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Abstract  

 Objective: To determine whether mannose-binding lectin (MBL) is a prognostic factor 

for disease severity in childhood cancer, by evaluating the need for and complications during 

pediatric intensive care unit (PICU) admission, relapse of malignancy or death.  

 Patients and Methods: Children with cancer who were expected to become neutropenic 

due to chemotherapy were included in a prospective cohort study. Demographics, tumor 

type, frequency and duration of PICU admissions, relapse, and death were recorded. We 

collected microbiological, laboratory and clinical parameters of each PICU admission. MBL 

genotype (wild-type: A, exon-1 variant: O) and MBL plasma levels were measured by 

Taqman and ELISA assays, respectively. 

 Results: Sixty out of a total of 222 children (27%) accounted for 80 PICU admissions 

for reasons other than surveillance. The number of PICU admissions was similar in children 

with A/A, A/O, and O/O MBL2 genotypes (p=0.55) and in children with MBL deficiency, 

defined by plasma levels <0.2 �g/ml (p=0.23). The median duration of all PICU admissions 

with febrile neutropenia was 18 days (IQR: 16-21 days) in O/O patients and 6 days (IQR: 4-

13 days) in A/A and A/O patients (p=0.03). However, MBL2 genotype and MBL deficiency 

were not associated with microbiological, clinical and laboratory parameters during the first 

PICU admission of each patient. MBL-deficient patients with lymphomas relapsed 

significantly earlier than the remaining patients (p=0.004). 

 Conclusion: MBL2 genotype is not associated with frequency or severity of separate 

PICU admissions, but the O/O genotype seems to be a risk factor for the cumulative duration 

of PICU admissions associated with febrile neutropenia. Moreover, MBL deficiency 

appeared to be associated with earlier relapse overall, and in particular in lymphoma 

patients. Febrile neutropenic pediatric oncology patients have been proposed to benefit from 

MBL substitution but the specific target group and/or the condition in which they may 

benefit most from MBL replacement, has yet to be identified.  

 

Introduction 

 Over the past decades, the prognosis of childhood cancer has improved due to the 

development of new chemotherapeutic regimens and advances in supportive care. However, the 

aggressive chemotherapeutic regimens lead to (infectious) complications and increased frequency 

of life-threatening events, requiring admission to pediatric intensive care units (PICUs) (1). It is 

important to identify predictors for infectious and non-infectious complications in children with 

cancer resulting in PICU admission (2).  

 For the past few years, research focused on the possible role of the innate immune protein 
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mannose-binding lectin (MBL) in childhood cancer, because deficiency of this protein has been 

associated with increased infection susceptibility in immunocompromized individuals (3, 4). MBL 

is an oligomeric molecule that activates the lectin pathway of the complement system after binding 

to repeating sugar-residues on the surface of many different microorganisms. Activation of 

complement occurs through MBL-associated serine proteases (MASPs). This results in direct 

complement-mediated lysis or opsonization of the micro-organisms followed by phagocytosis by 

neutrophils (5). 

 The gene encoding MBL (MBL2) lies on chromosome 10q11.2-q21 (6). Three dominant 

mutations at codon 52, 54, and 57 (D, B, and C variants, respectively, commonly denoted as O) in 

exon-1 of this gene result in disruption of the oligomeric formation and reduced or low levels of 

circulating MBL, while normal or high MBL levels are seen in ‘wild-type’ (denoted as A) 

individuals (5). In addition, 3 promoter polymorphisms (termed H/L, X/Y, and P/Q) alter the 

functional plasma level (7). However, only the X/Y variant has a pronounced influence: the X 

allele is associated with decreased plasma MBL levels and the Y variant with high plasma MBL 

levels (8). Due to linkage disequilibrium, the exon-1 mutations in combination with the X/Y 

promoter polymorphism result in six possible haplotype combinations: YA/YA, YA/XA, XA/XA, 

YA/O, XA/O and O/O. Individuals with YA/YA and YA/XA haplotypes have high or normal 

MBL levels (>1.0 �g/ml) (9, 10). Intermediately decreased MBL plasma levels are described in 

healthy individuals with the genotypes XA/XA and YA/O (9), while very low or undetectable 

plasma MBL levels are seen in individuals with genotypes XA/O and O/O (9, 11).  

