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A B S T R A C T   

Epidermal Growth Factor Receptor (EGFR) inhibition leads to the production of reactive oxygen metabolites 
causing skin inflammatory reactions. Anti-EGFR therapies are frequently associated with skin toxicities which 
often cause treatment delay and impairment to patient quality of life. Lycopene is a compound in the carotenoid 
group with an extreme antioxidant action which accumulates in the skin due to its hydrophobic structure. In a 
pilot study, we describe lactolycopene effectiveness in reducing skin toxicity and protecting tissues from 
oxidative stress in patients treated with panitumumab. Despite the limited number of patients, we show an 
absolute reduction of skin grade 2–3 toxicity in 41% of patients and 46% of panitumumab cumulative cycles in 
the experimental group versus placebo; lactolycopene administration was able to abolish malondialdehyde 
(MDA) production, a biomarker used to measure lipid peroxidation in the organism, and replenish antioxidant 
consumption in the course of anti-EGFR therapy. 

Trial registration: Clinicaltrials.gov NCT 03,167,268 (Pasto trial).   

Abbreviations: Folfiri, leukovorin, 5-fluorouracil, and irinotecan; Folfox, leukovorin, 5-fluorouracil, and oxaliplatin; ROS, reactive oxygen species; EGFR, 
Epidermal growth factor receptor; MDA, malondialdehyde. 
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1. Introduction 

Anti-neoplastic agents induce the production of reactive oxygen 
species (ROS) in patients treated for neoplastic diseases (Weijl NI et al., 
1997). Moreover, Epidermal Growth Factor Receptor (EGFR) inhibition 
leads to the production of ROS, particularly causing skin inflammatory 
reactions. ROS injure cells and tissue directly via oxidative degradation 
of essential cellular components and indirectly by altering the protease/ 
antiprotease balance that normally exists within the interstitial space of 
the tissue. ROS may also initiate and/or amplify inflammation via the 
upregulation of different genes involved in the inflammatory response 
by the activating transcription factors, such as nuclear transcription 
factor kB (NF-kB) (Weijl NI et al.,1997; Busam KJ et al., 2001; Ben-Dor A 
et al., 2005). Most patients treated with anti-EGFR drugs show derma-
tologic toxicity of any grade, and 10–20% of them with severe toxicity 
which can cause treatment delay and impairment to patient quality of 
life (Van Custen E et al., 2007). 

Lycopene is a compound in the carotenoid group, largely contained 
in tomatoes and their derivatives, with an extreme antioxidant action. 
Tomato (Solanum Lycopersicum) is the biggest food source but lycopene 
is contained in an array of other pink or red fruits as well as guava 
(Psidium Guajava), watermelon (Citrullus Lanatus), papaya (Carica 
Papaya), pink grapefruit (Citrus Paradisi) and others. In the pericarpal 
tissue of ripe tomato fruits, lycopene is localized in cellular compart-
ments, the chromoplasts, where the crystals are associated with mem-
brane structures. The characteristics of a lycopene-based formulation 
have a marked effect on the bioavailability of lycopene, including 
complexation with proteins, minimized crystal size, and cis- rather than 
trans- isomer. The bioavailability of lycopene from tomato products is 
greatly enhanced after mechanical texture disruption and thermal pro-
cessing. Lycopene from fresh and unprocessed tomatoes is poorly 
absorbed by humans whereas absorption is higher from processed foods 
such as tomato paste and tomato juice heated in oil. Similar bioavail-
ability is exhibited by “lactolycopene”, a formulation in which lycopene 
from tomato oleoresin is embedded in a whey protein matrix (Conner 
EM Grisham MB, 1996; Di Mascio P et al., 1989; Richelle M et al., 2002). 
As a result of its hydrophobic property, lycopene accumulates specif-
ically in the skin and, as a powerful ROS scavenger, it may well be 
effective in reducing anti-EGFR drug toxicity at this site (Young AJ Lowe 
GM, 2001; Balić A Mokos M, 2019). 

