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Cytokine Profile Elevations on Admission Can Determine Risks of Severe
Acute Pancreatitis in Children
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Objectives To utilize a Luminex platform to examine multiple cytokines simultaneously as well as clinical labora-
tory testing to identify markers that predict acute pancreatitis severity in the pediatric population on admission.
Study design Patients (<19 years of age) prospectively enrolled over a 4-year period in a single institution acute
pancreatitis database were included in separate derivation and validation cohorts. Plasma samples were obtained
within 48 hours of admission and stored for analysis. Samples from mild acute pancreatitis and severe acute
pancreatitis (moderately severe and severe combined) were analyzed using Luminex panels and C-reactive protein
(CRP) testing.
Results The derivation cohort examined 62 cytokines in 66 subject samples (20 control, 36mild acute pancreatitis,
10 severe acute pancreatitis) and identified interleukin 6 (IL-6) (P = .02) and monocyte chemotactic protein-1 (MCP-
1) (P = .02) as cytokines that were differentially expressed between mild and severe acute pancreatitis. Our valida-
tion cohort analyzed 76 cytokines between 10 controls, 19 mild acute pancreatitis, and 6 severe acute pancreatitis
subjects. IL-6 (P = .02) and MCP-1 (P = .007) were again found to differentiate mild acute pancreatitis from severe
acute pancreatitis. CRP values were obtained from 53 of the subjects, revealing a strong association between
elevated CRP values and progression to severe disease (P < .0001).
Conclusions This study identified and validated IL-6 and MCP-1 as predictors of severe acute pancreatitis using
2 distinct cohorts and showed that CRP elevation is a marker of progression to severe acute pancreatitis. These
biomarkers have not been extensively studied in the pediatric acute pancreatitis population. Our data allows for
risk-stratification of patients with acute pancreatitis, and represent novel insight into the immunologic response
in severe acute pancreatitis. (J Pediatr 2021;238:33-41).
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cute pancreatitis represents a significant disease burden in the pediatric
population, with an estimated incidence that has been increasing over
the past 2 decades now stabilized to greater than 1 in 10 000.1,2 Although

there have been emerging research efforts dedicated to pediatric acute pancrea-
titis, there remain limited data regarding optimal or risk-stratified management,
and many of the existing guidelines are extrapolated from adult literature and do
not apply to children given the different etiologies and disease presentation.3 The
North American Society for Pediatric Gastroenterology, Hepatology, and Nutri-
tion (NASPGHAN) published the first pediatric acute pancreatitis guidelines in
2018.4 This guideline noted potential predictive models of severity of pediatric
acute pancreatitis had been previously published, with varying specificity and
sensitivity upon validation, and recommended further investigation to identify
predictive markers of severity on admission.4 Unfortunately, previous efforts
received support during fellowship. M.A-E-H. is sup-
ported by National Institute of Diabetes and Digestive
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to establish predictive markers were limited by the fact that a
common definition of severity in pediatric acute pancreatitis
was lacking, so standardization across sites and published
models were challenging. In 2017, the NASPGHAN Pancreas
Committee published severity classification guidelines for
pediatric acute pancreatitis, providing a consensus definition
of mild, moderately severe, and severe acute pancreatitis in
pediatrics for the first time.5 Mild acute pancreatitis is
defined as a largely self-limited phenomenon, whereas
moderately severe acute pancreatitis involves local pancreatic
complications or transient (<48 hours) organ dysfunction,
and severe acute pancreatitis involves persistent organ
dysfunction lasting longer than 48 hours.

The identification of patients at highest risk of progression
to severe disease can be crucial for a variety of reasons.
Because mild acute pancreatitis is most often a self-limited
condition, these patients can be cared for by the hospital pe-
diatrics team at most medical centers, or allowed to stay at
community locations without the need to transfer to tertiary
care centers. If a simple scoring system that accurately iden-
tifies patients at lowest (or highest) risk of progression to se-
vere disease exists, resources can be allocated appropriately.
Predictive models can help risk stratify patients for directed
clinical management or for the design of clinical trials inves-
tigating therapies to prevent progression to severe disease.
The majority of patients presenting with acute pancreatitis
do not have the severity findings on admission, so identifying
who will progress to severe becomes very important. The
identification of patients at highest risk of progression to se-
vere disease is not as useful without identifying additional
therapies that could be applied to severe disease. To develop
novel therapies, we will need to elucidate more of the under-
lying immunologic and pathophysiologic responses in these
patients.