 Although MBL deficiency has been associated with infection susceptibility and disease 

outcome in several disease entities, the role of MBL in immunocompromized pediatric oncology 

patients is debated. MBL deficiency has been associated with increased duration and frequency of 

febrile neutropenia in pediatric oncology patients, but we and others did not find an association 

(10, 12-15). In contrast, our data previously suggested that patients with high MBL levels (>1.0 

�g/ml) required PICU admission more often during a neutropenic fever episode, as compared to 

children with MBL levels <1.0 �g/ml (13). These results suggest a dual role for MBL in 

neutropenic pediatric oncology patients. MBL deficiency may increase infection susceptibility, but 

it may prevent excessive complement activation once sepsis has developed. We therefore 

investigated whether MBL2 genotype or low MBL plasma levels were associated with risk for and 

severity of PICU admission and time to relapse of malignancy or death in a larger cohort of 

pediatric oncology patients.  

 

Material and methods 

Patients 

Between March 2003 and October 2006, MBL2 genotype and MBL plasma levels were 
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determined in children expected to become neutropenic in the course of their chemotherapy 

treatment. In total, 222 children (0-18 years) who were admitted to the Oncology Department of 

the Emma Children’s Hospital, Academic Medical Center (AMC), Amsterdam, the Netherlands, 

were consecutively included. Previously, the first 110 consecutively included children participated 

in a pilot study on MBL deficiency and severity of febrile neutropenic episodes (13). Healthy adult 

blood donors (n=194) served as controls. 

Clinical data 

Data on demographics, primary tumor type, chemotherapy treatment, relapse and survival 

were collected until October 2007. The study protocol was approved by the local ethics committee. 

Written informed consent from parents and children (>12 years) was obtained. 

 Retrospectively, all PICU admissions of the 222 children were recorded. Of the 143 patients 

with a PICU admission, 83 patients who were admitted for surveillance after diagnostic procedures 

or uncomplicated surgery were excluded. Clinical data of 80 PICU admissions of the remaining 60 

patients were collected. General clinical data comprised the major reason for admission and 

oncologic status (newly diagnosed, partial/complete remission, relapse). The occurence of 

neutropenic fever, pneumonia, meningitis, bacteremia, sepsis or septic shock, invasive fungal 

infection, or neutropenic enterocolitis was recorded.  

 The severity of the PICU admission was assessed by duration of admission, requirement of 

mechanical ventilation, fluid resuscitation or inotropes, and the presence of disseminated 

intravascular coagulation (DIC), multiple organ failure (MOF), and by death. The results of chest 

X-ray and blood, sputum, tracheal aspirate, cerebral spinal fluid, and other tissues cultures were 

collected. In all patients, counts of leukocytes (x 106 cells/ml), neutrophils (x 106 cells/ml) and C-

reactive protein (CRP, mg/L) were measured on admission. We determined the duration of 

neutropenia. Clinical data were collected by investigators blinded to MBL measurements.  

Definitions 

Tumor type was divided into leukemia, lymphomas and solid tumors. Neutropenia was 

defined as an absolute neutrophil count of less than 500 cells/�L, severe neutropenia as <100 cells/

�L. The definition for fever was a single temperature >38.5�C. Bacteremia required the isolation 

of bacteria from the blood. Diagnoses of sepsis and septic shock were made according to the 

international pediatric sepsis consensus conference (16). In brief, sepsis was defined by the 

presence of proven or presumed infection and clinical signs and symptoms of the systemic 

inflammatory response syndrome. Septic shock was defined as sepsis with cardiovascular organ 

dysfunction e.g. hypotension (blood pressure <+2 SD for age) despite adequate fluid resuscitation 



MBL as prognostic factor in pediatric oncology patients 

 113 

(16). A diagnosis of pneumonia required combined clinical and radiological findings. Invasive 

fungal infection required clinical symptoms, radiologic evidence and a culture of fungi. Organ 

system failure was diagnosed if one or more criteria for a given system were met according to 

Wilkinson et al (17). MOF was defined as the failure of three or more organs, based on laboratory 

and clinical data. 