2. Materials and methods 

2.1. Study design and patients 

This multi-centre phase-II randomized double-blind Panitumumab 
Skin Toxicity Prevention (PASTO) pilot study enrolled patients with 
metastatic colorectal cancer undergoing panitumumab-containing 
therapy. In total, 28 patients were treated with lactolycopene or pla-
cebo p.o. in order to assess the effectiveness of prophylactic treatment 
with lactolycopene in reducing skin toxicity and oxidative stress. Stan-
dard schedules of panitumumab containing therapy were administered 
according to therapeutic indications as a single agent or in combination 
with Oxaliplatin, Irinotecan and Fluorouracil every two weeks. Main 
inclusion criteria included: a) no previous treatment with anti-EGFR 
drugs, b) no other systemic antineoplastic therapy during the three 
weeks before randomization, c) no dermatological ongoing diseases 
which contraindicated the treatment or made skin toxicity assessment 
difficult, d) absence of clinical conditions which could alter lycopene 
absorption (altered intestinal transit, malabsorption) and e) no intoler-
ance/allergy to tomato or milk. 

Written informed consent for experimentation with human subjects 
was obtained from all patients. The protocol was approved by the ethics 
committees of all the participating institutions. 

2.2. Randomization and masking 

Patients were randomly assigned (1:1) to lactolycopene or placebo 
treatment with a computerized minimization algorithm that generated a 
trial number and drug pack allocation for each patient. Randomization 
was done centrally by the Clinical Epidemiology and Biometrics Service 
– Scientific Direction, IRCCS Foundation San Matteo Hospital, Pavia. 
Sequence generation, enrolment and trial group assignment were car-
ried out by the statistician who was not involved in the clinical running 
of the trial or data collection. Neither patients nor researchers were 
aware of the treatment given to each patient. The two groups were 
balanced according to gender, the administration of panitumumab in 
monotherapy or in association with chemotherapy and the institution 
where patients were treated. Identical looking lactolycopene and whey- 
proteins-containing placebo tablets were prepared specifically for the 
trial, packaged and labelled in identical blister packs by Indena Phar-
maceutical (Indena S.p.A., Milan, Italy) for each patient, and specifically 
distributed to institutions according to the randomization list. Patients 
were enrolled by research staff at each centre after undergoing eligibility 
checks. 

2.3. Procedures 

Administration of a daily 20 mg dose or lactolycopene or placebo 
commenced the day before the first cycle of panitumumab and was 
taken orally for the entire duration of the treatment, until progression of 
the disease or definitive drug suspension for toxicity. Standard sup-
portive care, comprising moisturizing cream, topical use of antibiotics 
and/or hydrocortisone, could be administered to patients according to 
clinical practice. The administration of tetracyclines p.o., frequently 
used to treat papulopustular eruption during anti-EGFR treatments, was 
not allowed for a prophylactic purpose but only for skin toxicity ≥ G2. 

Skin toxicity was evaluated in accordance with the Multinational 
Association for Supportive Care in Cancer (MASCC) Criteria Score for 
skin toxicity due to anti-EGFR treatments, a 4-degree scale system 
describing the characteristics of the different grades of toxicity (G0 as no 
toxicity, G1 as mild toxicity, G2 as moderate toxicity and G3 as severe 
toxicity) relating to the different skin side effects commonly appearing 
during treatment with these drugs (xerosis and itching, nail changes and 
papulopustular erythema) (Lacouture ME et al., 2010). 

Each patient was evaluated at the beginning of each cycle with 
panitumumab. 

We collected blood vials from 19 patients at different predetermined 
times of treatment in order to evaluate plasma concentrations of lyco-
pene, β-carotene and malondialdehyde (MDA), a biomarker used to 
measure the level of oxidative stress in the organism (Matsuo I et al., 
1983). Blood samples were taken at about 9am at baseline (Day 0), the 
day after the first administration of lactolycopene/placebo (Day 1), 3 
days after the beginning of treatment with lactolycopene/placebo (Day 
3), before the beginning of the second cycle with panitumumab (Day 
15), before the beginning of the third cycle with panitumumab (Day 29) 
and before the beginning of the fifth cycle with panitumumab (Day 71). 
A blood aliquot was collected, allowed to separate at room temperature, 
before being centrifuged at 2,000 g for 15 min. The plasma thus obtained 
was immediately frozen at –80 ◦C for subsequent assays. 

