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Abstract

Purpose Hypomagnesemia is a common side effect of panitumumab. The effect of magnesium-containing supplement as
a laxative and concomitant antacid (proton pump inhibitor and histamine H, antagonist) administration on panitumumab-
induced hypomagnesemia was retrospectively investigated.

Methods Patients with advanced or recurrent colorectal cancer who received panitumumab were included in this study.
Serum magnesium levels were extracted from the electronic medical records of 1753 administrations in 221 patients who
received panitumumab. Serum magnesium levels in patients with or without oral magnesium-containing supplement and
antacid treatment were compared using analysis of covariance as the number of panitumumab administration up to 16 times
for covariates.

Results The mean serum magnesium levels were significantly decreased with increasing number of panitumumab administra-
tions (2.13 mg/dL at 1st vs. 1.55 mg/dL at 16th, p <0.001). The use of oral magnesium-containing supplement significantly
inhibited the decline in mean serum magnesium level (1.98 mg/dL vs. 1.78 mg/dL, p <0.001). However, antacid use in
patients receiving oral magnesium-containing supplement significantly decreased the effectiveness of the magnesium sup-
plement on serum magnesium level (2.02 mg/dL vs. 1.93 mg/dL, p <0.05).

Conclusion The use of oral magnesium-containing supplement might function as magnesium supplement based on the find-
ing that use of oral magnesium-containing supplement during panitumumab administration decreased hypomagnesemia.
However, combination of antacid decreased the supplemental effect of oral magnesium on hypomagnesemia. These results
suggest the possibility that use of antacids during anti-EGFR antibody administration may promote hypomagnesemia.

Keywords Hypomagnesemia - Panitumumab - Magnesium salt - Antacids - Proton pump inhibitor - Histamine H,
antagonist

Introduction

Panitumumab, a recombinant human anti-epidermal growth
factor receptor (EGFR) monoclonal antibody, is used for
the treatment of unresectable, progressive, or recurrent
colorectal cancer. The adverse effects of panitumumab
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panitumumab was reported to be 20-28% for grade 1/2 and
6—7% for grade 3/4 [1-3]. The incidence of hypomagne-
semia with cetuximab, an anti-EGFR antibody belonging
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When serum magnesium level falls below 1.2 mg/dL, symp-
toms such as QT prolongation, convulsions, numbness, and
general malaise may occur necessitating discontinuation of
panitumumab and administration of intravenous magnesium
supplements [6]. The mechanism by which panitumumab
induces hypomagnesemia is unclear. The prevailing hypoth-
esis relates to the anti-EGFR activity of panitumumab.
EGFR is expressed in the kidney, and the reabsorption of
filtered magnesium in the renal tubules is reversibly inhib-
ited by EGFR signaling inhibition. Furthermore, the absorp-
tion of magnesium is inhibited by the disruption of EGFR
signaling in the intestinal tract [7].

Based on the previous reports, it was unclear whether a
magnesium-containing supplement has a beneficial effect
on hypomagnesemia during the anti-EGFR treatment. Fakih
et al. administered 400 mg of magnesium oxide tablets to up
to four tablets to patients with grade 3/4 cetuximab-induced
hypomagnesemia. There was, however, no beneficial effects
on the serum magnesium level in any of these patients [4].
In an animal study, magnesium oxide behaves like a slow-
release preparation (half-life 27 h) due to insolubility, and
magnesium oxide was absorbed up to 15% of doses and was
excreted in urine [8]. It was also reported that combination
use of antacids, such as proton pump inhibitors or hista-
mine H, antagonists, attenuates the laxative effect of mag-
nesium oxide [9, 10]. These results suggest that an acidic
environment is necessary for dissolution and absorption of
orally ingested magnesium. The influence of prophylactic
magnesium-containing supplement on anti-EGFR antibody-
induced hypomagnesemia has not been investigated in a large
cohort. Furthermore, the influence of antacid administration
on the effect of oral magnesium-containing supplement has
not been evaluated. In this study, we have retrospectively
investigated the effect of oral magnesium-containing sup-
plement prescribed as a laxative on panitumumab-induced
hypomagnesemia. We have further evaluated the influence
of antacid on the effect of treatment with oral magnesium-
containing supplement on hypomagnesemia.

