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Abstract. Background: Although the anti-EGFR monoclonal
antibody panitumumab is effective in treating colorectal cancer,
the occurrence of severe skin disorders often discontinues
therapy. Herein, we investigated by a retrospective chart review
the effect of prophylactic oral minocycline in combination with
skin treatment using moisturizer on the incidence of skin
disorders and tumor response in metastatic colorectal cancer
patients who received panitumumab. Patients and Methods: In a
total of 55 patients, 38 patients were eligible, consisting the preemptive group (N=25) and reactive group (N=13). Acneiform
rash and other adverse events were graded according to the
CTCAE v4.0. Results: The occurrence of acneiform rash (grade
≥2) was significantly lower in pre-emptive group than in
reactive group (44.0% vs. 84.6%, p=0.04). No significant
differences in the occurrence of other adverse events were
observed between the two groups. Tumor response was not
significantly different between the two groups (36.0% vs. 7.7%,
OR, 6.75; 95% confidence interval (CI)=0.75-60.76, p=0.12).
Mean time to treatment failure was 149.7 days and 110.2 days
in the pre-emptive group and reactive treatment group,
respectively (HR=0.58; 95% CI= 0.26-1.28, p=0.18).
Conclusion: Prophylactic oral minocycline combined with skin
care reduced panitumumab-induced acneiform rash without a
significant influence on tumor response.
Panitumumab (Vectibix®, Takeda Pharmaceutical Co. Ltd.) is
a fully human IgG2 monoclonal antibody targeting human
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epidermal growth factor receptor (EGFR), that obtained FDA
approval in September 2006 for treating EGFR-expressing
metastatic colorectal cancer during or after chemotherapy such
as fluoropyrimidine compounds, oxaliplatin, and irinotecan.
However, the use of anti-EGFR antibody is associated
with characteristic adverse drug reactions, including severe
skin disorder, infusion reaction, and diarrhea (1-3). Among
them, acneiform rash occurs most frequently from the early
period of anti-EGFR therapy (4). In severe cases (grade ≥3),
discontinuation of therapy or dose reduction is required (57). Although the precise mechanisms underlying the
acneiform rash associated with anti-EGFR antibody is
unclear, blockade of EGFR in cutaneous tissues may be
involved in the pathogenesis of the symptom since EGFR is
distributed throughout cutaneous tissues and involved in the
proliferation and differentiation of epidermal cells. In this
respect, the incidence or severity of skin rash is closely
related to the therapeutic efficacy of anti-EGFR antibody.
Lenz et al. (8) reported in 346 colorectal cancer patients
treated with cetuximab that the incidence and severity of skin
rash correlates well with the clinical response rate as well as
the duration of survival (median overall survival: 1.7 months,
4.9 months and 9.4 months for grade 0, 1 and 2 rash,
respectively). Similar data suggesting the positive correlation
between cetuximab-induced rash and tumor response rate or
survival were also reported by other investigators (9-11).
Several drugs have been tested for prevention of severe
skin disorders associated with anti-EGFR therapy. Lacouture
et al. (12) in a phase II randomized trial evaluating the effect
of prophylactic skin treatment on skin toxicities of
panitumumab in 95 colorectal cancer patients (STEPP study)
reported that oral administration of doxycycline (100 mg
twice a day), a tetracycline antibiotic agent, in combination
with skin care using skin moisturizer, sunscreen, and topical
steroid (1% hydrocortisone cream) for 6 weeks, inhibits the
incidence of grade ≥2 skin toxicities, including pruritus,
acneiform rash, and skin desquamation (29% vs. 62%, odds

6175

ANTICANCER RESEARCH 35: 6175-6182 (2015)

Figure 1. Flow chart showing the inclusion and stratification of study individuals.

ratio (OR)=0.3, 95% CI=0.1-0.6). On the other hand, Scope
et al. (13) reported that oral treatment with another
tetracycline antibiotic agent minocycline (100 mg/day) in
combination with a topical retinoid analog tazarotene (0.05%
cream) for 8 weeks significantly inhibits grade ≥2 itch but
not rash associated with cetuximab.
In the present study, we evaluated the effect of
minocycline (100 mg/day) in combination with skin care
using skin moisturizer on the incidence of acneiform rash
and other adverse events in colorectal cancer patients who
received panitumumab.