Plasma MDA concentration was determined by high performance 
liquid chromatography (HPLC) with fluorescent detection, based on 2-thi-
obarbituric acid (TBA) assay. One molecule of MDA reacts with two 
molecules of TBA to form a pink-coloured, fluorescent (λ ex, 515 nm; λem, 
553 nm) derivative or TBA-MDA condensation under acidic conditions 
and elevated temperatures for an extended reaction time. Analytical re-
coveries were 99%, within- and between-run CVs were < 3% and < 9% 
respectively and the detection limit was 0⋅01 µmol/l (Malondialdehyde in 
serum/plasma HPLC Kit, Chromsystems Instruments & Chemicals; Gra-
felfing/Germany) (Tsikas, 2017; Janero, 1990; Domijan et al., 2015). 
Plasma lycopene and β-carotene concentrations were determined by an 

M. Moroni et al.                                                                                                                                                                                                                                 



Journal of Functional Foods 83 (2021) 104533

3

Ta
bl

e 
1 

Fe
at

ur
es

 o
f p

at
ie

nt
s,

 tr
ea

tm
en

t a
nd

 s
ki

n 
to

xi
ci

ty
 in

 th
e 

ly
co

pe
ne

 g
ro

up
.  

 

LY
CO

PE
N

E 
G

RO
U

P 
   

   
  

Ki
nd

 o
f G

2/
G

3 
sk

in
 si

de
 e

ffe
ct

s  
Ra

nd
om

iz
at

io
nN

um
be

r 
Ph

ar
m

ac
ok

in
et

ic
 

G
en

de
r 

A
ge

 
Th

er
ap

y 
Li

ne
 

Pa
ni

tu
m

um
ab

 A
dm

in
ist

ra
tio

n 
(c

yc
le

s)
 

Sk
in

to
xi

ci
ty

 G
2/

G
3 

Pa
pu

lo
pu

stu
la

re
ry

th
em

a 
N

ai
lc

ha
ng

es
 

Xe
ro

sis
/I

tc
h 

To
xi

ci
ty

Du
ra

tio
n 

(c
yc

le
s)

  

1_
7 

ye
s 

M
 

71
 

1s
t -

 w
ith

 F
ol

fo
x 

6 
no

 
no

 
no

 
no

 
_  

1_
9 

ye
s 

M
 

78
 

3r
d 

- m
on

ot
he

ra
py

 
6 

no
 

no
 

no
 

no
 

_  
1_

11
 

ye
s 

M
 

82
 

1s
t -

 m
on

ot
he

ra
py

 
4 

no
 

no
 

no
 

no
 

_  
1_

2 
ye

s 
F 

58
 

1s
t -

 w
ith

 F
ol

fo
x 

5 
ye

s 
ye

s 
ye

s 
ye

s 
2 

 
3_

8 
ye

s 
M

 
82

 
4t

h 
-m

on
ot

he
ra

py
 

7 
ye

s 
ye

s 
no

 
ye

s 
5 

 
5_

1 
ye

s 
F 

62
 

1s
t w

ith
 F

ol
fo

x 
4 

no
 

no
 

no
 

no
 

_  
5_

8 
ye

s 
M

 
74

 
1s

t w
ith

 F
ol

fo
x 

6 
no

 
no

 
no

 
no

 
_  

5_
10

 
ye

s 
M

 
82

 
1s

t w
ith

 F
ol

fo
x 

4 
no

 
no

 
no

 
no

 
_  

5_
12

 
ye

s 
M

 
66

 
1s

t w
ith

 F
ol

fo
x 

5 
no

 
no

 
no

 
no

 
_  

2_
1 

ye
s 

F 
24

 
1s

t w
ith

 F
ol

fo
x 

2 
no

 
no

 
no

 
no

 
_  

2_
8 

no
 

M
 

82
 

2n
d 

w
ith

 F
ol

fir
i 

5 
no

 
no

 
no

 
no

 
_  

6_
2 

no
 

F 
62

 
1s

t w
ith

 F
ol

fo
x 

4 
ye

s 
ye

s 
no

 
ye

s 
1 

 
6_

7 
no

 
M

 
59

 
1s

t w
ith

 F
ol

fo
x 

6 
no

 
no

 
no

 
no

 
_  

   
  

64
   

  
8 

A
bb

re
vi

at
io

ns
: F

ol
fir

i =
le

uk
ov

or
in

, 5
-fl

uo
ro

ur
ac

il,
 a

nd
 ir

in
ot

ec
an

; F
ol

fo
x 
=

le
uk

ov
or

in
, 5

-fl
uo

ro
ur

ac
il,

 a
nd

 o
xa

lip
la

tin
. 

Ta
bl

e 
2 

Fe
at

ur
es

 o
f p

at
ie

nt
s,

 tr
ea

tm
en

t a
nd

 s
ki

n 
to

xi
ci

ty
 in

 th
e 

pl
ac

eb
o 

gr
ou

p.
  