Assays

Blood for MBL measurements was sampled at diagnosis or before chemotherapy treatment, 

not during PICU admission. MBL measurements were performed at Sanquin Research and 

Landsteiner Laboratory, AMC, Amsterdam. MBL plasma levels were measured by enzyme-linked 

immunosorbent assay (ELISA) technique as previously described (13, 18). In short, mannan was 

coated to the solid phase and incubated with plasma. We used biotinylated mouse-anti-MBL (anti-

MBL-1, 10 �g/ml, Sanquin) as detection antibody (18).  

 Mutations in codon 54 (B), 57 (C), and 52 (D) of exon-1 of the MBL2 gene (together named 

O) and H/L, P/Q and X/Y promoter polymorphisms were analyzed by Taqman assays with 

specific primers and minor-groove-binding probes, as previously described (13). These data were 

combined to give six extended haplotype combinations of exon-1 mutations together with the X/Y 

promoter polymorphism (YA/YA, YA/XA, XA/XA, YA/O, XA/O, and O/O). 

Statistics 

Patients were classified according to MBL2 genotype. Wild-type MBL2 patients (A/A) were 

compared to patients with heterozygous exon-1 mutations (A/O) and patients with a homozygous 

exon-1 mutation (O/O) by Kruskal-Wallis and Chi-square tests, where appropriate. Secondly, we 

investigated the influence of very low MBL plasma levels, associated with the XA/O and O/O 

haplotypes (9, 11). In our cohort, an optimal receiver operator curve (ROC) cut-off value to define 

these very low MBL plasma levels was calculated to be 0.20 �g/ml. The corresponding area under 

the curve was 0.96 (95% CI: 0.93-0.99). Continuous variables are presented by median and 

interquartile range (IQR). In order to avoid data dependency, for patients who had multiple PICU 

admissions, only the data of their first admission were included. Survival curves of time to the first 

relapse and time from diagnosis to death, according to MBL2 genotype (A/A versus AO versus O/

O) and MBL plasma levels <0.20 �g/ml, were tabulated with the Kaplan-Meier method. The 

corresponding mean and 95% confidence interval (CI) survival times were calculated. Patients 

were also stratified by tumor type (leukemia, lymphoma and solid tumors). The influence of MBL 

and relapse on time from diagnosis to death was assessed by a Cox regression model. Stage of 

disease was not recorded and could therefore not be added in the model. P-values <0.05 were 
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considered statistically significant. We used SPSS data entry 4.0 for data management and SPSS 

15.0 for data analysis. 

 

Results 

Total cohort

Patient characteristics 

In total, 222 children (134 males) were included. Patient characteristics are described in 

Table I. The patients’ median age at diagnosis was 5.6 years (IQR: 2.8-11.0 years). The median 

time of follow-up was 35.9 months (IQR: 24.3-48.7 months, range: 12.8-130.9 months). Sixty-

nine children (31%) had leukemia, 32 (14%) children had lymphomas, and 121 (55%) children had 

solid tumors, of which 13 were intracranial.  

Sixty-one children (28%) had one or more relapses. The median time until the first relapse 

was 14.1 months (IQR: 8.6-23.2 months). At the end of the study period, 31 (14%) children had 

ongoing therapy, 138 (62%) had finished their therapy and had a complete or partial remission, 48 

children (22%) died, three (1%) received palliative treatment and two (1%) were lost to follow-up. 

The different tumors, with frequencies of relapse and death, are specified in Table II. 

MBL genotype and phenotype 

The frequency of MBL2 genotypes (A/A, A/O, and O/O) were similar in patients as 

compared to controls (p=1.00, Table III). In patients, genotype frequencies were as follows: A/A 

138 (62%), A/O 70 (32%), and O/O 14 (6%). The A/O group consisted of 46 A/B (21%), 5 A/C 

(2%), and 19 A/D (9%) genotypes. Frequencies of the six extended genotypes did not differ from 

controls (p=0.84) and were as follows: 72 (32%) children had the YA/YA haplotype, 56 (25%) 

had the YA/XA haplotype, 9 (4%) had the XA/XA haplotype, 43 (19%) had the YA/O haplotype, 

27 (12%) had the XA/O haplotype and 14 (6%) had the O/O haplotype (Table III). The promoter 

polymorphism of one child was not determined, but he had an A/A genotype and a corresponding 

MBL level of 1.21 �g/ml. 