Patients and Methods
Patients. The study cohort comprised of metastatic colorectal cancer
patients who underwent cancer chemotherapy containing
panitumumab at the Gifu University Hospital between July 2010
and May 2015. The exclusion criteria was as follows: patients
previously treated with cetuximab, those observed to have rash
before starting treatment, and those who received less than three
courses of panitumumab.
The present study was conducted according to the guidelines for
human studies determined by the ethical committee of the Gifu
University Graduate School of Medicine and the Government of
Japan, and was approved by the Medical Review Board of Gifu
University Graduate School of Medicine (approval number, 26-153).
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Treatment for prevention or therapy of acneiform rash. Patients
received oral minocycline (100 mg once a day) combined with the
standard skin care using skin moisturizer for prevention and reactive
topical steroid (pre-emptive group) or remedy (reactive group) of
skin disorders.
The reactive topical steroid could be administered any time when
investigator deemed necessary for the management of emergent skin
toxicity.
Evaluation of acneiform rash and other adverse reactions
associated with panitumumab. Data were obtained from an
electronic medical record and analyzed by a retrospective chart
review. The symptoms of acneiform rash and other adverse
events such as hypomagnesemia, oral mucositis, diarrhea, dry
skin, pruritus, and paronychia were graded according to the
Common Terminology Criteria for Adverse Events (CTCAE)
v4.0. The incidence rates of acneiform rash and other adverse
events were compared between the pre-emptive group and
reactive group.
Relative dose intensity (RDI). RDI was calculated as the ratio of
actual total amount of panitumumab injected/actual treatment
duration divided by planned total amount/planned treatment duration.
Evaluation of tumor response. Tumor response was evaluated,
according to the response evaluation criteria in solid tumors
(RECIST) guideline version 1.1 (14). Response rate (complete and
partial responses) and disease control rate (complete, partial
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Table I. Patient’s characteristics.

Number of cases
Gender (male/female)
Age (minimum–maximum)
Body height (cm)
Body weight (kg)
Body surface area
Laboratory data
Aspartate aminotransferase (U/L)
Alanine aminotransferase (U/L)
Serum creatinine (mg/dL)
Blood urea nitrogen (mg/dL)
Total bilirubin (mg/dL)
White blood cells (/mm3)
Hemoglobin(g/dL)
Platelet (×106/mm3)
Treatment regimens
Panitumumab alone
Panitumumab + mFOLFOX6
Panitumumab + FOLFIRI
Panitumumab + CPT-11

Reactive group

Pre-emptive group

p-Value

13
9/4
62.4(41-85)
163.1±9.1
61.0±14.7
1.6±0.2

25
16/9
62.5(35-87)
162.3±9.8
59.7±12.0
1.6±0.2

0.97a
0.95b
0.81c
0.76c
0.82c

22.1±6.4
16.8±7.6
0.9±0.6
17.0±11.6
0.8±0.4
6364±2966
12.0±2.2
20.0±8.0

25.2±16.9
19.1±9.3
0.7±0.2
13.2±3.5
0.7±0.3
6130±2076
12.4±2.1
26.4±13.5

0.53c
0.46c
0.14c
0.13c
0.23c
0.78c
0.55c
0.13c

8
3
1
1

4
16
4
1

0.04b

Values represent mean±SD unless otherwise stated. aChi-squared test, bMann–Whitney U-test, ct-test.

responses and stable disease) were compared between the preemptive group and reactive group.
Statistical analyses. Data were analyzed using IBM SPSS version
22 (IBM Japan Ltd., Tokyo, Japan) and GraphPad Prism version 6.0
(GraphPad Software, San Diego, CA, USA). Patient characteristics
were statistically compared between the pre-emptive group and
reactive group. Non-parametric data were analyzed by the MannWhitney U-test or the Fisher’s exact probability test, while
parametric data were statistically compared between the two groups
by t-test. The Kaplan-Meier estimate was used to analyze the
development of acneiform rash and the duration of treatment
courses and the Mantel–Cox log rank test was used for comparison
of the median values of the period of acneiform rash onset or
median courses of treatment in the two groups. p<0.05 was
considered statistically significant.

Results
Patients’ demographics. Among 54 patients shown in Figure
1, 16 patients were excluded based on the exclusion criteria
and 38 patients were eligible, in which there were 25 patients
in pre-emptive group and 13 patients in reactive group. As
shown in Table I, no significant differences in patients’
background were observed between the two groups, except
for the treatment regimens.
Incidence of acneiform rash. As shown in Table II, the
incidence of grade ≥2 acneiform rash was significantly lower