Adding novel biomarkers can help optimize our previously
generated clinical model to predict severity. From clinically
obtained data, our previous efforts have identified and vali-
dated blood urea nitrogen (BUN) as an early predictive
marker for the development of severe disease, but more effort
will be required to develop this into an easily distributed
model and/or clinical tool that could be deployed in a
community-based emergency department or pediatric
ward.6,7 Under this premise, the goal of our study was to
examine the role of new cytokines not previously investigated
in acute pancreatitis and the role of C-reactive protein (CRP)
to evaluate combinations of cytokine and chemokine signals
early in the hospital course in patients who will ultimately
develop severe acute pancreatitis.
Methods

Patient Enrollment
Patients were identified prospectively as having their first
episode of pediatric acute pancreatitis at Cincinnati Chil-
dren’s Hospital Medical Center and enrolled in an institu-
tional prospective registry (Cincinnati Children’s Hospital
34
Medical Center Institutional Review Board 2012-4050),
which prospectively monitors patients’ progression. Patients
under 19 years of age with acute pancreatitis were eligible.
The diagnosis of acute pancreatitis was based on the INterna-
tional Study Group of Pediatric Pancreatitis: In search for a
cuRE (INSPPIRE) project criteria as noted in the NASP-
GHAN guidelines; all patients had at least 2 of the following
3 findings: (1) characteristic abdominal pain of pancreatic
origin, (2) amylase and/or lipase at least three times upper
limit of normal, and (3) imaging (computed tomography, ul-
trasound, magnetic resonance cholangiopancreatography)
findings consistent with pancreatic inflammation.5,8 The
initial blood samples were obtained within 48 hours of
admission, with most obtained within 24 hours (>75%).
Plasma was extracted, aliquoted, and stored at �20�C for
future use. The derivation cohort consisted of patients who
presented with acute pancreatitis between January 2016 and
June 2018. The validation cohort consisted of patients who
presented with acute pancreatitis between August 2018 and
September 2019. Controls were recruited from patients hav-
ing same day surgery without a history of pancreatic disease
or other gastroenterological inflammatory conditions who
were presenting for other procedures. The majority of these
patients were having sedated dental or otolaryngological pro-
cedures.

Luminex Assay
Luminex assays were performed by the Human Immune
Monitoring Center at Stanford University (http://iti.
stanford.edu.stanford.idm.oclc.org/himc/protocols.html).
For the exploratory study, Human 62-plex Procarta kits were
purchased from eBiosciences/Affymetrix/Thermo Fisher and
used according to the manufacturer’s recommendations with
modifications as described. In brief, beads were added to a 96
well plate and washed in a Biotek EL � 405 washer. Samples
were then added to the plate containing the mixed antibody-
linked beads and incubated at room temperature for 1 hour
followed by overnight incubation at 4�C with shaking. All in-
cubation steps were performed on an orbital shaker at 500-
600 rpm. Plates were then washed in a Biotek EL � 405
washer and biotinylated detection antibody was added for
75 minutes at room temperature with shaking. The plate
was washed as above and streptavidin-PE added. After incu-
bation for 30 minutes at room temperature wash was per-
formed as above and reading buffer was added to the wells.
Each sample was measured in duplicate. Plates were read us-
ing a Luminex 200 or a FM3D FlexMap instrument with a
lower bound of 50 beads per sample per cytokine. Custom
Assay Chex control beads were purchased from Radix Bio-
solutions and added to all wells.
Validation cohort kits were purchased from EMD Milli-

pore Corporation and used according to the manufacturer’s
recommendations with modifications described as follows:
H76 kits include 3 panels which are combined to make a
76 plex. Panel 1 is Milliplex HCYTMAG60PMX41BK with
IL-18 and IL-22 added to generate a 43 plex. Panel 2 is Milli-
plex HCP2MAG62KPX23BK with MIG/CXCL9 added to
Farrell et al
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generate a 24 plex. Panel 3 includes the Milliplex HSP1MAG-
63K with resistin, leptin, and hepatocyte growth factor add to
generate a 9 plex. The setup of assay was performed as recom-
mended. In brief, samples were mixed with antibody-linked
magnetic beads on a 96-well plate and incubated overnight
at 4�C with shaking. Incubation steps were performed on
an orbital shaker at 500-600 rpm. Plates were washed twice
with wash buffer in a Biotek EL � 405 washer. Following a
1-hour incubation at RT with biotinylated detection anti-
body, streptavidin-PE was added for 30 minutes with
shaking. Plates were washed as above and PBS added to wells
for reading in the Luminex FlexMap3D Instrument with a
lower bound of 50 beads per sample per cytokine. Each sam-
ple was measured in duplicate. Custom Assay Chex control
beads were purchased from Radix Biosolutions and added
to all wells. For both the 62- and 76-plex assays, median fluo-
rescence intensity (MFI), an estimate of analyte concentra-
tion, was used to compare expression in each sample. The
cytokines/chemokines/adhesion molecules measured by
each Luminex assay can be found in Table I (available at
www.jpeds.com).