MBL plasma levels were clearly associated with extended haplotypes (p<0.001). Patients 

with the YA/YA haplotypes had the highest MBL plasma levels, whereas patients with the XA/O 

and O/O haplotypes had very low MBL levels (Table III). Thirty-eight children (17%) had very 

low MBL levels <0.20 �g/ml. 

In the YA/YA, YA/XA, and XA/XA groups, median MBL plasma levels were increased in 

patients as compared to controls (p<0.01, Figure 1). Also, patients with the XA/XA haplotype had 

high MBL levels (median: 1.94 �g/ml, IQR: 1.61-3.24 �g/ml), while XA/XA controls had low 

MBL levels (median: 0.71 �g/ml, IQR: 0.46-1.18 �g/ml, p<0.01). The median MBL levels in the 
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A/A, A/O, and O/O group were 3.32 �g/ml (IQR: 2.07-5.48 �g/ml), 0.46 �g/ml (IQR: 0.10-0.87 

�g/ml), and 0.06 �g/ml (IQR: 0.05-0.09 �g/ml), respectively (Table III).  

All PICU admissions 

Sixty out of the total of 222 children (27%) accounted for 80 PICU admissions for reasons 

other that surveillance. PICU admission (yes vs no) was not associated with MBL2 genotype 

(p=0.95) or with MBL plasma levels <0.20 �g/ml (p=0.23). In total, 162 children (73%) were not 

admitted, 45 children were admitted once and 15 children were admitted 2-5 times (p=0.55, Table 

Variable Total (n=222) A/A (n=138) A/O (n=70) O/O (n=14) p-valuea 

  n (%) n (%) n (%) n (%)   
General characteristics     
Age at diagnosis (years)b   5.6 (2.8-11.0) 7.1 (3.4-11.3) 4.5 (2.1-9.8) 4.8 (2.8-9.7) 0.06 
Male sex 134 (60)   83 (60) 44 (63)   7 (50) 0.67 
Tumour type:     0.66 
     Leukemia   69 (31)   40 (29) 23 (33)   6 (43)  
     Lymphoma   32 (14)   23 (17)   8 (11)   1 (7)  
     Solid 121 (55)   75 (54) 39 (56)   7 (50)  
Relapse   61 (28)   37 (27) 19 (27)   5 (36) 0.77 
Death   49 (22)   28 (20) 15 (21)   6 (43) 0.15 
Time (months)b from diagnosis 
until: 

     

     First relapse  14.1 (8.6-23.2) 15.3 (8.2-23.1) 14.1 (8.7-30.3)   9.5 (5.6-26.3) 0.61 
     Death  18.0 (9.0-29.1) 18.3 (9.0-23.1) 26.8 (9.3-47.1) 12.5 (2.8-28.6) 0.37 
     Follow up 35.9 (24.3-

48.7) 
36.2 (25.8-
47.1) 

36.3 (24.1-
52.2) 

31.8 (15.4-
42.3) 

0.17 

Status at follow up:      
     Ongoing therapy   31 (14)   17 (12) 13 (19)   1 (7) 0.44 
     Follow-up       138 (62)   90 (66) 41 (59)   7 (50)  
     Palliative treatment     3 (1)   27 (20) 15 (22)   6 (43)  
     Died   48 (22)     3 (2)   0   0  
     Lost to follow up     2 (1)     1 (1)   1 (1)   0  
Stem cell transplantation   31 (14)   19 (13) 11 (16)   1 (7) 0.70    
Allogenic bone marrow 
transplantation 

  17 (8)   13 (10)   3 (4)   1 (7) 0.42 

PICU admissions      
Amount PICU admissions      
    0 162 (73) 100 (73) 52 (74) 10 (71) 0.55  
    1   45 (20)   31 (22) 12 (17)   2 (14)  
    2-5   15 (7)     7 (5)   6 (9)   2 (14)  
Duration all PICU admissions 
(days) 