Methods
Study period and study patients

Patients with unresectable, progressive, or recurrent colorec-
tal cancer treated with panitumumab (Vectibix®) infusion in
the Shizuoka Cancer Center from September 2011 and June
2017 were included. The following data were extracted using
electronic medical records: (1) serum magnesium level, (2)
presence or absence of serum magnesium level abnormality
on the same day of panitumumab administration (normal
level 1.8-2.4 mg/dL; abnormal low level; < 1.8 mg/dL), and
(3) history of treatment with oral magnesium-containing
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supplement (magnesium oxide and magnesium hydrox-
ide), proton pump inhibitors (omeprazole, lansoprazole,
rabeprazole, and esomeprazole), and histamine H, antago-
nists (famotidine and ranitidine) just before the initiation
of panitumumab treatment. The data were extracted for
the patients who were prescribed panitumumab continu-
ously for 8 months. The data for the maximum 16 panitu-
mumab administrations were analyzed. A patient for whom
the serum magnesium level was not estimated on the same
day of panitumumab administration was excluded from the
analysis.

Statistical analysis

The effect of oral magnesium-containing supplement and
antacid on serum magnesium level was evaluated by an anal-
ysis of covariance (ANCOVA) adjusted by the number of
panitumumab administration as a covariate. The frequency
of abnormal serum magnesium level reports in the presence
or absence of treatment with oral magnesium-containing
supplement and antacid was evaluated by the Fisher’s exact
test. The change in serum magnesium level with increasing
numbers of panitumumab administration was evaluated by
a one-way analysis of variance (ANOVA) with a post hoc
Dunnett’s test. The evaluation of the effect of number of
panitumumab administration was performed by an unpaired
t test. All analyses were performed by Excel statistics 2015
BellCurve for Excel. A p value of <0.05 was considered as
statistically significant.

Ethical considerations

This study was approved by the Ethical Review Board
of the Shizuoka Cancer Center, Japan (Approval number
30-J20-30-1-3).

Results

A flowchart summarizing the demographic characteristic
of the included patients is presented in Fig. 1. The data
from 303 patients and 2919 panitumumab administra-
tion during the study period and 221 patients with 1790
administrations in whom serum magnesium levels meas-
ured on the same day of panitumumab administration were
extracted. Of these, the data of 37 panitumumab admin-
istrations and 7 patients were excluded from the analysis,
because of abnormal serum magnesium levels at the initia-
tion of panitumumab treatment (2 patients), treatment dis-
continuation following the initial panitumumab adminis-
tration (4 patients), or clinical record insufficiency due to a
hospital transfer (one patient), respectively. Initially, pani-
tumumab was mostly administered after hospitalization.
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Fig. 1 Patient flowchart

Panitumumab administration 2,919 administrations (303 patients)
Shizuoka Cancer Center in the period from September 2011 to June 2017

Number of administrations with laboratory data 1,790 administrations (221 patients)

Exclusion; 37 administrations (7 patients)

Laboratory test abnormality before first administration;
2 patients, Early administration discontinuance; 4
patients, clinical record insufficiency; 1 patient

Number of administrations with laboratory data 1,753 administrations (214 patients)

With oral Mg administration 354
administrations (240%)

Without oral Mg administration 1,399
administrations (983%)

With antacid
240 administrations
(137%)

without antacid
192 administrations

With antacid without antacid
314 administrations || 1,085administrations

(103%) (217%) (766%)

The subsequent administration was done in outpatient
chemotherapy unit. The magnesium-containing supple-
ment was administered to 116 patients; 114 patients were
administered magnesium oxide and 2 patients were admin-
istered magnesium hydroxide for improvement or preven-
tion of constipation. Most of the constipation-related
symptoms were controlled by the administration of irritant
cathartic in addition to oral magnesium without causing
severe diarrhea. The mean magnesium consumption was
904 +466 mg (mean =+ standard deviation) per day. Thera-
peutic intravenous magnesium supplement was added for
grades 2-3 hypomagnesemia in 57 patients (4.6%). Mean
magnesium level was 1.22 +0.34 mg/dL at the point of
the hypomagnesemia therapy. Fifty-five patients (96%) in
the patients needed for therapeutic intravenous magnesium
supplementation were not administered oral magnesium
supplement. Antacid was administered to 169 patients;
140 patients were administered proton pump inhibitors
and 21 were administered histamine H, antagonists. Eight
patients made switching and used both drugs. The number
of panitumumab administrations (mean + standard devia-
tion) to the study patients was 8.4 +4.1. The number of
panitumumab administrations in the group that received
oral magnesium-containing supplement was 8.3 +4.1 and
8.5+4.1 in the group that did not receive oral magne-
sium-containing supplement, which did not represent a
significant difference (p =0.568). Among the patients who

* within the number of administrations <16t

received oral magnesium-containing supplement and ant-
acids, the number of panitumumab administrations was
8.2 +4.2, while, in patients who did not receive antacids,
it was 8.4 +4.0, which did not represent a significant dif-
ference (p =0.708). Similarly, among the patients who did
not receive oral magnesium preparation, the number of the
panitumumab administrations in the patients who received
antacids and who did not receive antacids was 8.2 +4.2
and 8.6 +4.4, respectively, which did not represent a sig-
nificant difference (p =0.395).