CRP Assay
CRP assay was performed on the Siemens Atellica Analyzer.
This utilized the CH C-Reactive Protein_2 (CRP_2) latex re-
agent, which is a suspension of uniform polystyrene latex
particles with anti-CRP antibody. When the sample contain-
ing the CRP is agglutinated with the reagent, there is an in-
crease in the turbidity, which is then measured at 571 nm.
Ultimately, the CRP concentration is then determined from
a generated calibration curve.

Statistical Analyses
The primary analysis of this study was to identify candidate
biomarkers that were differentially expressed between
healthy controls, mild acute pancreatitis, and the nonmild
cases, which included all forms of severe acute pancreatitis
(including both moderately severe and severe disease). Initial
assessment of differentially expressed biomarkers between
healthy controls and all combined patients with acute
pancreatitis was performed by Morpheus Heatmap analysis
of the Broad Institute. We first looked for significant differ-
ences between the samples based on t tests with false discov-
ery rate correction, between the controls and the acute
pancreatitis group, and then between the mild and combined
severity (moderately severe and severe) samples. In the sec-
ondary analysis, we separated all aspects of severity to look
for a trend. Ultimately, because of the small sample size of
the validation cohort, the t test was replaced with Wilcoxon
analysis. For continuous data, group comparisons were
done usingWilcoxon-Mann-Whitney or Kruskal-Wallis tests
as appropriate. For categorical data, c2 or Fisher exact tests
were used for analysis between groups. MFI was used for all
calculations, and because the MFI across plates could not be
reliably combined, the derivation and validation cohorts
were kept separate across all cytokine analysis. Receiver oper-
ating characteristic (ROC) curves were derived for each stud-
Cytokine Profile Elevations on Admission Can Determine Risks o
ied variable, and the Akaike information criterion (AIC) was
calculated for the models and evaluated to compare perfor-
mance, with a lower score suggesting a better model. For
the ROC analysis, the derivation and validation cohorts
were combined when examining CRP and BUN but kept
separate for the cytokine comparisons as stated above. The
lower limit of detection for the CRP assay is 0.4 mg/dL,
and many of our patients, including all but one of the control
samples, had undetectable values of <0.4 mg/dL. To charac-
terize these values for graphic purposes, we used a correction
factor for undetectable samples as previously described in the
literature.9 By definition, CRP values less than 0.8 mg/dL in
this assay is suggestive of the absence of inflammation. For
the purposes of the ROC curves, we separated the CRP into
3 groups: <0.4 mg/dL, 0.4-2.5 mg/dL, and >2.5 mg/dL. In
the secondary analysis, data were analyzed using SAS v 9.4
(SAS Institute). A P value of <.05 was considered statistically
significant.

Results

A total of 50 samples were identified for analysis from our
institution. It was found that 3 of the samples were from
repeat attacks among patients during the study time period,
and 1 sample was not included due to poor performance on
the cytoplex assay based on comparison with internal con-
trols. We limited patients to their known first attack (index
acute pancreatitis) within our hospital system. Ultimately
46 unique patient samples were included in the derivation
cohort for the analysis, alongside 20 distinct controls. The
validation cohort consisted of 25 unique patient samples
and 10 distinct controls. For internal validation, we included
10 controls from the derivation cohort during the validation
run. Severity was determined using the NASPGHAN criteria
at time of discharge.5 There was no significant difference be-
tween the derivation and validation cohorts on presentation
based on age, sex, body mass index, etiology, index case, or
presence of any severity on admission (Table II). There
were no significant differences between the derivation and
validation cohorts based on clinically obtained biochemical
characteristics when examining initial lipase, amylase,
albumin, white blood count, creatinine, nuhematocrit,
hemoglobin, or BUN values (Table III; available at www.
jpeds.com).

