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ABSTRACT

Objective. Mannose-binding lectin (MBL) is important
in the innate immune response. MBL2 gene polymor-
phisms affect MBL expression, and genotypes yielding
low MBL levels have been associated with an elevated
risk for infections in hematological cancer patients un-
dergoing chemotherapy. However, these reported asso-
ciations are inconsistent, and data on patients with solid
tumors are lacking. Here, we investigated the effects of
MBL2 genotypes on irinotecan-induced febrile neutro-
penia in patients with solid tumors.

Patients and Methods. Irinotecan-treated patients
were genotyped for the MBL2 gene. Two promoter
(=550 H/L and —221 X/Y) and three exon polymor-
phisms (52 A/D, 54 A/B, and 57 A/C) were determined,
together with known risk factors for irinotecan-induced
toxicity. Neutropenia and febrile neutropenia were re-
corded during the first course.

Results. Of the 133 patients, 28 % experienced severe

neutropenia and 10% experienced febrile neutropenia.
No associations were found between exon polymor-
phisms and febrile neutropenia. However, patients with
the H/H promoter genotype, associated with high MBL
levels, experienced significantly more febrile neutropenia
than patients with the H/L and L/L genotypes (20% versus
13% versus 5%). Moreover, patients with the HYA hap-
lotype encountered significantly more febrile neutropenia
than patients without this high MBL-producing haplotype
(16% versus 4%). In the subgroup with wild-type exon
polymorphisms (A/A), patients with the high MBL pro-
moter phenotype had the highest incidence of febrile neu-
tropenia, regardless of known risk factors.

Conclusion. Patients with high MBL2 promoter geno-
types and haplotypes seem more at risk for developing fe-
brile neutropenia. If confirmed, these preliminary
findings may contribute to more individualized approaches
of irinotecan treatment. The Oncologist 2010;15:1063-1072
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INTRODUCTION
Mannose-binding lectin (MBL) is produced in the liver and
plays an important role in the innate immune system [1-3].
As a member of the collectin family, MBL possesses a car-
bohydrate recognition domain, which recognizes and binds
microbial surface carbohydrates [4]. A wide range of
Gram-positive and Gram-negative bacteria, viruses, fungi,
and protozoa can be bound by MBL, mediating opsonoph-
agocytosis directly and indirectly by activation of the lectin
complement pathway [1, 5]. Especially when the adaptive
immune system is immature or compromised, MBL be-
comes very important. In these instances, the innate im-
mune response forms the principal defense against
infection, thereby theoretically rendering MBL deficiency
a serious risk factor for infection [1]. This seems particu-
larly relevant when a patient is under immunosuppressive
therapy or is receiving a bone marrow transplant and/or
chemotherapy for hematological malignancies [3, 6-11].
However, research on the effects of MBL on hematological
malignancies has yielded conflicting results [7, 12-16].
Five different polymorphisms in the MBL2 gene, lo-
cated on chromosome 10, are related to serum MBL protein
levels [17-20]. Two promoter polymorphisms, —550 H/L
(rs11003125) and —221 X/Y (rs7096206), together form
three haplotypes, which result in high (HY), intermediate
(LY), and low (LX) MBL levels [18, 21] (Table 1). The re-
maining three polymorphisms, also referred to as exon
polymorphisms, are located on the first exon of the MBL2
gene—codon 52 (Arg—Cys, rs5030737; also known as the
MBL2-D variant allele), codon 54 (Gly— Asp, rs1800450;
also known as the MBL2-B variant allele), and codon 57
(Gly—Glu, rs1800451; also known as the MBL2-C variant
allele). Homozygous wild-type patients for each of these
exon polymorphisms are referred to as A/A and have high
circulating MBL levels [22]. Patients carrying one variant
allele have intermediate MBL levels and are referred to as
A/O, in which the “O” stands for one of the MBL2 variants
(D, B, or C). Patients carrying two variant alleles, whether
two equal or two different variants, are referred to as O/O
and have low functional MBL levels [22]. The occurrence
of these variants is rather frequent, with approximately 40%
of whites bearing at least one variant exon polymorphism
resulting in reduced serum MBL levels [21, 23, 24].
Irinotecan, a prodrug of the topoisomerase I inhibitor
SN-38, is widely used in patients with colorectal cancer. It
is typically known for its unpredictable toxicities, mainly
consisting of (febrile) neutropenia and late-onset diarrhea.
The occurrence of these side effects may lead to dose re-
ductions or even treatment discontinuation, thereby attenu-
ating the antitumor activity of irinotecan [25, 26]. Several
inherited and environmental factors affect the occurrence of
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Table 1. Overview of MBL2 polymorphisms and
haplotype-related expression of MBL
Genotype Phenotype
Exon 1 polymorphism
A/A High MBL
A/O?* Intermediate MBL
0/0* Low MBL
Promoter haplotype”
HY High MBL
LY Intermediate MBL
LX Low MBL
Promoter phenotype in A/A patients
HY/HY and HY/LY High MBL
LY/LY and HY/LX Medium MBL
LY/LX and LX/LX Low MBL
40 refers to “D” (52Arg—Cys), “B” (54Gly— Asp), or
“C” (57Gly—Glu) MBL?2 variants.
"The HX genotype had only been described in three
Subsaharians and has not been demonstrated in whites
[39, 40].
Abbreviations: MBL, mannose-binding lectin.