    5 (3-13)     4 (3-12)   7 (4-13) 19 (10-21) 0.27 

Duration PICU with febrile 
neutropenia  

    7 (4-14)     5 (3-13)   6 (4-13) 18 (16-21) 0.11 

Death during PICU admission   10 (13)     6 (13)   3 (12)   1 (17) 0.94 

Table I: Patient characteristics by MBL2 genotype 

a Kruskal-Wallis test between groups; bmedian time (interquartile range) in the patients with the event 
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I). The median plasma MBL level was 1.66 �g/ml (IQR: 0.51-4.06 �g/ml) in the admitted children 

and 2.25 �g/ml (IQR: 0.49-4.37 �g/ml) in the not-admitted children (p=0.78). The median total 

duration of all PICU admissions per patient was 19 days (IQR: 10-21 days) in O/O patients, 7 days 

(IQR: 4-13 days) in A/O patients and 4 days (3-12 days) in A/A patients (p=0.27). Death during 

PICU admission was not associated with MBL2 genotype (p=0.94, Table I). Low MBL levels were 

not associated with the cumulative duration of all PICU admissions per patient (p=0.46, data not 

shown). 

Febrile neutropenia during all PICU admissions

Twenty-nine children were admitted to the PICU at least once during a febrile neutropenic 

episode. Five others developed febrile neutropenia during a PICU admission. The median plasma 

  
Children (n=222) Relapse (n=61) Mortality (n=48) 

N (% of total) N (% within group) N (% within group) 
Leukemia 69 (31) 20 (29) 17 (25) 

 Acute lymphoblastic leukemia (ALL) 58 16 13 
 Acute myelocytic lymphoma (AML) 10 4 4 
 Chronic lymphatic leukemia 1 0 0 

Lymphomas 32 (14)   7 (22)   6 (19) 
 Hodgkin lymphoma 7 1 0 
 Non-Hodgkin lymphoma 1 0 0 
 Burkitt lymphoma 9 3 3 
 T cell lymphoblastic lymphoma 8 1 3 
 Anaplastic large cell lymphoma 5 2 0 

 
Precursor pre-B lymphoblastic 
lymphoma 2 0 0 

Solid tumours, intracranial 121 (55)  34 (28) 25 (21) 
 Ewing sarcoma 17 4 1 
 Osteosarcoma 9 1 1 
 Rhabdomyosarcoma 14 6 0 
 Neuroblastoma 27 7 11 
 Wilms tumour 16 4 1 
 Hepatoblastoma 7 1 3 
 Sarcoma 4 1 2 

   Teratoma 4 0 0 
 Malign peripheral nerve sheet tumour 5 2 2 
 Medulloblastoma 6 4 3 
 Astrocytoma 2 0 1 
 Ependymoma 2 2 0 

 
Primitive neuroectodermal tumour 
(PNET) 1 0 0 

 Malign peripheral nerve sheet tumour 1 1 1 
 Germinoma 1 0 0 

  Other 5 1 0 

Table II: Tumor type, relapse and mortality 
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MBL level of these 34 children was 

1.41 �g/ml (IQR: 0.49-2.77 �g/ml), 

whereas the median MBL level was 

2.19 �g/ml (IQR: 0.97-4.42 �g/ml) 

in the 26 children admitted without 

febrile neutropenia (p=0.14). Of the 

34 children, 19 (56%) had the A/A 

genotype, 12 (35%) the A/O 

genotype and 3 (9%) the O/O 

genotype (p=0.66 compared to the 

remaining 188 children). The 

median total duration of all PICU 

admissions with febrile neutropenia 

was longer in 3 O/O patients 

(median: 18 days, IQR: 16-21 days), 

as compared to 12 A/O (median: 6 

days, IQR: 4-13 days), and 19 A/A 

(median: 5 days, IQR: 3

-13 days) patients 

(Kruskal-Wallis: 

p=0.11). This difference 

was statistically 

significant when O/O 

patients were compared 

to A/A and A/O patients 

together (median: 6 

days, IQR: 4-13 days, 

Mann-Whitney U: 

p=0.03). MBL plasma 

levels <0.20 �g/ml were 

neither associated with 

risk of PICU admission 

associated with febrile 

neutropenia (p=0.81), 

nor total duration of all 

PICU admissions with 

febrile neutropenia 

(p=0.41).  