PL
A

CE
BO

 G
RO

U
P 

   
   

  
Ki

nd
 o

f G
2/

G
3 

sk
in

 si
de

 e
ffe

ct
s  

Ra
nd

om
iz

at
io

nN
um

be
r 

Ph
ar

m
ac

ok
in

et
ic

 
G

en
de

r 
A

ge
 

Th
er

ap
y 

Li
ne

 
Pa

ni
tu

m
um

ab
 A

dm
in

ist
ra

tio
n 

(c
yc

le
s)

 
Sk

in
to

xi
ci

ty
 G

2/
G

3 
Pa

pu
lo

pu
stu

la
re

ry
th

em
a 

N
ai

lc
ha

ng
es

 
Xe

ro
sis

/I
tc

h 
To

xi
ci

ty
Du

ra
tio

n 
(c

yc
le

s)
  

1_
1 

ye
s 

F 
74

 
1s

t w
ith

 F
ol

fo
x 

12
 

ye
s 

ye
s 

no
 

no
 

7 
 

1_
8 

ye
s 

M
 

68
 

2n
d 

w
ith

 F
ol

fir
i 

1 
ye

s 
ye

s 
no

 
no

 
1 

 
1_

10
 

ye
s 

M
 

86
 

4t
h 

m
on

ot
he

ra
py

 
4 

no
 

no
 

no
 

no
 

_  
1_

12
 

ye
s 

M
 

76
 

1s
t w

ith
 F

ol
fo

x 
10

 
ye

s 
ye

s 
no

 
no

 
3 

 
3_

7 
ye

s 
M

 
73

 
1s

t w
ith

 F
ol

fo
x 

3 
no

 
no

 
no

 
no

 
_  

5_
7 

ye
s 

M
 

55
 

1s
t w

ith
 F

ol
fo

x 
5 

no
 

no
 

no
 

no
 

_  
5_

9 
ye

s 
M

 
81

 
2n

d 
w

ith
 F

ol
fo

x 
3 

ye
s 

ye
s 

no
 

no
 

3 
 

5_
11

 
ye

s 
M

 
58

 
1s

t w
ith

 F
ol

fo
x 

6 
ye

s 
ye

s 
no

 
ye

s 
6 

 
2_

2 
ye

s 
F 

39
 

2n
d 

w
ith

 F
ol

fii
ri

 
5 

ye
s 

ye
s 

ye
s 

ye
s 

2 
 

2_
7 

ye
s 

M
 

65
 

2n
d 

w
ith

 F
ol

fir
i 

12
 

ye
s 

ye
s 

no
 

no
 

4 
 

6_
1 

no
 

F 
59

 
1s

t w
ith

 F
ol

fo
x 

6 
no

 
no

 
no

 
no

 
_  

6_
8 

no
 

M
 

76
 

1s
t w

ith
 F

ol
fo

x 
6 

ye
s 

ye
s 

no
 

ye
s 

2 
 

6_
9 

no
 

M
 

55
 

1s
t w

ith
 F

ol
fo

x 
6 

no
 

no
 

no
 

no
 

_  
7_

1 
no

 
F 

48
 

1s
t w

ith
 F

ol
fo

x 
6 

ye
s 

ye
s 

no
 

ye
s 

4 
 

9_
7 

no
 

M
 

72
 

4t
h 

w
ith

 F
ol

fir
i 

7 
ye

s 
ye

s 
ye

s 
ye

s 
4 

   
   

92
   

  
36

 

A
bb

re
vi

at
io

ns
: F

ol
fir

i =
le

uk
ov

or
in

, 5
-fl

uo
ro

ur
ac

il,
 a

nd
 ir

in
ot

ec
an

; F
ol

fo
x 
=

le
uk

ov
or

in
, 5

-fl
uo

ro
ur

ac
il,

 a
nd

 o
xa

lip
la

tin
. 

M. Moroni et al.                                                                                                                                                                                                                                 



Journal of Functional Foods 83 (2021) 104533

4

isocratic HPLC system with UV/VIS detection. The sample clean-up pro-
cedure combines a fast precipitation and extraction step. A special RP- 
chromatography procedure ensures a reliable separation of lycopene 
and α-, cis-β- and all-trans-β-carotene as well as some further carotenoids 
in <10 min. The analyses are quantified by the inclusion of an internal 
standard, which is a non-naturally occurring carotenoid-derivative, so 
that only a single detection wavelength is required (453 nm). Analytical 
recovery was 107%, within- and between-run CVs were < 0⋅8% and <
2⋅3% respectively and the detection limit was 5⋅0 ng/ml/l (ß-Carotene in 
serum/plasma HPLC Kit, Chromsystems Instruments & Chemicals; Gra-
felfing/Germany) (Tiwari et al., 2019; Franko et al., 1998; Talwar et al., 
1998). All data were collected in an anonymized paper format and then 
recorded in a secure database in the Oncology Division of the San Carlo 
Borromeo Hospital in Milan. 

