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Research Article

Introduction

Sarcopenia—the loss of both skeletal muscle mass and func-
tion—may be present independently of body weight and has 
been shown to negatively interfere with outcome of cancer 
patients.1 Some studies have found that reduction in both 
muscle skeletal tissue and lean body mass (LBM) during 
chemotherapy correlated with toxicity and worse survival 
expectancy.2,3 In sarcopenic patients, the smaller volume of 
drug distribution with a greater concentration of the same 
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Abstract
Background and Aims: Sarcopenia, the loss of both lean body and skeletal muscle mass, may interfere in cancer patients 
outcome. As investigated, whey proteins could prevent the onset of sarcopenia. We have conducted a study to evaluate 
the effects of whey protein in colorectal cancer patients, undergoing 5-fluorouracil-based chemotherapy. Methods: After 
written informed consent, patients were blind randomized 1:1 to whey protein (ProLYOtin; arm A) versus placebo (arm 
B). The patients were assessed both physically and nutritionally before chemotherapy and after 3 (T2) and 6 months (T3) 
by body impedance assessment, L3-computed tomography scan, Mini Nutritional Assessment (MNA), and Malnutrition 
Universal Screening Tool (MUST) tests. Results: Forty-seven patients were included in this preliminary analysis. Baseline 
characteristics were well balanced between the 2 arms. During chemotherapy, 33 patients were reevaluated: anthropometric 
parameters (lean body mass from 68.5% to 71.2% vs 68.7% to 66.3%, and sarcopenia from 84% to 54% and 83% to 77% 
from baseline to T2 evaluation in arms A and B, respectively), nutritional status (MNA >24 = 100% [A] vs 73.7% [B]), and 
toxicity (no adverse effects in 86% [A] vs 29% [B] and 94% [A] vs 29% [B] for hematological and gastrointestinal toxicities, 
respectively) resulted to be significantly different. At univariate analysis, a condition of malnutrition risk according to MUST 
(relative risk [RR] = 7.5, P = .02) or MNA (RR = 1.45, P = .02) and ProLYOtin intake (RR = 0.12, P = .01) were found to be 
significantly predictive of chemotherapy toxicity. Conclusions: At present, our study shows how whey protein could be an 
important therapeutic option to improve nutritional status, and particularly to prevent severe toxicity during chemotherapy.
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drugs in the time unit may explain the greater toxicity that 
affects these patients more than others.2,3 Therefore, sarco-
penia is becoming increasingly considered a prognostic as 
well as a predictive factor in chemotherapy response.4,5

Recent data point out that the anorexia-cachexia syn-
drome and the risk of malnutrition and overt malnutrition 
are present since the first oncological visit.6 However, it has 
been demonstrated that whey protein supplements could be 
a suitable nutritional intervention to improve the muscular 
protein synthesis to favor gain of LBM and to prevent mal-
nutrition and sarcopenia7,8; they also may have intrinsic 
anticancer properties.9 Based on the currently available evi-
dence, we propose an exploratory, placebo-controlled, ran-
domized study, aimed at evaluating the activity of a 
nutritional supplement containing highly purified whey 
proteins (ProLYOtin; see supplementary material available 
online) in colorectal cancer patients undergoing 5-fluoro-
uracil-based chemotherapy. This study has been approved 
by the Institutional Ethical Committee (Approval Number 
166 SA_2017) and conducted according to the Declaration 
of Helsinki guidelines.

Methods

Study Design

As discussed earlier,10 this is a multicenter study on eligible 
patients (age ≥18 years; written informed consent obtained; 
European Cooperative Oncology Group [ECOG] Performance 
Status 0-1; histological neoadiagnosis of stage II, III, or IV 
colorectal cancer; candidates for a 5-fluorouracil-based adjuvant 
chemotherapy; without metabolic disorders [diabetes, dyslipid-
emia], infectious diseases, or other organ dysfunctions). Patients 
were single-blind randomized with 1:1 ratio to receive either the 
active product (A), ProLYOtin, a nutritional supplement, con-
taining 13.5 g of highly purified whey protein (Italian Ministry 
of Health registration Number 71005), 1 packet per day from the 
start to the end of chemotherapy (6 months), or placebo (B), an 
isocaloric control product, consisting of a mix of inulin and 
potato starch without any protein or micronutrients.