these adverse effects. These include polymorphisms in
genes encoding drug-metabolizing enzymes and transport
proteins, lifestyle factors such as smoking habits, renal
function, and comedication [27-31]. However, despite the
elucidation of these risk factors, there is an obvious need to
get more insight into factors rendering patients at risk for
developing irinotecan-induced toxicities, in particular, fe-
brile neutropenia.

Therefore, together with the facts that data on the asso-
ciation of MBL2 genotypes with the occurrence of febrile
neutropenia in hematological cancer patients are inconsis-
tent and data on such an association in solid cancer patients
are lacking, we explored the effect of MBL2 polymor-
phisms on febrile neutropenia in irinotecan-treated patients.

PATIENTS AND METHODS

Patients and Treatment

Patients who were treated with single-agent irinotecan once
every 3 weeks over 90 minutes at a dose of 350 mg/m?, its
600 mg flat-fixed (irrespective of BSA) dose equivalent
[32, 33], or at a dose that was based on cytochrome P450
(CYP)3A4 phenotyping [34] were studied during their first
treatment course. Premedication consisted of dexametha-
sone and granisetron. In cases of acute cholinergic syn-
drome, atropine was administered s.c. Delayed-type
diarrhea was treated with loperamide and, if necessary, with
antibiotics, at the discretion of the treating physician. Fe-
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brile neutropenia was treated with the broad-spectrum an-
tibiotic imipenem.

All patients had participated in four prospective trials
involving pharmacokinetic and pharmacodynamic analyses
[34-37]. Those trials were approved by the institutional
medical ethical boards of the participating medical centers
and were performed in accordance with the Declaration of
Helsinki. All patients gave written informed consent for
participation in those studies and for additional pharmaco-
genetic analyses. The most important inclusion criteria of
these studies were: a histologically or cytologically con-
firmed diagnosis of any solid tumor that was believed to be
sensitive to irinotecan treatment; age >18 years; a World
Health Organization performance status score <2; and ad-
equate hematological, renal, and hepatic function. Addi-
tionally, the time between the last anticancer treatment and
the start of irinotecan treatment had to be >4 weeks. Fur-
thermore, the use of any known CYP3A and/or P-glyco-
protein inhibitor or inducer during the whole study period
(starting 2 weeks before the first irinotecan administration)
was not allowed. Patients with unresolved bowel obstruc-
tion or chronic colic disease were excluded from the study.

In one of the four studies, some of the patients were pro-
phylactically treated with neomycin [35]. Because this ami-
noglycoside antibiotic is poorly absorbed [38], and in this
study no effects of neomycin prophylaxis on the systemic
clearance of SN-38 and the incidence of serious neutrope-
nia and leukopenia were noted [35], no effect of neomycin
cotreatment on febrile neutropenia was anticipated.