All data were collected in an anonymized paper format and then 
recorded in a secure database in the oncology division of the San carlo 
borromeo Hospital in Milan. 

2.4. Outcomes 

The primary endpoint of the PASTO study was to verify the effec-
tiveness of lycopene v. placebo in reducing skin toxicity in patients 
treated with panitumumab, by analysing differences in: a) mean grade of 
skin toxicity during the treatment, b) frequency and duration of ≥ G2 
skin toxicity, and c) frequency of tetracycline administration. Then, 
lycopene, β-carotene and MDA plasma concentrations were analysed to 
test lycopene antioxidant efficacy during panitumumab-containing 
treatments. 

2.5. Statistical analysis 

The sample size for the phase-II PASTO clinical trial was calculated 
to satisfy the primary objective of the study, i.e. clinical effectiveness on 
skin toxicity, in accordance with the following assumptions: (a) the 
proportion of patients with grade 2–3 toxicity in the control group is 
80% (Van Custen E et al., 2007), (b) an absolute reduction of grade 2–3 

Fig. 1. Difference in ≥ G2 skin toxicity frequency between lactolycopene group (green) and placebo (red) during panitumumab containing treatment. Data are 
relative to the number of patients and number of panitumumab cycles administered in the two groups. 

Fig. 2. Time from the initial lactolycopene/placebo treatment to the appearance of a ≥ G2 skin toxicity: difference between the two groups (p = 0.0007 log- 
rank test). 
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toxicity of 30% in the experimental group, (c) power of 80%, (d) a type I 
error (with two tails) of 5%, (e) 1:1 ratio in enrolment in both groups, 
and (f) a Fisher exact test to assess the differences with a 95% confidence 
interval (CI) − 100 patients would have to be enrolled, calculating a 
10% drop-out (90 patients necessary for assessment). Toxicity events 
were represented with a Kaplan-Meier curve and compared with a log- 
rank test. Mean toxicity values were represented at each time point 
(bars represent standard errors [s.e.]). A multivariable mixed effect 
ordinal logistic regression model is fitted. The analysis program used 
was v 16.0 (Stata Corp USA). 

The double-blind was opened after the first 28 patients showed un-
usually low skin toxicity compared to that commonly seen in clinical 
practice during panitumumab-containing treatments. Two enrolled pa-
tients with no or low skin toxicity during panitumumab treatment before 
surgery for resectable liver metastases, showed a moderate-severe 
toxicity with the resumption of panitumumab after surgery, having 
come out of the clinical trial. An interim analysis of data was undertaken 
by the investigators so that study design could be improved and to 
enlarge recruitment from other institutions. A specific report notified 
the Ethics Committees before opening the double blind. 

The concentrations of lycopene, β-carotene and MDA in the plasma 
of the two groups were analysed by descriptive statistics for pharma-
cokinetic parameters. 

3. Results 

We analysed skin toxicity in 13 patients treated with lactolycopene 
and 15 patients treated with placebo. Characteristics of patients and skin 

toxicities are summarized in Tables 1 and 2 
Taking G0 + G1 together as representing no-low toxicity and G2 +

G3 as moderate-severe toxicity, 10 of the 15 patients in the placebo 
group (66.7%) developed a ≥ G2 skin toxicity relative to any kind of skin 
side effect commonly appearing in course of panitumumab treatment 
compared to 3 of the 13 patients (23.1%) in the lycopene group. In the 
placebo group, a ≥G2 skin toxicity occurred during 36 of the cumulative 
92 panitumumab cycles (39.1%). In contrast, a ≥ G2 skin toxicity was 
recorded in only 8 of the 64 cumulative cycles (12.5%) in the lycopene 
group (Fig. 1). Briefly, an absolute reduction of skin grade 2–3 toxicity in 
41% of patients and 46% of panitumumab cumulative cycles was shown 
in the experimental group versus placebo. The time from the initial 
lactolycopene/placebo treatment to the appearance of a ≥ G2 skin 
toxicity was significantly different in the two groups (p = 0.0007 log- 
rank test) (Fig. 2). Panitumumab administration was delayed by one 
week due to skin toxicity in 4 of the 15 patients (26.7%) in 6 of the 92 
cumulative cycles (6.5%) in the placebo group. No delay in the sched-
uled treatment was needed in the lycopene group. A p value < 0.05 for 
the mean value of skin toxicity was shown at specific times of the 
treatment (Fig. 3) despite the increased use of tetracyclines in the pla-
cebo group. A multivariate analysis was performed to evaluate factors 
possibly influencing the difference in skin toxicity in the two groups 
(Table 3). 