MBL2 genotype Controls Patients MBL plasma level Patients with  
      (�g/ml) patients  PICU 

admission 

 n (%) n (%) median (IQR) n (%) 
     
Sum A/A 120 (62) 138 (62) 3.32 (2.07-5.48) 38 (63) 

A/B   40 (21)   46 (21) 0.26 (0.08-0.63) 14 (23) 

A/C     5 (3)     5 (2) 0.16 (0.08-0.86)   0 

A/D   20 (10)   19 (9) 0.97 (0.49-2.38)   4 (7) 

Sum A/O   65 (33)   70 (32) 0.46 (0.10-0.87) 18 (30) 

B/B     4 (2)     4 (2) 0.05 (0.05-0.13)   2 (3) 

B/C     1 (0)     2 (1) 0.05 (0.05-0.14)   0 

B/D     2 (1)     5 (2) 0.04 (0.03-0.06)   0 

C/D     0 (0)     1 (0) 0.05   1 (2) 

D/D     2 (1)     2 (1) 0.05 (0.05-0.07)   1 (2) 

Sum O/O     9 (4)   14 (6) 0.06 (0.05-0.09)   4 (7) 

Total 194 (100) 222 (100) 2.09 (0.51-4.34) 60 (100) 

     

MBL2 haplotypes    

YA/YA    60 (31)    72 (32) 4.47 (2.91-7.15) 18 (30) 

YA/XA   50 (26)   56 (25) 2.97 (1.77-4.37) 15 (25) 

XA/XA   10 (5)      9 (4) 1.94 (1.61-3.24)   4 (7) 

YA/O   42 (22)    43 (19) 0.69 (0.49-1.20) 12 (20) 

XA/O   23 (12)   27 (12) 0.11 (0.08-0.17)   6 (10) 

O/O     9 (4)   14 (6) 0.06 (0.05-0.12)   4 (7) 

Table III: MBL2 genotype and extended haplotypes  

Figure 1: MBL plasma levels and extended haplotype groups in 
222 patients and 194 healthy blood donors. * P-value between 
patient and control <0.01. 
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  Total (n=60) A/A (n=37) A/O (n=19) O/O (n=4) Pa 

History N (%) N (%) N (%) N (%)  
Malignancy status:     0.04 

   Newly diagnosed 30 (50) 16 (43) 10 (53)     4 (100)  

   Partial/complete remission 22 (36) 18 (48)   4 (22) 0  

   Relapse   8 (13)   3 (8)   5 (26) 0  

Neutropenia status:              0.28 

   No neutropenia 27 (45) 19 (15)   6 (32)     2 (50)  

   Neutropenia before PICU adm. 26 (43) 13 (35) 12 (63)     1 (25)  

   Neutropenia during PICU adm.   7 (12)   5 (14)   1 (5)     1 (25)  

Severe neutropenia 18 (30) 11 (30)   6 (32)     1 (25) 0.96 

Duration neutropenia (days)b 15 (7-28) 13 (6-23) 11 (9-17)   40 (35-44) 0.10 

      

Reason for PICU admission       0.52 

Respiratory failure 23 (38) 11 (29)   9 (47)     3 (75)  

Circulatory failure   6 (10)   4 (11)   2 (11) 0  

Neurologic deterioration 10 (17)   8 (22)   1 (5)     1 (25)  

Septic shock/sepsis    13 (22)   7 (19)   6 (32) 0  

Other   8 (13)   7 (19)   1 (5) 0  

      

Infection      

Neutropenic fever 29 (48) 16 (43) 11 (58)     2 (50) 0.58 

Pneumonia 14 (23)   7 (19)   5 (26)     2 (50) 0.35 

Bacteremia 15 (35)   8 (32)   7 (47) 0 0.27 

Sepsis: 22 (37) 13 (35)   8 (42)     1 (25) 0.73 

     Culture-proven 12 (20)   7 (19)   5 (26) 0 0.81 

     Clinical  10 (17)   6 (16)   3 (16)     1 (25)  

Septic shock 16 (27) 10 (27)   5 (26)     1 (25) 1.00 

Invasive fungal infection   5 (8)   3 (8)   1 (5)     1 (25) 0.43 

CRP on admission 42 (11-165) 42 (11-165) 82 (38-184)   25 (8-108) 0.44 

      