Toxicities

Before the start of irinotecan treatment, a complete medical
history, physical examination, and hematological and
chemical blood analyses were performed. During the
3-week follow-up period after the first administration of iri-
notecan, patients were seen weekly at the outpatient clinic
for follow-up, which included a physical examination and
routine hematological, renal, and hepatic laboratory analy-
ses. When patients were admitted to the hospital because of
severe toxicities, laboratory tests were performed more fre-
quently (at least thrice a week). Toxicities were graded ac-
cording to the Common Terminology Criteria for Adverse
Events, version 3.0, of the National Cancer Institute. Fe-
brile neutropenia was defined as a neutrophil count =1.0 X
10°/ml in the presence of fever. Fever was defined as a tem-
perature >38.5°C on a single measurement or a tempera-
ture >38.0°C on two separate occasions [9, 13].

Genotyping
DNA was obtained from whole blood as described previ-

ously [37], and samples were genotyped for polymor-
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phisms in the MBL2 gene. Five common polymorphisms of
the MBL2 gene—two in the promoter region (—550 H/L
and —221 X/Y) and three in the first exon (52 A/D, 54 A/B,
and 57 A/C—were analyzed by allele-specific amplifica-
tion reactions, according to Mullighan et al. [39]. The poly-
merase chain reaction (PCR) amplification was performed
in a 25-ul reaction volume, containing 15 ng genomic
DNA, PCR Buffer II (Perkin Elmer, Waltham, MA), 1.5
mM MgCl,, 0.2 mM of each of the deoxynucleotide
triphosphates (Roche, Indianapolis, IN), 0.5 U Amplitaq
Gold (Perkin Elmer), and 20 pmol of each of the primers, as
described elsewhere [39]. PCR products were analyzed on a
1% agarose gel with ethidium bromide, and results were ar-
chived using a Gel Doc GD 2000 system (Bio-Rad, Her-
cules, CA).

Construction of MBL2 Haplotypes and
Phenotypes

The two promoter polymorphisms, —550 H/L and —221
X/Y, were combined to form three promoter haplotypes:
HY, LY, and LX [12], which are related to high, interme-
diate, and low levels of MBL, respectively (Table 1) [18,
21]. The HX haplotype probably does not occur in whites
because of linkage disequilibrium [39, 40]. Combination of
these haplotypes in patients having the wild-type exon ge-
notype (A/A) yielded three MBL2 promoter phenotypes:
high (HY/HY and HY/LY), medium (HY/LX and LY/LY),
and low (LY/LX and LX/LX).

Additional Analyses

Pharmacokinetic analyses and parameters of irinotecan and
the active metabolite SN-38, as well as the presence of
UGTIA1#28 and UGTIAI*93 (—3156G>A) alleles,
which are known to influence irinotecan pharmacokinetics
and toxicities by decreasing glucuronidation [30, 41], were
determined as described previously [37].

Statistical Analyses

All exploratory analyses were performed anonymously and
without awareness of clinical outcome to exclude any form
of potential bias. Differences in the incidence of febrile
neutropenia among exon polymorphisms (A/A, A/O, O/0O),
promoter polymorphisms (—550 H/H, H/L, L/L and —221
X/X, X/Y, Y/Y), and promoter phenotypes (high, medium,
low) were analyzed using ? tests for trends.

Associations between the toxicities and the presence or
absence of the HYA and LXA haplotypes were analyzed
using x? tests. In addition, odds ratios (ORs) with 95% con-
fidence intervals (CIs) were calculated. Differences in pa-
tient characteristics among the MBL phenotype groups and
the promoter polymorphism and haplotype groups were an-
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alyzed using Kruskal-Wallis tests in cases of continuous
variables and X2 tests (for trends) in cases of nominal vari-
ables.

Statistical calculations were performed using SPSS ver-
sion 16.0 (SPSS Inc., Chicago, IL). p-values < .05 were
considered significant.

RESULTS

Patient Characteristics

One hundred thirty-three patients were successfully geno-
typed for MBL2 and were included in the analyses. Thirteen
patients were excluded from the analyses because there was
no blood available for genotyping (n = 7), MBL genotype
could not be obtained (n = 4), or no toxicity data were
available (n = 2). The characteristics of these patients are
shown in Table 2. Seventy-two patients (54%) were male
and 61 patients (46%) were female. Ninety-seven percent
of the patients were white. The most common tumor types
were colorectal cancer (27%), upper gastrointestinal cancer
(15%), and (adeno)carcinoma of unknown primary (15%).
Nineteen patients (15%) had been prophylactically treated
with neomycin, as mentioned before [35].