The randomization was computer generated by a statisti-
cian not involved in data collection, who was called by 
phone at the time of assignment.

After written informed consent was obtained, and before 
starting chemotherapy, all patients performed a pretreatment 
computed tomography (CT) scan for both postsurgical staging 
and sarcopenia evaluation. CT scans were repeated after 3 and 
6 months. Furthermore, in all patients, quality of life using the 
European Organization for the Research and Treatment of 
Cancer (EORTC) QLQ-C30 instrument, nutritional risk 
screening (Malnutrition Universal Screening Tool [MUST]), 
and nutritional state (Mini Nutritional Assessment [MNA]) 
were assessed at baseline (T1), and repeated twice: first after 
3 months (T2) and the second after 6 months (T3) during 

chemotherapy. Patients were screened for clinical condition 
and frailty at baseline, after 3 and 6 months and were catego-
rized by the ECOG and Karnofsky performance status (PS) 
assessments. Physico-nutritional examination and blood anal-
ysis were also monitored in the same time frame. Moreover, 
the following clinicopathological parameters were recorded 
and analyzed: age, sex, comorbidities and concomitant treat-
ment, dietary practices, baseline tumor characteristics, che-
motherapy regimen, ECOG PS and Karnofsky PS, and 
maximum toxicity, especially hematological and gastrointes-
tinal, evaluated according to the Common Terminology 
Criteria for Adverse Events (CTCAE v 4.0). Compliance to 
the study protocol has been assessed by telephone contact and 
dietary diary review. The patient’s food diary was completed 
for 1 week as an example of their daily lifestyle and analyzed 
by the MetaDieta Software, which is constantly updated and 
implemented with the values of the main Italian official data-
base. In both treatment groups, patients reported an intake of 
proteins that ranged between 0.8 and 1.0 g/kg/day by their 
diet. From their food diary, we have determined that the 
ProLYOtin group patients reach a total daily protein intake of 
1.2 g protein/kg body weight/day as reported in the European 
Society for Parenteral and Enteral Nutrition guidelines.

Sarcopenia (herein defined as the sole reduction of mus-
cle mass) was evaluated by the skeletal muscle mass, cross-
sectional area (cm2) calculation, and using CT images. The 
level of the third lumbar vertebra (L3) was chosen as a stan-
dard landmark for a multiplanar reconstruction, considering 
the following muscles: psoas, paraspinal, abdominal trans-
verse rectum, internal and external obliques. The CT images 
were analyzed by using the Slice-O-Matic software, version 
5.0 (Tomovision, Montreal, Canada). The skeletal muscles 
were identified and marked by the Hounsfield units thresh-
olds from −29 to +150.17, and the total cross-sectional area 
was computed for each patient. The L3 Skeletal Muscle 
Index (L3 SMI) was calculated as skeletal muscle mass area 
in cm2 divided by height in m2 and reported in units of cm2/m2. 
Sarcopenia was defined using cutoff points for lumbar SMI 
of ≤38.5 cm2/m2 and ≤52.5 cm2/m2 for women and men, 
respectively, according to previous studies.3,4 To asses body 
mass composition, we have also conducted a tetrapolar sin-
gle frequency bioelectrical impedance analysis (BIA), per-
formed by passing current between 2 surface electrodes 
placed on the right hand and right foot.11 All BIAs were per-
formed by the same dietitian using an impedance plethys-
mograph that emits an 800-A, 50-kHz alternating current 
(BIALight, DS Medica, Milan, Italy). Unfortunately, a spe-
cific, well-defined procedure for performing routine BIA 
measurements is not practiced for cancer patients. However, 
to standardize the procedure, we have recommended fasting 
at least 2 hours before the analysis, avoiding physical activ-
ity the day before and the day of the procedure, and avoiding 
a dinner rich in carbohydrates. All randomized patients had 
received treatments and were evaluated during the time (T1, 
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T2, and T3) expected by the protocol by a specialist team of 
a nutritionist and medical oncologists. All patients could 
have interrupted the study protocol if one of the following 
criteria had occurred: (1) patient’s choice; (2) grade 4 toxic-
ity or any other impairment of a patient’s health conditions; 
and (3) progression of disease.