According to the protocol, tetracyclines were administered for ≥ G2 
skin toxicity in 3 of the 13 patients (23.1%) during 8 of the 64 cumu-
lative cycles (12.5%) in the lycopene group and 10 of the 15 patients 
(66.7%) during 36 of the 92 cumulative cycles (39.1%) in the placebo 
group. 

Lycopene, β-carotene and MDA concentrations were evaluated in the 
plasma of 10 patients treated with lactolycopene and 9 patients treated 
with placebo at different times of treatment. Lycopene, β-carotene and 
MDA concentrations were analysed as the difference between the mean 
value of each component during lactolycopene/placebo treatment 
(Day1 + Day 3 + Day 15 + Day29 + Day 71) and the value of the same 
component at Day 0 compared to the value of the same component at 
Day 0 (lycopene index, β-carotene index and MDA index, respectively) 
(Table 4). 

Lycopene was depleted during panitumumab treatment, with a mean 
lycopene index decrease of –141.9% in the placebo group, and with 5 
out of 9 patients showing a lower mean plasma concentration during 
antineoplastic treatment than at Day 0; the β-carotene index also 
decreased –157.2% in the placebo group, with 8 out of 9 patients 
showing a lower mean plasma concentration during treatment than at 
Day 0. 

When patients were supported with lactolycopene, the mean lyco-
pene index increased ± 94.2%, with 6 out of 10 patients showing a 
higher mean concentration during antineoplastic treatment compared to 
Day 0. In the same group, mean β-carotene index decreased –105.5%, 
although 4 out of 10 patients had an increased mean plasma concen-
tration during antineoplastic treatment compared to Day 0 (Fig. 4). 

The mean MDA index was extremely high in the placebo group, with 

Fig. 3. Mean skin toxicity values at each time point (bars represent standard 
errors). A p < 0.05* was shown at specific time points of the lactolycopene/ 
placebo treatment. 

Table 3 
Multivariate analysis of factors possibly influencing the difference in skin toxicity in the two groups.  

Multivariate analysis. 
Abbreviations: Gender 2: male; Group 2: Treated with laclolycopene; Tetrac: Use of tetracyclines; coef.: coefficient; z: standardized normal distribution; p: p-value. 
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Table 4 
Lycopene, β-carotene and MDA concentrations in the plasma of each patient at baseline, different times during panitumumab containing therapy and as mean value of each 
component in patients treated with lactolycopene (green) and patients treated with placebo (red). Lycopene, β-carotene and MDA Indexes are calculated as the difference 
between the mean concentration of each component during lactolycopene/placebo treatment (Day 1 + Day 3 + Day 15 + Day 29 + Day71) and the value of the same 
component at Day 0 compared to the value of the same component at Day 0, for each patient.  

SUBJECT RANDOMIZATION 
NUMBER  1_1 1_2 1_7 1_8 1_9 1_10 1_11 1_12 3_7 3_8 5_7 2_1 2_7 5_1 5_8 5_9 5_10 5_11 5_12 

Day 0 

LYCOPENE ng/ml 1026 377 753 300 1071 464 531 537 140 493 70 178 883 199 420 162 548 388 543 

β-CAROTENE ng/ml 297 130 703 219 437 293 32 275 95 193 140 390 646 177 47 129 256 57 148 

MDA μM 0,55 0,57 0,52 0,37 0,44 0,5 0,5 0,9 0,11 1,11 0,6 0,85 1,08 0,18 0,18 0,22 0,16 0,13 0,39 

Day 1 

LYCOPENE ng/ml 1039 402 702 278 1245 292 487 144 407 76 362 637 251 463 306 559 340 646 

β-CAROTENE ng/ml 267 140 634 174 407 285 257 117 247 129 406 545 184 76 137 245 50 152 

MDA μM 0,58 0,56 0,65 0,62 0,62 0,46 0,79 0,63 0,43 0,66 0,82 0,93 0,19 0,18 0,13 0,27 0,14 0,12 