in the pre-emptive group than in reactive group [44.0%
versus 84.6%, OR, 0.143; 95% CI=0.026-0.783, p=0.04]. As
a consequence, the incidence of grade 1 symptom was
significantly higher in pre-emptive group as compared with
reactive group (48.2% versus 7.8%, p=0.02).
Development of acneiform rash. The time course of the onset
of grade ≥2 acneiform rash is shown in Figure 2. Median
course of onset of grade ≥2 symptom was 3rd course for
reactive group, while data were not determined for preemptive group (HR=0.33; 95% CI=0.12-0.90, p=0.029 by
the Mantel-Cox log rank test).
Incidence of other adverse reactions to panitumumab. There
were no significant differences in the incidence of other
adverse reactions, including hypomagnesemia, oral
mucositis, diarrhea, dry skin, cutaneous pruritic lesion, and
paronychia, between pre-emptive group and reactive
treatment group (Table III).
Tumor response rate. As shown in Table IV, tumor response
rate (complete response plus partial response) tended to be
higher in the pre-emptive group than in the reactive group
(36.0% vs. 7.7%, OR=6.75; 95% CI=0.75-60.76, p=0.12).
The disease control rate (sum of complete response, partial
response and stable disease) was similar between the two
groups (72.0% vs. 61.5%, p=0.71).
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Figure 2. Comparison of time to development of grade ≥2 acneiform rash between pre-emptive group and reactive group. Data were statistically
compared by the Mantel-Cox log rank test.

Table II. Occurrence of acneiform rash.

Grade 0
Grade 1
Grade 2
Grade 3
Grade≥2

Reactive group

Pre-emptive group

p-Value

1 (7.7%)
1 (7.8%)
9 (69.2%)
2 (15.4%)
11 (84.6%)

2 (8.0%)
12 (48.2%)
8 (32.0%)
3 (12.0%)
11 (44.0%)

1.00
0.02
0.06
1.00
0.04

OR (95% confidence interval)

0.143 (0.026-0.783)

Comparisons were made by the Chi-squared test.

Relative dose intensity (RDI). There was no significant
difference in the RDI of panitumumab between the preemptive group and the reactive group (86.9% versus 83.5%,
p=0.48).
Time to treatment failure. As shown in Figure 3, mean time
to treatment failure tended to be longer in pre-emptive group
than in reactive group (149.7 days versus 110.2 days, HR,
0.58; 95% CI=0.26-1.28, p=0.18), although median time to
treatment failure was not different between the two groups
(97.0 days versus 98.0 days).
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Discussion
Acneiform rash is the most frequent adverse event during
therapy using anti-EGFR monoclonal antibody. Mittmann
and Seung (15) reported by a meta-analysis of data on the
incidence of skin rash associated with anti-EGFR
monoclonal antibody, that the rates of all grades and grades
3-4 symptoms are 74% (95% CI=68-81 from 7 studies) and
12% (95% CI=9-14 from 13 studies), respectively. In
generally consistent with their data, in the present study,
acneiform rash of all grades and grade 3 occurred in 92%
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Figure 3. Comparison of time to treatment failure between pre-emptive group and reactive group. Data were statistically compared by the MantelCox log rank test.

and 15% of patients who received panitumumab,
respectively, in the reactive group.
On the other hand, it has been considered that the
incidence of skin toxicities is closely related to the therapeutic
effect of anti-EGFR therapy. Lenz et al. (8) reported a
significant relationship between the severity of skin rash and
overall survival in patients receiving cetuximab. Similar data
were also reported by other investigators, suggesting that the
occurrence of moderate-to-severe cetuximab-induced rash is
associated with improved tumor response rate or survival (911). Therefore, it is likely that prophylaxis of moderate-tosevere skin toxicities is particularly important to maximize
the survival advantage of anti-EGFR therapy.
Tetracyclines such as doxycycline and minocycline
possess anti-inflammatory action in addition to the antibiotic
action, and thus, used for the treatment of various skin
disorders, including inflammatory acne, and neutrophilic
dermatoses (16). Inhibition of lymphocyte activation and
neutrophil chemotaxis is considered to be implicated in the
anti-inflammatory action of tetracyclines (17). Moreover,
Ishikawa et al. (18) reported that both minocycline and
doxycycline inhibit the production of interleukin-8 (IL-8), a

pro-inflammatory cytokine, induced by the activation of
protease-activated receptor 2 (PAR2) in normal human
epidermal keratinocytes. They also showed that tetracyclines
reduce the potentiation by TNF-α or interleukin-1β of
PAR2-mediated IL-8 production, in which minocycline is
more potent than doxycycline. This may be related to the
fact that minocycline is superior to doxycycline in lipid
solubility (19). A phase II randomized trial evaluating the
effect of prophylactic skin treatment on skin toxicities of
panitumumab (STEPP study) indicated that pre-emptive
doxycycline treatment group reveals an improvement of skin
toxicities, including pruritus, acneifom rash, skin
desquamation without affecting the tumor response rate or
progression-free survival (12). On the other hand, Scope et
al. (13) have shown that pre-emptive minocycline plus
tazarotene group shows a significant reversal of pruritus
(20% vs. 50%, p<0.05) without significant improvement of
acneiform rash (20% vs. 42%, p=0.13) in patients receiving
cetuximab. Very recently, a randomized controlled trial
comparing the pre-emptive or reactive treatment with
minocycline in combination with skin care using
moisturizer, sunscreen and topical corticosteroid on the skin
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Table III. Appearance of other adverse reactions to panitumumab.
Reactive
group