Statistical Analysis

According to the aforementioned background, in order to 
provide an adequate sample size, assuming a 40% and 20% 
of malnutrition prevalence in placebo and experimental arms, 
respectively, a total of 220 (110 for each arm) patients will be 
randomized (calculated with an error of 10% and confidence 
interval [CI] of 95%). However, a feasibility study analysis 

was conducted on the first 50 cases enrolled, described in this 
publication. Descriptive analysis of clinicopathological 
parameters and differences between nutritional state and both 
hematological parameters and toxicities was analyzed by a 
univariate and multivariate logistic regression model. 
Clinicopathological differences between the 2 treatment arms 
were determined using a 2-sided paired t test. The statistical 
analysis was performed using SPSS software (v 24.0).

Results

Baseline (T1)

At baseline, we identified 50 eligible patients, but 3 of them 
refused to participate in the study, while the other 47 were 

Figure 1. CONSORT flow chart.
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recruited (Figure 1). All randomized patients received treat-
ments at a 1:1 ratio of either ProLYOtin (A) or Placebo (B), 
which were homogeneously distributed in the 2 groups at 
baseline by sex, median age, performance status (with a 
prevalence of patients with good PS), food intake, site and 
stage of disease, as well as scoring of the EORTC QLQ-C30 
summaries (Table 1). The majority of patients were at risk 
of malnutrition according to the MNA score (50% in the 
group A and 36% in the group B), while malnourished 

patients were found in 18.2% and 16% of the cases, respec-
tively. Similarly, the MUST test identified 31.8% of patients 
in the group at medium risk of malnutrition versus 32% in 
the placebo group. High risk of malnutrition was observed 
in 45.5% of patients in group A versus 12% in group B. 
Meanwhile, none were underweight, and half of the entire 
cohort study were overweight (31.8% vs 28%) or obese 
(13.6% vs 20%). BIA revealed an altered body composition 
with excess of fat in relation to LBM in both treatment 

Table 1. Baseline Clinicopathological Characteristics of Enrolled Patients (N = 47).

A: ProLYOtin (N = 22) B: Placebo (N = 25)

Sex, n (%)
 Male 15 (68.2) 14 (56.0)
 Female 7 (31.8) 11 (44.0)
Median age, years 68 (34-83) 67 (49-85)
Comorbidity, n (%)
 CV 7 (31.8) 10 (40.0)
 EM 2 (9.1) 5 (20.0)
 CV + EM 6 (27.3) 3 (12.0)
Tumor site, n (%)
 Right colon 10 (45.5) 9 (36.0)
 Left colon 6 (27.3) 14 (56.0)
 Rectum 6 (27.3) 2 (8.0)
Stage of disease, n (%)
 II 6 (27.3) 8 (32.0)
 III 7 (31.8) 10 (40.0)
 IV 9 (40.9) 7 (28.0)
Chemotherapy regimen
 Capecitabine 6 (27.3) 6 (24.0)
 FOLFOX +/− biologic agent 13 (59.1) 15 (60.0)
 XELOX 3 (13.6) 4 (16.0)
PS, ECOG, n (%)
 0 18 (81.8) 24 (96.0)
 1 4 (18.2) 1 (4.0)
EORTC QLQC-30, median (range) %
 Quality of life scale 66 (33-100) 66 (0-100)
 Function scale 82 (36-100) 81 (58-100)
 Symptoms scale 18 (0-38) 18 (3-90)
MNA, n (%)
 24-30 (normal) 7 (31.8) 12 (48.0)
 17-23.5 (at risk of malnutrition) 11 (50.0) 9 (36,0)
 <17 (malnourished) 4 (18.2) 4 (16.0)
MUST, n (%)
 0 5 (22.7) 14 (56.0)
 1 7 (31.8) 8 (32.0)
 ≥2 10 (45.5) 3 (12.0)
Body mass index, n (%)
 18.5-24.9 kg/m2 12 (54.5) 13 (52.0)
 25-30 kg/m2 7 (31.8) 7 (28.0)
 30.1-40 kg/m2 3 (13.6) 5 (20.0)
 <18.5 kg/m2 0 0