Day 3 

LYCOPENE ng/ml 1159 413 834 313 1435 583 551 121 497 69 131 910 355 341 228 408 443 632 

β-CAROTENE ng/ml 278 150 642 197 433 40 275 106 255 143 320 620 216 56 119 176 62 139 

MDA μM 0,56 0,66 0,36 0,54 0,92 0,42 0,62 0,65 0,46 0,75 1,27 1,28 0,16 0,19 0,11 0,21 0,18 0,1 

Day 15 

LYCOPENE ng/ml 533 793 686 302 1136 589 583 428 65 645 45 297 628 156 361 151 164 337 461 

β-CAROTENE ng/ml 212 185 405 173 343 266 39 249 66 268 115 426 328 122 83 127 98 52 138 

MDA μM 0,66 0,52 0,36 0,58 0,69 0,51 0,72 0,68 0,6 0,98 1 0,15 0,15 0,15 0,15 0,28 0,13 

Day 29 

LYCOPENE ng/ml 517 695 682 177 1146 712 519 411 78 590 32 914 574 243 117 207 384 240 

β-CAROTENE ng/ml 264 199 336 163 401 215 28 173 82 376 83 483 166 41 108 108 58 63 

MDA μM 0,52 0,62 0,43 0,49 0,66 0,56 0,47 0,49 0, ,013,088,014,028 31 0,12 0,1 0,35 0,16 

Day 71 

LYCOPENE ng/ml 613 545041502274145745898446

β-CAROTENE ng/ml 299 399423117447063222743

MDA μM 0,57 ,085,04,057,014,0 91,032,022,069

Mean 
Value 

LYCOPENE ng/ml 772,2 575,8 709,6 267,5 1172 531 561,7 469,3 102 537,2 55,2 263,3 912,2 308,2 309,6 200,5 334,5 409,8 494,8 

β-CAROTENE ng/ml 264 168,5 472,8 176,75 361,2 255,33 35,67 238,5 92,75 301,2 108,8 384 489,4 164 61 122,75 156,75 63 123 

MDA μM 0,58 0,59 0,44 0,56 0,73 0,51 0,47 0,66 0,7 0,46 0,66 1,02 1,01 0,21 0,21 0,13 0,18 0,23 0,13 

Index 

LYCOPENE % -24,70% 52,70% -5,80% -10,80% 9,40% 14,40% 5,80% -12,60% -27,10% 9,00% -21,10% 47,90% 3,30% 54,90% -26,30% 23,80% -39,00% 5,60% -8,90% 

β-CAROTENE % -11,10% 29,60% -32,70% -19,30% -17,30% -12,90% 11,50% -13,30% -2,40% 56,10% -22,30% -1,50% -24,2,% -7,30% 29,80% -4,80% -38,80% 10,50% -16,90% 

MDA % 2,20% 3,50% -15,00% 50,70% 65,50% 2,00% -6,70% -27.2% 531,80% -58,60% 10,60% 20,40% -6,50% 14,40% 17,80% -42,00% 14,10% 75,40% -67,30% 

Abbreviation: MDA = malondialdehyde. 
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an increased value of + 109.4%, and 6 out of 9 patients showing a higher 
mean concentration during treatment compared to Day 0. In patients 
supported with lactolycopene, the mean MDA index decreased –68.8%, 
with 4 out of 10 patients showing a lower mean concentration during 
treatment than at Day 0 (Fig. 4). 

4. Discussion 

Regulation of EGFR signalling plays a major role in protecting cells 
against oxidative stress and inhibition of the EGFR pathway induces cell 
injury and killing due to oxidative stress (Chen et al., 2007; Wang et al., 
2000; Orcutt et al., 2011). Lycopene is a compound with a considerable 
antioxidant action. Prolonged use in the diet of β-carotene in general, 
and lycopene in particular, is effective in protecting skin from ageing, 
and sunlight and radiotherapy damage (Aghajanpour M et al., 2017; 
Grether-Beck S et al., 2017; Petyaev IM et al., 2018). 