Severity      

Fresh frozen plasma 16 (27)   8 (22)   7 (37)     1 (25) 0.47 

DIC   6 (10)   2 (5)   3 (16)     1 (25) 0.28 

Fluid resuscitation 27 (45) 18 (49)   7 (37)     5 (15) 0.69 

Inotropic support 24 (40) 21 (57) 12 (63)     3 (75) 0.74 

Mechanical Ventilation (MV) 38 (63) 21 (57) 14 (74)     3 (75) 0.41 

Duration MV (days)b   5 (3-11)   5 (3-11)   6 (2-10)     7 (6-13) 0.74 

Multiple organ failure   7 (12)   3 (8)   3 (16)     1 (25) 0.48 

Death following PICU admission   8 (13)   5 (14)   2 (11)     1 (25) 0.74 

Duration PICU adm. (days)b   4 (3-10)   4 (2-9)   6 (3-11)     7 (4-16) 0.54 

Table IV. Parameters of 60 pediatric intensive care unit (PICU) admissions by MBL2 genotype  

a P-values of Kruskal-Wallis or Chi-square test between groups; b Median (interquartile range). Adm, 
admission; DIC, disseminated intravascular coagulation. 



MBL as prognostic factor in pediatric oncology patients 

 119 

Severity of first PICU admissions (n=60) 

As mentioned earlier, of the total cohort of 222 patients in total 60 patients (27%) were 

admitted to the PICU for reasons other than surveillance or uncomplicated surgery (Table I). Table 

IV shows variables concerning history, infectious morbidity and severity of their first PICU 

admission. Patients with the A/O and O/O genotypes were admitted more frequently just after the 

diagnosis of malignancy or relapse, whereas patients with wild-type alleles were more often 

admitted during the course of their treatment (p=0.04). Also, there was a trend for a longer 

duration of neutropenia in O/O patients (p=0.10). 

MBL2 genotype was not associated with febrile neutropenia (p=0.58), pneumonia (p=0.35), 

sepsis (p=0.73), septic shock (p=1.00) or other infectious events (Table IV). Of the 29 children 

with febrile neutropenia, 17 (59%) had severe neutropenia. MBL2 genotype was not associated 

with inotropic support (p=0.74), fluid resuscitation (p=0.69), mechanical ventilation (p=0.41), DIC 

(p=0.28), MOF (p=0.48) or death (p=0.74). When deficiency was defined according to MBL 

plasma levels <0.20 �g/ml, only malignancy status was associated with MBL2 genotype (p=0.02).  

Figure 2. Kaplan-Meier curve of time to first relapse by (A) MBL2 genotype and (B) MBL plasma level 
above or below 0.20 �g/ml. Kaplan-Meier curve of time from diagnosis to death by (C) MBL2 genotype 
and (D) MBL plasma level above or below 0.20 �g/ml.  
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MBL and survival time to relapse and death 

Time to first relapse was not associated with MBL2 genotype, but O/O patients appeared to 

relapse earlier (p=0.52, Figure 2A). Similarly, patients with MBL plasma levels <0.20 �g/ml 

relapsed significantly earlier (mean time: 42.0 months, 95% CI: 32.9-51.1 months) than the 

remaining patients (mean time: 58.5, 95% CI: 52.6-64.5 months, p=0.04, Figure 2B). After 

stratification for tumor type, MBL plasma levels <0.20 �g/ml were associated with earlier relapse 

in the lymphoma group (p=0.004), but not in the solid tumor group (p=0.15) or the leukemia group 

(p=0.88), even when only our largest subgroup of 58 acute lymphoblastic leukemia (ALL) patients 

was considered (p=0.43). Sex and age of diagnosis were not univariately associated with time to 

relapse. Therefore, multivariate Cox regression analysis was not feasible. 

Time from diagnosis to death was associated with MBL2 genotype (log rank test, p=0.03, 

Figure 2C), but not with MBL plasma levels <0.20 �g/ml (p=0.64, Figure 2D). The mean time to 

death was 84.8 months (95% CI: 59.3-110.3 months) in A/A patients, 56.8 months (95% CI: 49.8-

63.8 months) in A/O patients and 32.4 months (95% CI: 21.7-43.0 months) in O/O patients. When 

the occurrence of relapse was added in a Cox-regression model, the influence of MBL2 genotype 

disappeared and only relapse was associated with survival time to death (HR: 3.92, 95% CI: 2.16-

7.11, p<0.001).  