The change in the serum magnesium levels is summa-
rized in Fig. 2. The serum magnesium levels up to 16th
panitumumab administrations were investigated which cov-
ered 70% of all number of administrations. Panitumumab-
induced hypomagnesemia become frequent according to the
number of panitumumab administrations (p <0.001).

The comparison of serum magnesium levels in patients
with or without receiving oral magnesium-containing sup-
plement is summarized in Fig. 3. A supplement effect of
oral magnesium may not be found, because hypomagne-
semia does not occur in the early administration stage of
the panitumumab. Subgroup evaluations were carried out
panitumumab administration for 9-16th that hypomagne-
semia became severer (Fig. 3a, 1-16th panitumumab
administrations; Fig. 3b, 9—16th panitumumab administra-
tions). For the entire period up to the 1-16th and the 9—16th
administrations of panitumumab, serum magnesium levels
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Fig.2 Change of serum Mg level in the panitumumab adminis-
tered patient. The bar shows mean=+standard deviation. *p <0.05,
*#p<0.01, ***p<0.001 vs. first administration by Dunnett’s test.
p<0.001 by one-way analysis of variance (ANOVA)

were significantly higher when oral magnesium-contain-
ing supplement was administered (Fig. 3a, 1.98 +£0.32 vs.
1.78+0.41, p<0.001; Fig. 3b, 1.95+0.35 vs. 1.67+0.43,
p<0.001).

The comparison of the serum magnesium levels in the
patients receiving oral magnesium-containing supplement
with or without antacid administration is summarized
in Fig. 4 (Fig. 4a, 1-16th panitumumab administrations;
Fig. 4b, 9-16th panitumumab administrations). In the entire
period up to 16th and 9-16th administrations of panitu-
mumab, serum magnesium levels were significantly lower by
antacid administration (Fig. 4a, 2.01 +£0.34 vs. 1.93 +0.30,
p <0.05; Fig. 4b, 2.04 +0.35 vs. 1.81 +0.30, p <0.001).

The comparison of the serum magnesium levels in
patients who received antacids without using oral mag-
nesium-containing supplement is summarized in Fig. 5

Fig.3 Comparison of the serum
Mg level in patients with or @) 2.5 1 (b) 25 1
without oral Mg administration, sk
a number of administration o
1-16th and b 9-16th. The bar 5 2.0 A1 = 20 9
shows mean + standard devia- %o )
tion. ***p <0.001 vs. oral Mg £ E’J
administration(+) by the analy- = 15 A = 15 -
sis of covariance (ANCOVA) % %
with the number of administra- o0 ol
tion as a covariate = 1.0 - S 1.0 -
g g
3 5
@2 0.5 A » 05 -
0.0 T " 0.0 T '
Mg(+) Mg(—) Mg (+) Mg (-)
n=240 n=983 n=112 n=480
Fig.4 Influence of antacid (a) (b)
on serum Mg level in patients 2.5 - 3.0 -
with oral Mg administration, *
a number of administrations 25 -
1-16th and b 9-16th. The bar 2.0 - ) )
shows mean =+ standard devia- = = kK
tion. *p <0.05, ***p <0.001 .4 g 2.0 -
vs. oral Mg administration(+) é 1.5 - =
by the analysis of covariance < % 15 -
(ANCOVA) with the number of E o0 :
administration as a covariate o0 1.0 - =
§ E L0 1
2 05 - 3
A 0.5 -
0.0 T v 0.0 T "
Antacid Antacid Antacid Antacid
(=) (+) (=) (+)
n=137 n=103 n=65 n=47
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Fig.5 Influence of antacids

(@)