We obtained similar reductions in skin toxicity to those described for 
tetracycline systemic administration using lactolycopene in panitumumab- 
treated patients. Tetracyclines have been shown to be effective in reducing 
skin toxicity following treatment with EGFR inhibitors (Hofheinz RD et al., 
2016; Jatoi A et al., 2008; Scope A et al., 2007), mostly through their anti- 
inflammatory efficacy in reducing neutrophil chemotaxis and epidermal 
keratinocyte and macrophage activation (Webster G et al., 2007). Recently, 
the results of randomized clinical trials showed significant efficacy of 
prophylactic use of tetracyclines in decreasing skin toxicity (Arrieta O et al., 
2015; Melosky B et al., 2016). Although tetracyclines are a class of anti-
biotics with a low toxic profile, they can cause side effects such as photo-
toxicity, dizziness, asthenia, liver toxicity and stomach or bowel upsets. 
Moreover, in the presence of a pre-existing renal disease, tetracyclines can 
accumulate in the organism causing hyperazotemia and metabolic acidosis 
(Smilack JD, 1999), especially during prolonged administration of the 

drug. These side effects can be problematic in patients with metastatic 
cancer undergoing oncologic treatment. 

In our series, the more frequent administration of tetracyclines in the 
placebo compared to the lycopene group was due to the more frequent 
≥ G2 skin toxicity in the former cohort and could even have under-
estimated the real effectiveness of lycopene in decreasing skin toxicity. 
No toxic effect due to lycopene was observed in our series, and no toxic 
effect has been attributed to lycopene in the literature. We chose not to 
submit patients to a dietary regime, restricted in lycopene and other 
antioxidant nutrients, to avoid dietary restrictions for patients with 
frequently observed nutritional problems and to check the real impact of 
lactolycopene administration under the usual nutritional conditions for 
this population. Other factors which may affect our results include: 
different capacities of absorption and metabolism of lycopene, the 
contemporaneous presence or absence of oxidative events other than 
antineoplastic treatment in each patient and, as described above, the 
unbalanced use of tetracyclines in the two groups. 

Analysis of plasma samples obtained at different times during 
panitumumab-containing therapy showed that lycopene was depleted 
during antineoplastic treatment in the placebo group and similar results 
were obtained for β-carotene. The mean concentration of lycopene 
increased during antineoplastic treatment with lactolycopene support, 
with a smaller decrease in mean β-carotene concentration than that seen 
in the placebo group. This suggests that lactolycopene administration 
may replenish the exhausted lycopene and could partially save other 
antioxidants from the consumption caused by oxidative stress during 
panitumumab treatment. 

MDA is a compound arising from peroxidation of polyunsaturated 
fatty acids. ROS degrade polyunsaturated lipids forming MDA and this 
compound is one of the main reactive electrophile species that cause 
toxic stress in cells by forming covalent protein adducts referred to as 

Fig. 4. Mean lycopene index (4a), mean β-carotene index (4b) and mean MDA index (4c): difference between lactolycopene group (green) and placebo (red). Mean 
Indexes are obtained through the mean of lycopene, β-carotene and MDA indexes of each patient calculated as the difference between the mean compound con-
centration in the plasma during treatment (Day1 + Day 3 + Day 15 + Day 29 + Day 71) and the value of the same compound at Day 0, compared to the value of the 
same compound at Day 0, for each patient. 
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advanced lipid oxidation end-products. The degree of lipid peroxidation 
can be estimated from the amount of MDA and, for this reason, the 
concentration of this compound is specifically tested to evaluate skin 
toxicity during oxidative stress (Matsuo I et al., 1983). Mean MDA 
concentration rose during treatment in the placebo group, whereas 
lactolycopene administration protected tissues from oxidative stress 
since the mean MDA concentration during antineoplastic therapy was 
lower than the MDA concentration at Day 0. 

5. Conclusions 

Despite the concerns described above and the limited number of 
patients, our results clearly show the effectiveness of lycopene in 
reducing skin toxicity and tetracycline administration and protecting 
tissues from oxidative stress in patients treated with panitumumab. In 
our opinion, considering the absence of any side effect of this therapy, 
except for intolerance or allergy to tomato or milk, lactolycopene, which 
has to be considered a nutraceutical compound rather than a drug, could 
already be used in clinical practice while waiting for a larger study able 
to verify its real impact in clinical practice and how to better integrate its 
use with tetracycline administration so that skin toxicity in patients 
treated with anti-EGFR therapies can be minimized. 
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Fonseca, L., Macedo-Pérez, E. O., … De La Garza, J. (2015). Randomized, open-label 
trial evaluating the preventive effect of tetracycline on afatinib induced-skin 
toxicities in non-small cell lung cancer patients. Lung Cancer., 88, 282–288. https:// 
doi.org/10.1016/j.lungcan.2015.03.019. 
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