Toxicities

Twenty-nine patients (22%) experienced fever during their
first irinotecan course. Twenty patients (15%) had grade 3
neutropenia and 17 patients (13%) experienced grade 4
neutropenia. Febrile neutropenia was seen in 13 patients
(10%) and lasted a median of 1.5 days (range, 1-4 days). In
11 patients with febrile neutropenia (85%), there were nei-
ther positive blood cultures nor any clinical signs of infec-
tion other than fever. In the only two positive blood cultures
that were found, one showed Escherichia coli and the other
showed Pseudomonas aeruginosa. No effect of cotreat-
ment with neomycin on the incidence of febrile neutropenia
was seen in this study. Of the 19 patients who received neo-
mycin, three developed febrile neutropenia (16%), whereas
in patients who were not treated with neomycin, nine of 102
(8%) developed febrile neutropenia (p = .285).

MBL2 Polymorphism Frequencies

In four patients (2.9%), MBL2 genotyping was not success-
ful, and therefore those patients were excluded from the
analyses. In line with recent publications [8, 14], 50 patients
(38%) carried at least one exon 1 mutation. The allele fre-
quency of the wild-type allele (A) was 78.0%, whereas the
rest of the alleles were variably present, with allele frequen-
cies of 5%, 15%, and 2% for the D, B, and C variants, re-
spectively. The frequencies of the —550H and —550L
alleles in the promoter were 32% and 68%, respectively,

Effects of MBL on Irinotecan-Related Neutropenic Fever

Table 2. Patient characteristics

Characteristic® n % or range
Age (yrs)° 57 27-74
BSA (m?)° 1.90 1.35-2.50
Race
White 129 97%
Other® 4 3%
Sex
Male 72 54%
Female 61 46%
Tumor type
Colorectal 36 27%
Upper gastrointestinal tract 20 15%
(A)CUP 20 15%
Lower gastrointestinal tract® 18 14%
Lung 15 11%
Sarcoma 8 6%
Other® 16 12%
UGTIAI*28"
TAG6/TAG6 (wild-type)® 59 44%
TA6/TAT" 63 47%
TA7/TAT 8 6%
UGTIAI*93 (—3156G>A)"
G/G (wild-type) 64 49%
G/A 58 45%
A/A 8 6%

“Data are presented as numbers with percentages, unless
stated otherwise.

"Data are presented as median with range.

“Including Asian (n = 1) and Afro-Caribbean (n = 3).
“Including cancer of the bile tract (pancreatic cancer,
cholangiocarcinoma, gall bladder cancer, ampulla of
Vater carcinoma) and small intestines, excluding
colorectal cancer.

“Including breast cancer (n = 4), head and neck cancer
(n = 3), cervical carcinoma (n = 3), ocular melanoma
(n = 2), urothelial cell carcinoma (n = 2), ovarian
carcinoma (n = 1), and medulloblastoma (n = 1).

fn =130 (UGT1A1%28 and UGTIAI%93 status could not
be obtained in three patients).

€All patients who were homozygous for the wild-type *28
allele were also homozygous for the wild-type *93 allele.
"Fifty-eight of 63 heterozygous *28 patients (TA6/TA7)
were also heterozygous for the *93 variant allele. Five
TAG6/TAT7 patients were homozygous for the wild-type
*93 allele (G/G).

'All patients who were homozygous for the variant *28
allele were also homozygous for the variant ¥*93 allele.
Abbreviation: BSA, body surface area.

and the frequencies of the —221X and —221Y promoter al-
leles were 22% and 78%, respectively.

Combining the promoter and exon 1 polymorphisms,
six haplotypes were found based on the genotyping results

O%ecologist"



van der Bol, de Jong, van Schaik et al.