(b)

on serum Mg level in patients 2.5 = 25 -
without oral Mg administra-
tion, a number of panitumumab ok Sk
administrations 1-16th and 5 2.0 - g 2.0 -
b 9-16th. The bar shows = =
mean =+ standard deviation. é‘) é
*p<0.05, ***p <0.001 vs. = 1.5 -+ < 1.5 -
oral Mg administration(+) g E
by the analysis of covariance oo )
(ANCOVA) with the number of = 1.0 A = 1.0 A
administration as a covariate g E

g 5

»n 05 A @n 0.5 A

000 L] L] 0-0 L] 1
Antacid Antacid Antacid Antacid
(=) (+) (=) (+)
n=766 n=217 n=369 n=111

(Fig. 5a, 1-16th; Fig. 5b, 9-16th panitumumab administra-
tion). During the entire period (up to 16th and 9—16th) of
panitumumab administrations, the serum magnesium levels
were significantly lower by antacid administration (Fig. 5a,
1.8040.40 vs. 1.69+0.44, p <0.001; Fig. 5b, 1.71 +0.42
vs. 1.55+0.45, p<0.01).

Incidences of serum magnesium level abnormality
(< 1.8 mg/dL) coincided with the oral magnesium-contain-
ing supplement or antacid use during the 9-16th administra-
tions of panitumumab are summarized in Fig. 6. The inci-
dence of abnormally low magnesium level was significantly
decreased in the patients administered with oral magnesium-
containing supplement (Fig. 6a, 52% vs. 21%, p <0.001).
The use of antacids by the patients using oral magnesium-
containing supplement significantly increased the incidence

Fig. 6 Influence of oral Mg (a)
and antacid administration on 100% - p<0.001
serum Mg laboratory test results
at number of panitumumab —
administrations 9—16th, a with E\i 80% -
or without oral Mg administra- -
tion, b with or without antacid E
in patients with oral Mg admin- T 60% A
istration, and ¢ with or without =
antacid in patients without oral i
Mg administration g 40% 1
]
g
E 20% o
0% -
Mg Mg
(=) (+)
n=480 n=112

of abnormal low magnesium levels (Fig. 6b, 14% vs. 32%,
p <0.05). Similarly, the use of antacids by the patients who
did not use oral magnesium-containing supplement showed
a tendency of increasing the incidence of abnormal low mag-
nesium levels (Fig. 6¢, 49% vs. 59%, p=0.067).

Discussion

The results of this study demonstrated that serum magne-
sium level decreases with increasing number panitumumab
administrations. The patients who received oral magne-
sium-containing supplement had a significantly higher
serum magnesium levels those who did not receive. These
results suggest the possibility that panitumumab-induced

(b) (©
<0.05 =0.
100% 1 P 100% - P=0067
80% 80% o
60% 60% A
40% o 40% A
20% 20% o
0% + 0% -
antacid antacid antacid antacid
(=) (+) (=) (+)
n=65 n=47 n=369 n=111

B Normal serum Mg level in the laboratory test (1.8-2.4mg/dL)
[0 Low serum Mg level in the laboratory test (<1.8mg/dL)
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hypomagnesemia may be relieved by oral magnesium-
containing supplements (magnesium supplement effect).
With the exception of the observation by Fakih et al. [4]
demonstrating that oral magnesium-containing supplement
was not effective, the effect of the magnesium-containing
supplement on hypomagnesemia induced by anti-EGFR
antibodies has not been fully investigated. There are some
possible explanations for this difference with the previous
report of Fakih et al. There was difference in therapeutic
use and the prophylactic use of oral magnesium-containing
supplement. In this study, magnesium was administered
before panitumumab administration. Therefore, oral mag-
nesium-containing supplement was used for hypomagne-
semia prophylactically. As other differences, this study
was an investigation of panitumumab, which administered
at intervals of 2 weeks unlike cetuximab. Furthermore,
there was much number of patients.