Investigating Roles of Novel Biomarkers
The first step of analysis was to compare all patients with
acute pancreatitis to control subjects, and to look for any sig-
nificant differences between the 2 groups based on the heat
map as determined by t tests. Subsequently, the difference
between mild disease and nonmild (combined moderately
severe and severe, labeled collectively as severe acute pancre-
atitis) disease was examined (Figure 1, A and B). The initial
heatmap analysis identified 48 statistically significant
markers between control and acute pancreatitis
(Figure 1, A). Levels of interleukin-6 (IL-6) and monocyte
chemoattractant protein-1 (MCP-1/CCL2) were statistically
f Severe Acute Pancreatitis in Children 35



Table II. Baseline characteristics of subjects

Charactersitics
Derivation acute pancreatitis

cohort (n = 46)
Derivation controls

(n = 20)
Validation acute pancreatitis

cohort (n = 25)
Validation controls

(n = 10) P value

Age (y) 13.7 (9.1-16.2) 12.8 (5.9-16.4) 14.2 (11.1-17.3) 10.4 (6.3-15.9) .45
Sex (male) 24 (52%) 11 (55%) 13 (52%) 6 (60%) .98
Body mass index percentile 73.2 (38.5-97.0) n = 39 48.6 (40.3-77.3) n = 18 66.9 (31.8-96.6) 64.3 (41.4-66.5) n = 8 .60
Etiology NA NA
Divisum/obstructive 1 (2%) 2 (8%) .28
Biliary/gallstone 6 (13%) 7 (28%) .20
Trauma 2 (4%) 0 (0%) .54
Genetic* 8 (17%) 1 (4%) NA
Infectious/systemic

disease/metabolic
12 (26%) 2 (8%) .12

Idiopathic/other 10 (22%) 8 (32%) .34
Drug 6 (13%) 5 (20%) .50
Post ERCP 1 (2%) 0 (0%) 1.00

Index case 37 (80%) 21 (84%) 1.00
Severe acute pancreatitis† 10 (22%) 6 (24%) .83

ERCP, endoscopic retrograde cholangiopancreatography; NA, not applicable.
Median (25th-75th percentile) or n (%).
*Not all patients received genetic testing.
†Severe acute pancreatitis = combined moderately severe and severe acute pancreatitis.
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different between the mild acute pancreatitis and severe acute
pancreatitis groups in the derivation cohort based on t tests
(P = .02 for both) (Figure 1, B). This comparison of mild
and severe acute pancreatitis groups was then repeated in
the validation cohort, which again showed significantly
different values for each marker (IL-6; P = .02) utilizing the
nonparametric Wilcoxon analysis and (MCP-1; P = .007)
(Figure 2). With the targets identified, the severe acute
pancreatitis group was separated into its components
(moderately severe and severe groups), and there remained
a significant, progressive difference amongst the groups
(P £ .01 across all groups) (Figure 1, C-F).

Additional 53 remaining aliquots from the same patients
were run in our clinical laboratory to detect CRP levels sepa-
rately as it was not included in the cytoplex assay. Table IV
(available at www.jpeds.com) demonstrates the results of
the CRP study, as well as the results of the IL-6 and MCP-1
assays; increased IL-6 and MCP-1 has been associated with
increased neutrophils and monocytes and decreased
lymphocyte count. CRP, IL-6, and MCP-1 were
significantly different between the 3 groups (P £ .01 for all
comparisons) (Table IV). Within the validation cohort, the
absolute neutrophil count (P = .03), the absolute
lymphocyte count (P = .03), and the absolute monocyte
count (P = .04) were also significantly different.

Figure 3, A shows the boxplot distribution of the CRP
values, and shows a clear trend toward increased CRP levels
in severe disease. We stratified CRP into 3 distinct groups,
<0.4 mg/dL, 0.4-2.5 mg/dL, and >2.5 mg/dL and used this
to generate a ROC curve, which nearly reached statistical
significance (area under the ROC [AUROC] 0.72 [95%CI,
0.57-0.88], P = .057) (Table IV and Figure 3, B).