1067

Table 3. MBL2 polymorphisms and haplotypes in relation to irinotecan-induced toxicities
Febrile neutropenia® Severe (grade 3 or 4) neutropenia®
Yes No Yes No
Polymorphisms and haplotypes n % n % p° n % n % p°
Exon 1 polymorphism .853 175
A/A 7 8% 76 92% 25 30% 57 70%
A/O 6 15% 35 85% 12 29% 30 71%
0/0 0 0% 8 100% 0 0% 8 100%
—550 promoter polymorphism (H/L) .039 437
H/H 3 20% 12 80% 6 40% 9 60%
H/L 13% 46 87% 14 26% 39 74%
L/L 3 5% 61 95% 17 27% 47 73%
—221 promoter polymorphism (X/Y) .079 .869
X/X 0 0% 10 100% 3 30% 7 70%
XY 2 5% 37 95% 10 26% 29 T74%
Y/Y 11 13% 72 87% 24 29% 59  T71%
HYA haplotype .019°¢ .396°
Present 10 16% 51 84% 19 32% 41 68%
Absent 3 4% 68 96% 18 25% 54 75%
LXA haplotype .088°¢ .768°¢
Present 2 4% 47 96% 13 27% 36 73%
Absent 11 13% 72 87% 24 29% 59  71%
Promoter phenotype in exon 1 wild- .030 .687
type patients (A/A)°
High (HY/HY and HY/LY) 6 15% 33 85% 13 34% 25 66%
Medium (LY/LY and HY/LX) 1 5% 20 95% 5 24% 16 76%
Low (LY/LX and LX/LX) 0 0% 23 100% 7 30% 16 70%
“n =132 patients (data on febrile neutropenia missing in one patient, data on severe neutropenia missing in another patient).
Pp-value result from y° test for trend, unless stated otherwise.
“p-value result from x” test.
dn =83 patients.

and available literature [18, 39]. The most frequent haplo-
types were LYA, HYA, and LXA, with haplotype frequen-
cies of 20%—-30%, whereas LYC and HYD were found
sporadically, with haplotype frequencies <<5%. The haplo-
type frequency of LYB was 15%. These frequencies were
in accordance with previously reported frequencies in
whites [8, 14, 24, 42, 43].

MBL2 Exon Polymorphisms in Relation to
Irinotecan-Induced Febrile Neutropenia

Febrile neutropenia was not significantly associated with
the presence of a certain exon polymorphism (Table 3). The
incidences of febrile neutropenia were 8% (seven of 83 pa-
tients) in patients with the A/A genotype, 15% (six of 41
patients) in patients with the A/O genotype, and 0% (none
of eight patients) in the O/O patients (p = .853). In the sub-
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group of patients with severe (grade 3 or 4) neutropenia, no
relation was found between the incidence of fever and the
presence of a certain exon polymorphism.

MBL2 Promoter Polymorphisms in Relation to
Irinotecan-Induced Febrile Neutropenia

As illustrated in Figure 1A and Table 3, patients with the
H/H genotype had a higher incidence of febrile neutropenia
than patients with the H/L and L/L genotype (three of 15
patients [20%] versus seven of 53 patients [13%] versus
three of 64 patients [5%]; p = .039). A higher incidence of
febrile neutropenia was also observed in patients carrying
the Y/Y genotype than in those carrying the X/Y and X/X
genotypes (11 of 83 patients [13%] versus two of 39 pa-
tients [5%] versus none of 10 patients [0%]) (Fig. 1B), al-
though this finding did not reach statistical significance
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Figure 1. Bar graphs showing the effects of the MBL2-pro-
moter —550H/L polymorphism (A), MBL2-promoter
—221X/Y polymorphism (B), and MBL2-promoter pheno-
types (high, HY/HY and HY/LY; medium, LY/LY and HY/
LX; and low, LY/LX and LX/LX) in patients with the wild-
type exon polymorphism (A/A) (C) on the incidence of febrile
neutropenia in cancer patients treated with irinotecan.

(p = .079). In both analyses, the differences in the inci-
dence of febrile neutropenia could not be explained by a dif-

Effects of MBL on Irinotecan-Related Neutropenic Fever

ferent incidence of severe (grade 3 or 4) neutropenia in the
groups (p > .437).

Similarly, in patients experiencing severe neutropenia,
the risk for febrile neutropenia was likewise dependent on
promoter genotype, illustrating the role of MBL in im-
mune-compromised patients. Patients with the H/H and the
H/L genotypes had higher incidences of febrile neutropenia
than patients with the L/L genotype (50% versus 50% ver-
sus 18%; p = .066), and patients carrying the Y/Y genotype
had a higher incidence of febrile neutropenia than patients
carrying the X/Y and X/X genotypes (48% versus 20% ver-
sus 0%; p = .044).