Abbreviations: CV, cardiovascular; EM, endocrine-metabolic; PS, performance status; ECOG, European Cooperative Oncology Group; EORTC, 
European Organization for the Research and Treatment of Cancer; MNA, Mini Nutritional Assessment; MUST, Malnutrition Universal Screening Tool.
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Figure 2. Mini Nutritional Assessment (MNA) differences between 2 treatment arms at baseline (T1), and after 3 (T2) and 6 (T3) 
months.

Figure 3. Malnutrition Universal Screening Tool (MUST) differences between 2 treatment arms at baseline (T1) and after 3 (T2) and 
6 (T3) months.
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groups, as well as in male and female patients. Moreover, 
about 50% of patients showed low body water.

Sarcopenia occurred in more than half of the population 
(85% of patients in arm A vs 83% in arm B) in agreement 
with the data described with the BIA, in both treatment 
groups, regardless of gender. In terms of age no difference 
was found between sarcopenic and non-sarcopenic patients 
(median age: 68 vs 63 years, respectively, P = .16). However, 
89.5% and 75.0% of patients older than 65 years were sar-
copenic and non-sarcopenic, respectively, but this differ-
ence was not statistically significant.

No significant differences were found in blood tests 
between the 2 arms, nor any relevant alterations of the ana-
lyzed inflammatory indexes. The level of vitamin D was 
found to be insufficient, with values markedly lower than 
the normal reference limits, both in the active group and in 
the placebo group (16.8 and 16.1 ng/mL, respectively).

T2 Evaluation

At the 3-month (T2) evaluation during chemotherapy, 33 
patients were reevaluated, 14 from arm A and 19 from arm 
B. Some patients were lost to follow-up (2 patients changed 
center, 1 died from an ischemic attack, and 7 patients were 
enrolled <3 months ago and have not done the T2 evalua-
tion visit yet). Some patients did not adhere to treatment (2 
patients randomized to ProLYOtin and 2 patients to pla-
cebo, because of nonspecific symptoms like sense of exces-
sive gastric fullness, nausea, abdominal bloating, and 
alteration of taste).

The majority of patients in both groups (71.4% of A arm 
vs 73.7% of B arm) showed a PS of ECOG = 0, although 1 
patient in placebo group showed PS of ECOG = 2. Therefore, 
the PS score of patients in the A arm did not show signifi-
cant modifications compared with the baseline evaluations. 
Meanwhile, in the B arm there was a slight worsening of 
clinical conditions. However, this difference was not statis-
tically significant.

After 3 months of treatment, a statistically significant 
difference between the 2 groups was registered in nutri-
tional conditions evaluated with the MNA score (Figure 2). 
All patients taking ProLYOtin were found normally nour-
ished according to their MNA score, while 26.3% of patients 
receiving placebo were found at risk of malnutrition (rela-
tive risk [RR] = 0.5, 95% CI = 0.34-0.72, P = .05); however, 
no malnutrition was reported in either group.

The MUST score showed similar distribution between 
the 2 groups (Figure 3): normal MUST was observed in 
71.4% of patients in A arm and 68.4% in B arm; 28.6% of 
patients in group A versus 21.1% in group B proved to be at 
risk of malnutrition. The condition of severe malnutrition 
was registered only among patients in the placebo group 
(10.5%). However, this difference was not statistically 
significant.

With regard to body mass index (BMI), none of patients 
presented a BMI <18.5 kg/m2; in both groups, cases of 
overweight or obese subjects are described, but the majority 
of normal-weight subjects are those taking ProLYOtin 
(42.9% vs 26.3% in groups A and B, respectively; Figure 4).

There were no significant differences of body weight 
between the 2 treatment groups.