Pre-emptive
group

p-Value

Number Incidence Number Incidence
of cases
(%) of cases
(%)
Hypomagnesemia
Grade 0
Grade 1
Grade 2
Grade≥2
Oral mucositis
Grade 0
Grade 1
Grade 2
Grade 3
Grade≥2
Diarrhea
Grade 0
Grade 1
Grade 2
Grade 3
Grade≥2
Dry skin
Grade 0
Grade 1
Grade 2
Grade≥2
Pruritus
Grade 0
Grade 1
Grade 2
Grade≥2
Paronychia
Grade 0
Grade 1
Grade 2
Grade 3
Grade≥2

8
3
2
2

61.5
23.1
15.4
15.4

15
6
4
4

60.0
24.0
16.0
16.0

1.00

8
2
3
0
3

61.5
15.4
23.1
0.0
23.1

7
9
7
2
9

28.0
36.0
28.0
8.0
36.0

0.49

9
2
1
1
2

69.2
15.4
7.7
7.7
15.4

13
7
4
1
5

52.0
28.0
16.0
4.0
20.0

1.00

2
7
4
4

15.4
53.8
30.8
30.8

3
7
15
15

12.0
28.0
60.0
60.0

0.17

8
3
2
2

61.5
23.1
15.4
15.4

9
9
7
7

36.0
36.0
28.0
28.0

0.46

7
3
3
0
3

53.8
23.1
23.1
0.0
23.1

11
4
8
2
10

44.0
16.0
32.0
8.0
40.0

0.47

Comparisons were made by the Chi-square test.

toxicities of panitumumab in 95 colorectal cancer patients
(J-STEPP study) has been reported (20). The showed that
the incidence of grade >2 skin toxicities is significantly
lower in pre-emptive group than in reactive group (21% vs.
63%, p<0.001). However, in their report, survival is likely
to be slightly and not significantly shorter in pre-emptive
treatment group: median OS: 8.2 months versus 12.1 months
(HR=1.19; 95% CI=0.75-1.90, p=0.469), median PFS was
3.6 months versus 4.0 months (HR=1.20; 95% CI=0.781.84, p=0.413), median time to treatment failure was 3.0
months versus 3.5 months (HR=1.23; 95% CI=0.80–1.89,
p=0.343).
Generally consistent with previous findings, in the present
study, prophylactic oral treatment with minocycline in
combination with skin treatment using skin moisturizer was
effective in suppressing the development of panitumumabinduced acneiform rash.
However, the effect of minocycline on the tumor response
or survival were not similar between our data and those in
the J-STEPP study (20). In the present study, mean time to
treatment failure tended to be longer in pre-emptive group
than in reactive group (149.7 days vs. 110.2 days, HR=0.58;
95% CI=0.26-1.28, p=0.18). Moreover, in the present study,
tumor response rate tended to be higher in the pre-emptive
group (36.0% vs. 7.6%, p=0.12), which was similar to the
data in the STEPP study (12).
It has been shown that systemic administration of
minocycline enhances cyclophosphamide-induced tumorkilling effect and inhibition of lung metastasis in C57BL
mice implanted subcutaneously with Lewis lung tumor cells
(21). Therefore, a slight and not significant increase in tumor
response rate by minocycline observed in the present study
may be due to its potentiating action on anticancer drugs.
A large scale prospective study is required to clarify the
effect of prophylactic minocycline on the therapeutic effects
such as tumor response and survival.

Table IV. Comparison of tumor response between the reactive group and the pre-emptive group.
Tumor response

Reactive group (N=13)

Pre-emptive group (N=25)

N

Incidence (%)

N

Incidence (%)

Complete response
Partial response
Stable disease
Progressive disease
Not assessable

1
0
7
5
0

7.7
0
53.8
38.5
0

0
9
9
5
2

0
36.0
36.0
20.0
8.0

Response rate
Disease control rate

1
8

7.7
61.5

9
18

36.0
72.0

Comparisons were made by the Chi-square test.
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p-Value

0.12
0.71
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In conclusion, prophylactic oral minocycline together with
skin treatment using moisturizer was found to be effective in
suppressing the development of grade ≥2 acneiform rash
induced by panitumumab without any significant influence
on the tumor response or time to treatment failure in
colorectal cancer patients.
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