Many studies have demonstrated that oral magnesium-
containing supplement was beneficial with cisplatin
administration [11]. It was also reported that oral magne-
sium carbonate and magnesium citrate administration were
useful for maintaining normal serum magnesium level and
prevention of renal impairment [12, 13]. The effective-
ness of oral magnesium supplement may vary depending
on the magnesium salt used. It has been reported that the
absorbance of oral magnesium oxide is lower than that of
other magnesium salts, such as citrate and carbonate [14].
The insolubility of magnesium oxide may be responsible
for these differences. The absorbance of magnesium oxide
increases in an acidic environment. Therefore, secretion of
gastric acid greatly affects the absorption of magnesium
from magnesium oxide [15]. Our results indicate that the
beneficial effect of the oral magnesium-containing sup-
plement was decreased by the concomitant use of ant-
acids. These results suggest the possibility that gastric
pH is a crucial factor influencing the absorption of oral
magnesium. Interestingly, the use of antacids significantly
reduced serum magnesium level in the patients who did
not receive an oral magnesium-containing supplement. In
a Drug Safety Communication, the United States Food
and Drug Administration warns of an association between
hypomagnesemia and proton pump inhibitors [16]. Owing
to the acid-suppressive effect of proton pump inhibitors,
they inhibit the gastrointestinal absorption of calcium,
which is a cationic salt similar to magnesium, leading to
the increased risk of bone fractures [17]. Reduced mag-
nesium uptake may be the result of a similar process. The
use of proton pump inhibitors in patients receiving anti-
EGFR antibodies including panitumumab may increase the
risk of hypomagnesemia. Therefore, the use of an antiul-
cer drug, such as proton pump inhibitor and histamine H,
antagonists, should be avoided with an anti-EGFR anti-
body. The substitute use of gastric mucosa defense factor
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reinforcement drug without suppressing the gastric-acid
secretion might be expected.

This study has some limitations. First, this study was
a retrospective observation in a single institution. Totally,
303 patients and 2919 panitumumab administrations were
included in the survey period. However, measurement of
serum magnesium levels at the same time of panitumumab
administration was not performed in 1129 administrations
(38%). These data were excluded from analysis. Lack of
serum magnesium levels was early in the number of panitu-
mumab administration. It was likely that serum magnesium
was not measured by the judgment of the prescription physi-
cian, because hypomagnesemia at early treatment umber will
be extremely rare. There was limitation about the number
of the panitumumab administration. Hypomagnesemia by
panitumumab becomes frequent according to the number
of administrations. The median duration that anti-EGFR
antibody induces severe hypomagnesemia was 60—100 days
[4, 5]. Therefore, the frequency of therapeutic magnesium
supplement with intravenous infusion increased after 7-9th
panitumumab administration. In the panitumumab adminis-
tration up to 16th, intravenous magnesium was administered
in 4.6% of patients. On one hand, 16% of patients received
intravenous magnesium after 16th panitumumab adminis-
tration. It was necessary to eliminate the influence of the
magnesium supplement by the intravenous infusion. We
analyzed up to 16th panitumumab administrations. There
was bias about the selection and the observation period of
the analysis patients.

Second, use of oral magnesium-containing supplement
was extracted from drug prescription histories. As the main
purpose that oral magnesium oxide or magnesium hydrox-
ide was prescribed for prevention, improvement of the con-
stipation, when the constipation-related symptoms were
improved, these oral magnesium preparation use might be
decreased or discontinued, though the data extracted the
patients whom magnesium oxide or magnesium hydrox-
ide was prescribed for continuously. Furthermore, doses of
magnesium-containing supplement differed (906 +466 mg/
day as magnesium). Thus, there was an inconsistency in the
use of the oral magnesium-containing supplement.

Third, different antacids were prescribed among the
patients. Proton pump inhibitors and histamine H, antag-
onists were considered as antacids. The potency of these
drugs is different. To maintain gastric pH at 4, it was
reported that ranitidine was significantly shorter than ome-
prazole (43—-67% vs 93-96%) [18]. In spite of being the anal-
ysis of the few patients, in 163 panitumumab administration
of these 21 patients, the use of the histamine H, antago-
nists also reduced serum magnesium level (2.00 +0.27 vs.
1.82+0.40, p <0.05, ANCOVA). There may be minor dif-
ference according to the type of antacid used, and a detailed
study in this regard should be conducted in the future.
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Fourth, oral magnesium-containing supplement and
antacid significantly affected serum magnesium level in a
statistically significant manner. However, the numerical dif-
ference may not be clinically significant. Generally, serum
magnesium level lower than 1.0-1.2 mg/dL requires intrave-
nous magnesium supplements or discontinuation of panitu-
mumab [6]. The change in serum magnesium level resulted
in magnesium levels much higher than the level at which an
intervention is necessary. Fifth, loop diuretic and digitalis
as co-medications might have induced hypomagnesemia. In
addition, the lack of data on oral magnesium intake from
food may also be a potential confounder.

Conclusion

Oral magnesium-containing supplement with anti-EGFR
antibody treatment, including panitumumab, may be ben-
eficial to prevent hypomagnesemia. In contrast, proton
pump inhibitors or histamine H, antagonists may worsen
hypomagnesemia with anti-EGFR antibody treatment
regardless of the administration of oral magnesium-contain-
ing supplement. The use of antacids in patients receiving
panitumumab may increase the risk of hypomagnesemia.
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