The BIA measurements performed on 32/33 patients (1 
patient has a pacemaker) showed a different body weight 
distribution in the 2 groups (Figure 5), with the percentage 
of median lean mass higher in the female patients of the A 
arm (64.7%) compared with the B arm (58%) and among 
the males (72.4% of arm A vs 67.2% of arm B). Overall, 
there was in improvement in the LBM of group A, from 
68.5% to 71.2%, Z score (T2 > T1) = −2.48, P = .01, in 
comparison with group B, whose LBM from baseline to 
3-month evaluation remained stable (68.7% to 66.3%, Z 
score = −1.43, P = .15).

In the TC-L3 evaluation, the overall percentage of sarco-
penic patients was reduced, although sarcopenia remained a 
prevalent condition in both groups (Figure 6). However, the 
percentage of non-sarcopenic patients was higher in the 
ProLYOtin group (46%) compared with the placebo group 
(24%).

No significant differences were found from laboratory 
measurement, although the vitamin D values were increased 
compared with baseline assessments in the arm A (18.0 vs 
16.8 ng/mL at T2 vs T1, respectively).

Finally, no difference was reported in terms of quality of 
life between the 2 groups.

T3 Evaluation

The T3 evaluation, at 6 months from the start of treatment, 
was done on 28 patients (10 and 18 in arms A and B, respec-
tively): 3 patients of arm A and 1 of arm B were enrolled <6 
months ago, and therefore, at the time of the analysis they 
were considered lost to the follow-up; while 1 patient in the 
A arm was excluded from the last analysis for poor adher-
ence to the protocol. With regard to nutritional conditions, 
no further significant changes were found in terms of MNA 
(Figure 2), MUST (Figure 3), and BMI (Figure 4) compared 
with T2 evaluation.

At T3 evaluation in both treatment groups, the patients 
were well fed, with a good PS, and a variable BMI as in previ-
ous evaluations. However, patients in the ProLYOtin group 
reached a further improvement in the representation of LBM 
compared with the patients in the placebo group, in particular 
among females (73.2% vs 67.1% median of lean mass percent-
age between groups A vs B, respectively, P = .07; Figure 5). 
Even the 6-month sarcopenia evaluation was not particularly 
different between the 2 arms, although a higher percentage 
distribution of sarcopenia was maintained in the placebo 
group (63%) compared with the active group (40%; Figure 6).
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Figure 4. Body mass index differences between 2 treatment arms at baseline (T1) and after 3 (T2) and 6 (T3) months.

Figure 5. Bioelectrical impedance analysis differences between 2 treatment arms at baseline (T1) and after 3 (T2) and 6 (T3) months.
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Vitamin D level always remained lower than normal val-
ues, although a slightly positive difference was observed in 
the active group compared with the control group (18.6 vs 
17.8 ng/mL, respectively).

Even at the last evaluation, no differences between the 2 
groups were reported in terms of quality of life.

Predictive Markers of Sarcopenia and 
Correlations to Clinical Outcome

No statistically significant correlation resulted between the 
analyzed clinicopathological parameters and the condition 
of both sarcopenia and malnutrition. However, we found 
data of important clinical impact with regard to the toxici-
ties among the 2 treatment groups, and a correlation between 
toxicity onset and nutritional condition.

The assessment of toxicities resulting from chemother-
apy as evaluated according to CTCAE v 4.0 after 3 months 
revealed significant variations between the 2 groups. In 
detail, almost all patients taking ProLYOtin did not report 
treatment toxicity, neither hematological (86% vs 29% 
between arms A and B, respectively) nor gastrointestinal 
(94% in arm A vs 29% in arm B). Instead, high toxicity 
(grade ≥2 CTCAE v4.0) was only reported in patients tak-
ing placebo (23% and 47% hematological and gastrointesti-
nal, respectively). This difference was statistically 
significant for both hematological (P = .005) and 

gastrointestinal toxicity (P = .001; Figure 7a and b). No dif-
ference in hand-foot toxicity was found.