Combining and Comparing Markers in Models
We examined BUN levels on admission for the combined
cohort (derivation and validation) and found they were
36
significantly lower in patients who developed mild disease
compared with those who progressed to severe disease, and
performed well on the ROC curve (AUROC 0.72 [95% CI
0.57-0.87], P = .003) (Figure 3, C). When BUN and CRP
were combined into a ROC curve for the 51 patients who
had both BUN and CRP values, the model improved
(AUROC 0.79 [95% CI 0.64-0.94]), and had the lowest
AIC (49.98); although BUN remained significant in the
combined model (P = .02), CRP was not (P = .19)
(Figure 3, D).
We completed ROC curves for the derivation and valida-

tion cohorts based on IL-6 and MCP-1, and also combined
them with BUN to see how they performed (Figure 4 and
5 [available at www.jpeds.com]). Because of the nature of
the cytoplex assay results, we did not combine the
derivation and validation cohorts for the final analysis. In
the validation cohort, IL-6 by itself resulted in a significant
ROC curve (AUROC 0.83 [95%CI, 0.67-1.00], P = .03),
and when combined with BUN, and the AIC improved
(22.1), the model was very similar (AUROC 0.82 [95%CI,
0.56-1.00]) but neither IL-6 (P = .18) nor BUN remained
significant (P = .09) (Figure 4, A and B). MCP-1 by itself
was also a significant predictor of progression to severe
disease (AUROC 0.88 [95% CI, 0.73-1.00], P = .02)
(Figure 4, C). However, when combined with BUN, even
though the AIC improved (20.3), the AUC results were
similar (AUROC 0.88 [95% CI, 0.71-1.00]) but neither
MCP-1 (P = .10) nor BUN remained significant (P = .18)
(Figure 4, D).

Discussion

Our study showed that elevations in IL-6, MCP-1, and CRP
on admission are independently associated with progression
to severe disease course. IL-6 and MCP-1 have been studied
using 2 different multiplex different assays, as well as unique
Farrell et al



Figure 1. Heatmap of original derivation sample, comparisons calculated via t test. Boxplots of derivation and validation cohorts
of identified target cytokines. SAp, severe acute pancreatitis.
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Figure 2. CRP and BUN as a predictor of severity.
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derivation and validation cohorts of patients and controls.
Our study investigated pediatric acute pancreatitis utilizing
the standard definitions of severity as defined by NASP-
GHAN.

Our previous work identified that the commonly obtained
BUN as part of a standard initial clinical biochemical evalu-
ation on admission, as well as the response of the patient’s
BUN to fluid resuscitation can help predict disease severity
with high specificity and a high negative predictive value
38
which can help to determine those patients least likely to
progress to severe disease.6,7 We demonstrated that elevated
BUN increased in patients who progressed to developing se-
vere acute pancreatitis, and we attempted to determine the
utility of CRP, IL-6, and MCP-1 as useful predictive markers
alone and in addition to this predictive model, and compared
the performances within those models.
The field of pediatric pancreatology is in need of a tool for

identifying patients at highest risk of progressing to severe
Farrell et al



Figure 3. ROC curves for Validation cohort.
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disease at time of presentation to aid in delineating a treat-
ment strategy, offer risk stratified interventions for different
populations, or even targeted pathways to prevent severe dis-
ease. Facilitating transfer of appropriate high risk patients
from community sites to tertiary centers (and avoiding un-
necessary transfers) is a first step, but wemust develop targets
for meaningful therapy. Our study identified IL-6 and MCP-
1 as potential targets for such therapy.

This is a North American study in pediatric acute pancre-
atitis to identify IL-6 elevation in acute pancreatitis; it has
been studied in Asia in a study of systemic inflammatory
Cytokine Profile Elevations on Admission Can Determine Risks o
response syndrome in acute pancreatitis, where both CRP
and IL-6 were found to be elevated in the children who devel-
oped systemic inflammatory response syndrome and pro-
gressed to severe disease.10 There are numerous adult
studies that have reported the power of IL-6 in predicting
the development of severe disease, including a meta-
analysis that suggested IL-6 may be the most important early
marker to follow.11 In addition, there is adult literature
showing the benefit of placing patients at highest risk of pro-
gression to severe disease on Cox-2 inhibitors and moni-
toring, among other measures, the response of IL-6.
f Severe Acute Pancreatitis in Children 39
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Patients who received the investigational drug had signifi-
cantly lower levels of IL-6, and the therapy was associated
with an almost 50% reduction in the progression of patients
to severe disease.12 This suggests that although IL-6 is a gen-
eral marker of inflammation in many different disease states,
and while not pancreas-specific, suppressing IL-6 levels by
targeting either IL-6 itself or the upstream inflammasome
in acute pancreatitis may lead to improved outcomes.13

The mechanism of IL-6 activation is multifold and leads to
downstream upregulation of the neutrophil response. These
results could explain why different authors investigating se-
vere acute pancreatitis have found that an elevated white
blood cell (WBC) count is useful and others have not. In pa-
tients with an elevatedWBC count, if the response was driven
primarily by an increase in neutrophils, this could explain the
rise and may be due to the IL-6 response. Alternatively, if the
more pronounced feature was lymphopenia, the overall
WBCs may not have been elevated in severe cases, but there
still may have been an exaggerated neutrophil response.