MBL2 Promoter Haplotypes and Phenotypes

in Relation to Irinotecan-Induced

Febrile Neutropenia

In line with analyses of individual promoter polymor-
phisms, patients with at least one HY A haplotype had a four
times higher incidence of febrile neutropenia than patients
who did not have this high MBL level haplotype (16% ver-
sus 4%; OR, 4.4;95% CI, 1.2-17.0; p = .019) (Fig. 2A). In
the subgroup of patients with a wild-type exon polymor-
phism (A/A), patients with the HY A haplotype also had a
higher incidence of febrile neutropenia (n = 83; 15% versus
0%; OR, 1.2; 95% CI, 1.0-1.3; p = .018). Importantly, in
patients with severe neutropenia (grade 3 or 4), the presence
of at least one HY A haplotype resulted in a higher risk for
developing fever during the neutropenic episode (n = 36;
53% versus 18%; OR, 5.2; 95% CI, 1.1-24.1; p = .029).
This was also the case in the subgroup of patients with the
wild-type exon polymorphism who had severe neutropenia
(n = 25; 47% versus 0%; OR, 1.9; 95% CI, 1.2-3.0; p =
.011).

Although not significant, patients without the low
MBL-producing haplotype LXA had a trend toward a more
than three times higher risk for febrile neutropenia than pa-
tients with this haplotype (13% versus 4%; OR, 3.6; 95%
CI, 0.8-16.9; p =.088) (Fig. 2B).

In the subgroup of patients with the wild-type exon
polymorphism (A/A), patients with the high MBL2 pro-
moter phenotype (HY/HY and HY/LY) had the highest in-
cidence of febrile neutropenia, compared with the medium
(LY/LY and HY/LX) and low (LY/LX and LX/LX) MBL2
promoter phenotypes, as illustrated in Figure 1C (15% ver-
sus 5% versus 0%; p = .030). This could not be explained
by a higher incidence of severe (grade 3 or 4) neutropenia in
this group (34% versus 24% versus 30%; p = .687). Like-
wise, no effect of other potential confounders such as age,
exposure to SN-38, or the presence of the UGTIAI*28 or
UGTIAT%93 alleles was found (see online supplementary
Tables A-C).

O%ecologist"
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A P=.019
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Febrile Neutropenia (%)
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14 2%

B P=.088

Febrile Neutropenia (%)
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Figure 2. Bar graphs showing the negative effects of the pres-
ence of at least one MBL2 HY A haplotype (A) and the absence
of any MBL2 LXA haplotype (B) on the incidence of febrile
neutropenia in cancer patients treated with single-agent irino-
tecan.

Also, in the subgroup of patients with the wild-type
exon polymorphism who experienced severe neutropenia, a
higher incidence of febrile neutropenia was observed in pa-
tients with the high MBL2 promoter phenotypes (46% ver-
sus 20% versus 0%; p = .029).

DISCUSSION

This study explored the influence of MBL2 polymorphisms
on chemotherapy-induced neutropenic fever in adult cancer
patients with solid tumors. Because the innate immune re-
sponse, with MBL as a key factor, is thought to play a cru-
cial role in the defense against infectious pathogens (in
particular, in cases of neutropenia), we initially hypothe-
sized that patients with functional genotypes associated
with low MBL production would be more prone to develop
neutropenic fever. In contrast, we found that patients with
high MBL-producing promoter genotypes, haplotypes, and
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haplotype combinations of the MBL2 gene suffer more of-
ten from febrile neutropenia after irinotecan chemotherapy
than patients with low MBL-producing genotypes. Also, in
the group of patients who developed grade 3 or 4 neutrope-
nia, the incidence of neutropenic fever was higher in pa-
tients with genotypes yielding high MBL levels.

In view of our results, we hypothesize that low MBL
levels (as determined by genotype) might have a protective
effect against the occurrence of fever in neutropenic pa-
tients because of insufficient activation of the complement
system. A high frequency of unexplained fever during neu-
tropenic episodes was shown previously [44, 45]. Also, in
our study population, almost no infectious causes could be
identified in the patients developing febrile neutropenia.
Therefore, it could be hypothesized that fever in (most) pa-
tients with neutropenia is induced by the neutropenic state
as such, rather than by the presence of infectious pathogens.
This might explain why patients with high MBL genotypes
had a higher incidence of febrile neutropenia in our study,
because higher MBL levels might induce the occurrence of
an immunological response [46]. Another explanation for
our findings is that transient neutropenia is commonly as-
sociated with subclinical infections. If true, those patients
with genotypes yielding high MBL levels may be more
prone to developing fever as a response to neutropenia than
patients with genotypes yielding low MBL concentrations.
However, these explanations are hypothetical and should
be further investigated.

