meier plots with log-rank 
analyses. Patients for whom date of death was not found 
were censored at the time of last follow up. Differences 
were deemed to be statistically significant when the p 
values were less than or equal to 0.05. Analyses were 
performed using SPSS v. 16 (SPSS Inc, Chicago, IL).
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