 

Discussion 

In this cohort of 222 pediatric oncology patients, MBL2 genotype was not associated with 

risk for, nor with severity of PICU admission. In contrast to our previous observation (13), 

children with wild-type MBL2 alleles and corresponding high MBL plasma levels, were not 

admitted more frequently to the PICU, whether they had febrile neutropenia, septic shock or 

neither. Since children with wild-type MBL2 alleles also do not have a more severe outcome 

during PICU admission, high MBL levels do not represent a risk factor under these circumstances. 

This is a very important observation, since plasma-derived and recombinant MBL are currently 

being investigated for clinical use in febrile neutropenic oncology patients (NCT00138736 and 

NCT00520325, www.clinicaltrials.gov) (19).  

 Our observations suggest that during their cancer treatment, O/O patients experience more 

PICU days than A/O or A/A children, especially PICU admissions associated with febrile 

neutropenia. This association may well be explained by increased infection frequency or severity 

of inflammation in the MBL-deficient children. In the past, MBL and MASP deficiency have been 

found to be associated with both an increased frequency and a longer duration of the febrile 

neutropenia in children (10, 12, 20, 21). Furthermore, MBL knockout mice that received cytostatic 

drugs were more susceptible to intraperitoneal Staphylococcus aureus infection than wild-type 

mice (22). 
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 In contrast to our observations, Fidler et al. reported an increased frequency of variant MBL2 

alleles in 50 children with systemic inflammatory response syndrome, sepsis and septic shock 

admitted to the PICU for various, not only cancer-related, reasons (23). The authors hypothesized 

that MBL plasma levels may influence cytokine production and consequently the host’s 

inflammatory response. There are several explanations for the lack of association between MBL 

deficiency and infectious complications during PICU admission, including sepsis and septic shock, 

in our group of 60 patients. First, 55% of our children were neutropenic, of which a third of the 

patients experienced severe neutropenia. In these children, phagocytosis as well as the 

hyperinflammatory reaction is impaired due to a lack of neutrophils, irrespective of MBL 

genotype. Previously, the lack of phagocytes was suggested to explain the absence of an increased 

severity in infectious disease in other pediatric and adult febrile neutropenic patients (14, 24). 

Second, the possible restoration of a wide range of plasma proteins including MBL and 

complement factors by the administration of fresh frozen plasma in a third of the children with 

variant MBL2 alleles may also explain the lack of a strong association with infection.  

 We are the first to find an association between MBL deficiency and cancer relapse in 

children. Previously, an increased incidence of ALL, particular with early age of onset, was 

reported in MBL-deficient children (25). Since MBL deficiency is generally suggested to be 

associated with more frequent infections, Schmiegelow et al. hypothesized that the consequent 

proliferative stress on the developing immune system would lead to critical leukemogenic DNA 

damages (25). Also, the association may be apoptosis-related. MBL can bind late necrotic and 

apoptotic cells, and has been shown to be a ligand for CD91 on phagocytes (26, 27). In mice, MBL 

deficiency proved to be associated with defective clearance of apoptotic cell material and a 

changed cancer-prone milieu (28). MBL-deficient children with cancer have thus ineffective 

clearance of apoptotic cells, which might be associated with early relapse. On the other hand, the 

primary incidence of cancer was unaffected by MBL2 genotype in our cohort. Another hypothesis 

is that prolonged activation of signaling pathways and inflammation may play a role in cancer 

development by promoting a favorable environment or by enhancing neovascularization (29). 

However, any definite or causative molecular mechanism remains unclear. Because the association 

was most pronounced in the lymphoma group, while absent in the leukemia or more homogeneous 

ALL subgroup, tumor type and stage of malignancy could account for this difference. Our cohort 

was too small to investigate this kind of association.   

 The increased MBL plasma levels in wild-type MBL2 patients, as compared to controls, may 

be explained by an ongoing acute-phase response. MBL levels can increase during an acute-phase 

response (30). Previously, we showed that MBL plasma levels increased during febrile 

neutropenia in wild-type MBL2 individuals (13). Because blood was sampled around or shortly 

after diagnosis in most patients, increased MBL synthesis by the liver may be present. CRP values 

at the time of MBL measurements, however, were unavailable. Increased MBL plasma levels, as 

compared to controls, have also been found in cystic fibrosis patients (31). As a result of the 
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