To the best of our knowledge, this is the first study ad-
dressing the association of MBL genotypes and neutropenic
fever in adult patients with solid malignancies who are
treated with chemotherapy. Previous research on the influ-
ence of MBL2 polymorphisms and MBL serum levels on
the incidence and duration of infectious toxicities has been
conducted only in hematological and pediatric cancer pa-
tients, and yielded conflicting results. In patients with ge-
notypes producing low MBL levels, a longer duration of
febrile neutropenia and a higher risk for major infections
were reported in pediatric patients undergoing chemother-
apy for (mainly) hematological malignancies and in adults
after allogeneic hemopoietic stem cell transplantation [7,
9]. The differences between these and our results may be
explained by the, in general, much more myelosuppressive
(or even myeloablative) effect of chemotherapy for hema-
tological malignancies than for chemotherapy administered
to our population, apart from the fact that hematological
malignancies themselves also cause myelosuppression
[47], and that the mode of action of MBL is influenced by
the depth and duration of myelosuppression.

In line with our findings, Schlapbach et al. [10] found
that, not only children with the lowest MBL levels (<100
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ng/l), but also children with the highest MBL levels
(>1,000 wg/l) had more frequent episodes of febrile neu-
tropenia and were hospitalized longer than children with in-
termediate MBL levels after chemotherapeutic treatment
for solid and hematological cancers. They showed that high
MBL levels may be less beneficial for patients, possibly as
a result of greater complement activation and the stimula-
tion of proinflammatory signals [46], and that moderate
MBL deficiency may be favorable, especially in patients
who briefly receive immunosuppressive chemotherapy.
This could explain why we only found an effect of promoter
polymorphisms, which are known to have a less dramatic
effect on MBL levels than exon polymorphisms, on the in-
cidence of febrile neutropenia [18]. Another interesting
analysis showed a trend toward more grade 4 neutropenic
infections in multiple myeloma patients carrying the high
MBL-producing wild-type exon polymorphism [14]. Inter-
estingly, Klostergaard et al. [48] found a significantly
higher incidence of Gram-negative blood cultures in high
MBL genotypes, which could explain why we found a
higher incidence of febrile neutropenia in high MBL geno-
types and positive blood cultures of only Gram-negative
bacteria (Escherichia coli and Pseudomonas aeruginosa) in
our study.

In addition to these studies, several other studies could
not reveal an association between MBL2 genotype or serum
MBL levels and infectious complications after chemother-
apy [12, 13, 16, 49]. The conflicting outcomes of these stud-
ies clearly underline that more research is required to
unravel the exact relationship among MBL2 genotypes,
MBL serum levels, and the occurrence of neutropenic
events in cancer patients treated with chemotherapy. We,
therefore, feel that the initiation of studies on MBL replace-
ment therapy, as has occurred in patients with multiple my-
eloma or children with chemotherapy-induced neutropenia,
is premature [50].

An important caveat of studies on the relationship be-

Effects of MBL on Irinotecan-Related Neutropenic Fever

tween MBL2 gene polymorphisms and neutropenic events,
including ours, is the fact that, in ill people, MBL levels are
determined not only by genotype but likely also by the dis-
ease itself in the context of an acute-phase response [8, 12—
13]. Moreover, our study population was relatively small,
which resulted in a low absolute number of neutropenic
events seen. In addition, several tumor types were involved,
which could have influenced outcomes. Because this study
was exploratory in nature, no corrections for multiple anal-
yses were performed. Therefore, our findings should be in-
terpreted with caution and should be confirmed in larger
(and more uniform) study populations, preferably in com-
bination with MBL serum level measurements, to deter-
mine whether the known genotype/phenotype relations in
healthy humans are comparable in cancer patients. If con-
firmed, the finding that patients having polymorphisms in
the MBL2 gene, associated with high MBL levels, have an
elevated risk for developing irinotecan-induced febrile neu-
tropenia is of importance. As a result, MBL2 genotyping
could have a meaningful place in clinical decision making
and contribute to more personalized patient management.
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