This study investigated the role of MCP-1 in pediatric
acute pancreatitis. There are a few studies that have examined
MCP-1 in adult acute pancreatitis and in animal models, and
have postulated that this chemokine is associated with the
recruitment of leukocytes that can cause the acute local dam-
age in severe acute pancreatitis.13,14

Previous studies in CRP have shown mixed results in the
pediatric literature, with some authors suggesting that it
may be useful, whereas others have not appreciated the
same relationship.7,10,15,16 It should be noted that most of
these efforts did not utilize the most recent acute pancreatitis
severity guidelines, so it is difficult to compare those results
with our current study. The adult literature on CRP in acute
pancreatitis has also shown that there is a role for CRP in pre-
dicting progression to severe acute pancreatitis.17-19 In our
study, there was a trend toward increased severity as the
CRP increased. The CRP and IL-6 levels appear to be corre-
lated as well (data not shown), which suggests that CRP
values may be a valuable clinical marker in current use,
although IL-6 may be more relevant for elucidating pathways
for drug therapies in the future. Both markers have roles in
the inflammatory cascade that help us understand the path-
ophysiology of acute pancreatitis.

In an investigation into referral trends and etiologies of pe-
diatric acute pancreatitis, previous authors noted an increase
in referrals of all cases of pediatric acute pancreatitis to tertiary
care centers from community sites within their catchment re-
gions.20 This can contribute to the volume of patients seen in
the emergency department, and lead to increased direct costs
to the family as well as the potential indirect costs of moving
the families far away from home (lost wages for parents,
missed school for other children, etc), as well as utilization
of resources at the tertiary care center. The cost and resources
expended in the care of these children is absolutely appro-
priate if the transfer is needed, but if a system can be created
and communicated widely to identify patients who do not
require transfer, these real and indirect costs can be spared,
and health care resources can be applied more appropriately.
40
For example, one study found that the direct cost of just the
transfer from a community emergency department to a pedi-
atric emergency department was over $4000.21

This study is limited by the fact that it occurred within a
single academic center, and although the study was relatively
large for a pediatric study, it nevertheless had a small number
of patients with acute pancreatitis compared with adult
studies, with a wide variety of etiologies that may affect the
biochemical profiles. For example, there were likely a propor-
tion of these patients whowill ultimately carry a diagnosis of a
genetic etiology, but this is generally not tested at the time of
the first attack of acute pancreatitis. Although etiologies here
were diverse, they reflect the reality of clinical pediatric acute
pancreatitis, so inference can be developed from this study.
The study occurred over a relatively long time-frame, the
collection of clinical registry data and biospecimens was
over a span of 4 years without interruption, perhaps reflecting
the reality that the conduct of translational studies is slow and
challenging in the pediatric acute pancreatitis population.
The results, while alluding to possible roles of the cytokines
investigated, do not lead to a direct understanding of their
cellular effects, as we measure the systemic levels of the cyto-
kines circulating in the plasma but experimental studies
suggest important roles for the identified cytokine and
chemokine in pancreatitis lethality/severity. 22,23

In conclusion, elevation of IL-6, MCP-1, and CRP are
associated with progression to severe acute pancreatitis. Add-
ing CRP to commonly obtained laboratory markers such as
BUN may allow clinicians to identify patients at highest
risk of progression to severe disease. Monitoring IL-6 and
MCP-1 levels may offer novel insights into the inflammatory
responses and immunologic pathways involved in pediatric
acute pancreatitis, provide targets to measure for response
to therapy, and are potential targets for future medical ther-
apies. Multicenter studies should further investigate the role
of these cytokines in the prediction and treatment of pediat-
ric acute pancreatitis in the future. n
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Figure 4. Boxplot comparison of target cytokines from derivation and validation cohorts. Due to small sample size, Wilcoxon
analysis was used for comparison.
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Figure 5. ROC curves for derivation cohort.
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Table I. Cytokines investigated