A statistically significant difference in the onset of toxic-
ity among patients taking ProLYOtin compared with the 
placebo group was also confirmed at the 6-month evalua-
tion: no adverse effect in 70% of patients in the ProLYOtin 
group versus 33.3% in the placebo group for hematological 
toxicity (P = .04) and 80% versus 27.8% for gastrointestinal 
toxicity (P = .02).

Moreover, a correlation between nutritional status and 
the onset of toxicity during therapy was found: patients at 
risk of malnutrition or malnourished after 3 months of che-
motherapy have a significantly higher risk of developing 
any grade toxicities compared with patients in normal nutri-
tional conditions, according to MNA (RR = 1.5, 95% CI = 
1.0-2.02, P = .02, for gastrointestinal toxicity) and MUST 
(RR = 7.5, 95% CI = 1.3-44.1, P = .02, for hematological 
toxicity). Despite the fact that polychemotherapeutic regi-
mens are usually burdened by higher toxicity when com-
pared with monochemotherapy, no statistically significant 
differences have been found between the schedules of che-
motherapy taken by our patients (P = .40 and P = .54 for 
correlation between chemotherapy and hematological or 
gastrointestinal toxicity, respectively).

We used binary logistic regression to identify which fac-
tor is more predictive of chemotherapy toxicity between the 
nutritional parameters considered (MNA, MUST, BMI, 

Figure 6. Sarcopenia evaluation by TC-L3 at baseline (T1) and after 3 (T2) and 6 (T3) months.
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lean mass after 3 months of therapy) and the use of protein 
support. From this univariate analysis, we report that a con-
dition of risk or malnutrition according to MUST correlated 
with the occurrence of hematological toxicity (P = .02); a 
poor nutritional condition according to MNA correlated 
with a greater risk of gastrointestinal toxicity (P = .02); in 
both toxicities, there was a trend in favor of patients with 
normal or better LBM compared with baseline control (P = 
.08). However, the parameter that most significantly influ-
enced the good tolerability of chemotherapy was the intake 
of whey protein supplements. Indeed, patients taking 
ProLYOtin presented a protection against the risk of devel-
oping any grade toxicity compared with placebo (hazard 
ratio = 0.12, 95% CI = 0.02-0.62, P = .01).

Discussion and Conclusion

According to literature data,6 our study showed a high rate of 
sarcopenic and malnourished patients starting with the first 
oncological visit and the beginning of chemotherapy. 
Although often underestimated, such conditions may nega-
tively affect the clinical outcome of cancer patients.2-5 
Therefore, an early diagnosis of malnutrition or the risk of 
malnutrition, and a therapeutic intervention for nutritional 
status appear very important in oncology.7-10 As shown in our 
placebo-controlled, randomized clinical trial, nutritional sup-
port with highly purified whey protein could be an important 
therapeutic option to improve nutritional status, LBM, SMI, 
and particularly to prevent severe toxicity during chemother-
apy. However, not all protein is created equal: some forms of 
proteins are better than others and whey protein is more than 
just a protein. Whey proteins are a mixture of proteins iso-
lated from whey (the liquid part of milk) and contains many 

nutrients with beneficial biological effects. The important 
fact is that whey proteins can give the patients a high-quality 
protein supplementation and, at the same time, a good digest-
ibility and excellent nutritional  values.12,13 Whey proteins 
contain a wide range of essential amino acids and they are 
quickly absorbed, but in general, they have a major flaw: 
their smell is nauseating and their taste is strange; this could 
be an important problem because it reduces the compliance 
of patients with taking the proteins. This is the reason why, in 
our study, we used the “highly purified whey proteins,” 
which had been submitted to high technological processes 
that made whey proteins totally odorless and tasteless, with 
less than 2% of lactose and without casein (so people intoler-
ant to milk can use it). They can be diluted in water or in other 
beverages at lukewarm temperatures.

Whey proteins have been historically used to improve 
athletic performance; moreover, they have been recently 
used in many clinical trials.12,13 These studies demonstrate 
that the use of whey protein, in association to a healthy diet 
and a good physical activity, in a group of oncologic patients 
affected by sarcopenia (above all patients affected by colon 
cancer) can improve their PS and their muscular strength. In 
fact, they promote a redistribution of fat and muscle mass in 
the human body (which we have shown with the use of bio-
electrical impedance).