H62 H76
BDNF CD40Ligand
NGF EGF
EGF EOTAXIN
ENA78 FGFb
EOTAXIN FIt-3L
FGFB Fractalkine
GCSF G-CSF
GMCSF GM-CSF
GROA GRO
HGF IFN-a2
IFNA IFN-G
IFNB IL-10
IFNG IL-12-P70
IL10 IL-12P40
IL12P40 IL-13
IL12P70 IL-15
IL13 IL-17
IL15 IL-18
IL17A IL-1a
IL17F IL-1B
IL18 IL-1RA
IL1A IL-2
IL1B IL-22
IL1RA IL-3
H62 H76
IL2 IL-4
IL21 IL-5
IL22 IL-6
IL23 IL-7
IL27 IL-8
IL31 IL-9
IL4 IP-10
IL5 MCP-1
IL6 MCP-3
IL7 MDC
IL8 MIP-1B
IL9 MIP1a
IP10 PDGF-AA
LEPTIN PDGF-BB/AB
LIF RANTES
MCSF TGF-a
MCP1 TNF-A
MCP3 TNF-B
MIG VEGF
MIP1A Eotaxin-2
MIP1B MCP-2
PAI1 BCA-1
PDGFBB MCP-4
RANTES I-309
RESISTIN IL-16
CD40L TARC
H62 H76
SDF1A Eotaxin-3
FASL LIF
ICAM1 TPO
VCAM1 SCF
TGFA TSLP
TGFB IL-33
TNFA CXCL9/MIG
TNFB IL-20
TRAIL IL-21
VEGF IL-23
VEGFD Trail

CTACK
SDF-1a+b
ENA-78
MIP-1d
IL-28A

(continued )

Table I. Continued

HGF
Leptin
MIF
PAI-1
Resistin
sFAS
sFASL
sICAM1
sVCAM-1

BDNF, brain-derived neurotrophic factor; bNGF, basic Nerve Growth Factor; CD40L, CD40
ligand; EGF, epidermal growth factor; ENA-78, epithelial neutrophil-activating peptide 78;
FGF- b (also known as FGFB or bFGF), fibroblast growth factor b; G-CSF, granulocyte col-
ony-stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; GROA
(also known as Gro-a or GROA), growth-regulated a protein; HGF, hepatocyte growth factor;
INFA (also known as INF a), interferon a; INFB (also known as INFb), interferon b; IFNG
(also known as IFN g), interferon g; IL10, interleukin 10; IL12P40 (also known as IL-12B), inter-
leukin-12 subunit p40; IL12P70, interleukin-12 subunit p70; IL13, interleukin 13; IL15, inter-
leukin 15; IL17A (also known as IL17), interleukin 17A; IL17F, interleukin 17F; IL18, interleukin
18; IL1A, interleukin 1 alpha; IL1B, interleukin 1 beta; IL1RA, interleukin-1 receptor antagonist;
IL2, interleukin 2; IL21, interleukin 21; IL22, interleukin 22; IL3, interleukin 3; FLT-3L, FMS-like
tyrosine kinase 3 ligand; Fractalkine is also known as chemokine (C-X3-C motif) ligand 1; IL23,
interleukin 23; IL27, interleukin 27; IL31, interleukin 31; IL4, interleukin 4; IL5, interleukin 5;
IL6, interleukin 6; IL7, interleukin 7; IL8, interleukin 8; IL9, interleukin 9; IL16, interleukin
16; IP10, Interferon gamma-induced protein 10; LIF, Leukemia inhibitory factor; M-CSF,
macrophage colony-stimulating factor; MCP1 (also known as CCL2), monocyte chemoattrac-
tant protein 1; MCP3 (also known as CCL7) monocyte chemoattractant protein 3; MIG [also
known as Chemokine (C-X-C motif) ligand 9 (CXCL9)], monokine induced by gamma interferon;
MIP1A (also known as CCL3), macrophage inflammatory protein 1-alpha; MIP1B, (also known
as CCL4), macrophage inflammatory protein 1-beta; PAI-1, Plasminogen activator inhibitor-1;
PDGFBB, Platelet-derived growth factor glycoprotein with 2 B subunits; PDGFAA, Platelet-
derived growth factor glycoprotein with 2 A subunits; PDGFAB, Platelet-derived growth factor
glycoprotein with one A and one B subunit; RANTES (also known as CCL5), regulated on acti-
vation, normal T cell expressed and secreted; TGFA, transforming growth factor alpha; TGFB,
transforming growth factor beta; TNFA, tumor necrosis factor alpha; TNFB, tumor necrosis fac-
tor alpha; VEGF, vascular endothelial growth factor; VEGFD, vascular endothelial growth factor
D;MDC [also known as CCL22, chemokine (C-C motif) ligand 22], macrophage derived chemo-
kine; Eotaxin-2 [also known as CCL24, chemokine (C-C motif) ligand 24], eosinophil chemo-
tactic protein 2; Eotaxin-3 [also known as CCL26, chemokine (C-C motif) ligand 26],
eosinophil chemotactic protein 3; MCP-2 [also known as CCL8, chemokine (C-C motif) ligand
8], monocyte chemoattractant protein 2; MCP-4 [also known as CCL13, chemokine (C-C motif)
ligand 13], monocyte chemoattractant protein 4; BCA1 [also known as Chemokine (C-X-C
motif) ligand 13 (CXCL13)], B cell-attracting chemokine; IL20, interleukin 20; IL28A, interleukin
28A; IL33, interleukin 33; I-309 [also known as CCL1, chemokine (C-C motif) ligand 1], T
lymphocyte-secreted protein I-309; TARC [also known as CCL17, chemokine (C-C motif) ligand
17], thymus and activation regulated chemokine; SDF-1A, stromal cell-derived factor 1 a;
FASL, Fas Ligand; ICAM1, intercellular adhesion molecule 1; VCAM-1, vascular cell adhesion
molecule 1; sFAS, soluble Fas receptor; sFASL, soluble Fas Ligand; sICAM1, soluble intercel-
lular adhesion molecule 1; sVCAM-1, soluble vascular cell adhesion molecule 1; TRAIL, tumor
necrosis factor-regulated apoptosis-inducing ligand; TPO, Thrombopoietin; SCF, stem cell fac-
tor; TSLP, thymic stromal lymphopoietin; CTACK [also known as CCL27, chemokine (C-C motif)
ligand 27], cutaneous T cell-attracting chemokine; MIP-1D [also known as CCL15, chemokine
(C-C motif) ligand 15], Macrophage Inflammatory Protein 1 Delta; MIF, macrophage migration
inhibitory factor.