Moreover, the latest studies reveal that whey proteins 
can also give patients (not only patients affected by neo-
plastic disease but also infective and metabolic conditions) 
an important antioxidant power; in fact their ingestion 
induces an increase in the levels of glutathione, the human 
body’s most important defense against oxidative stress.14,15 
Glutathione is a tripeptide, it is ubiquitous in human cells, 
and it has a role in the expulsion of drugs from the body and 

Figure 7. (a) Significant hematological toxicity differences between treatment arms. (b) Significant gastrointestinal toxicity differences 
between treatment arms.
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in the transport of amino acids through the cellular mem-
branes. It is a cofactor in many chemical enzymatic reac-
tions of human cell. Moreover, it prevents the oxidation of 
cells by its own oxidation. It is clear that the increase in the 
level of glutathione when the organism is exposed to toxici-
ties (radiation or chemotherapies) can be an important 
defense for the body. The biological components of whey 
proteins have a large range of immune-enhancing proper-
ties and, moreover, there are some studies of their ability to 
act not only as an antioxidant, but also as an antihyperten-
sive, antitumor, hypolipidemic, antiviral, antibacterial 
agent.16 Whey proteins have an iron-binding capacity that 
may contribute to their anticancer potential because of the 
mutagenic action of iron that can cause oxidative damage to 
tissues.17 Regarding immune function, immunoglobulins 
constitute approximately 10% to15% of whey proteins.18 
Some studies observed an increase in the percentage of 
immunoglobulin (Ig) G after whey protein supplementa-
tion; IgG contained in whey proteins has a potential immune 
modulatory effect in humans.19 There are some bioactive 
components of whey (a-lactalbumin, b-lactoglobulin, and 
lactoferrin) that may offer protection against infections by 
enhancing immunity and this could be important to allevi-
ate chemotherapy-related toxicity. One of the cytotoxic 
effects of cancer chemotherapy is mucositis, characterized 
by the alteration of absorptive capacity and gut barrier dys-
function; there is evidence that gut protein metabolism is 
also altered during mucositis (decreasing of protein synthe-
sis and increasing of proteolysis).20 Whey protein supple-
mentations during chemotherapy should limit intestinal 
damage during the acute phase of mucositis by improving 
intestinal protein metabolism. The integration of diet with 
whey proteins may also increase the levels of secretory IgA, 
which plays a major role in intestinal barrier function.21 
Moreover, whey proteins can improve vitamin B

12
 and 

folate absorption and this should increase platelet count and 
therefore may reduce platelet depletion, which is one of the 
most common chemotherapy-related hematological side 
effects.22 According to the aforementioned background, 
whey protein supplementation could increase glutathione 
levels in cancer patients, improving both their nutritional 
status and immunity during chemotherapy exposure.

Although there are limits to preliminary results, we 
report relevant data in the field of nutritional oncology 
where data about the role of nutritional support during 
chemotherapy are still missing. Our study showed how an 
early nutritional intervention and nutritional counseling 
may prevent the onset of sarcopenia and malnutrition, as 
well as improve patients’ tolerance to chemotherapy. We 
did not measure the concentration of glutathione in our 
study, but as reported above, increase of glutathione lev-
els induced by whey proteins, could be the key to explain-
ing the lower chemotherapy toxicity in the ProLYOtin 
group versus the placebo group. Accordingly, recent 

studies underline the important role of supplementation 
with antioxidant molecules in order to reduce the neuro-
logical23 and cardiac24 chemotherapy-related toxicities.

Further studies are awaited to better understand the 
effects of whey protein against chemotherapy toxicity and 
by selecting more accurately those patients who may bene-
fit from preventive whey protein support. Our future per-
spective will be in fact to widen the study population, to 
assess the effects of exercise and physical activity on che-
motherapy tolerability, to consider intestinal microbiota 
variations related to protein supplementation, and to evalu-
ate the oxide-reductive stress of each patients from both a 
genotypic and phenotypic standpoint.
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