Table III. Clinically obtained biochemical
characteristics

Biochemical
characteristics

Derivation
(n = 46)

Validation
(n = 25) P value

Lipase � ULN 7.4 (4.4-21.8) 8.7 (5.8-32.5) .18
Amylase � ULN 1.7 (0.9-6.5) n = 32 2.2 (1.5-5.5) n = 16 .37
Albumin, g/dL 3.6 (3.2-4.1) n = 45 3.9 (3.4-4.2) .20
WBC, 103/microL 9.3 (5.9-13.5) n = 41 8.1 (6.7-11.4) .93
Creatinine, mg/dL 0.5 (0.4-0.7) n = 42 0.6 (0.4-0.6) .81
Hematocrit, % 38.7 (31.9-42.9) n = 40 38.9 (37.1-41.6) .63
Hemoglobin, g/dL 13.2 (11.1-15.0) n = 41 13.0 (12.4-13.7) .69
BUN, mg/dL 10.0 (7.0-15.0) n = 42 12.0 (8.0-17.0) .25

ULN, upper limit of normal.
Data presented as median (25th-75th percentile).
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Table IV. Biomarkers comparison

Biomarkers

Derivation cohort Validation cohort

Severe acute
pancreatitis (n = 4)

Moderately severe
(n = 6)

Mild acute
pancreatitis (n = 36)

Controls
(n = 20) P value*

Severe acute
pancreatitis (n = 4)

Moderately severe
(n = 2)

Mild acute
pancreatitis (n = 19)

Controls
(n = 20) P value*

CRP .01 <.0001
<0.4 1/2 (50%) 1/4 (25%) 12/22 (55%) 18/19 (95%) 0 (0%) 0 (0%) 9 (47%) 20 (100%)
0.4-2.5 1/2 (50%) 2/4 (50%) 6/22 (27%) 1/19 (5%) 1 (25%) 0 (0%) 7 (37%) 0 (0%)
>2.5 0/2 (0%) 1/4 (25%) 4/22 (18%) 0/19 (0%) 3 (75%) 2 (100%) 3 (16%) 0 (0%)

IL-6 (Log2) 9.5 (9.1-10.7) 9.1 (8.9-9.7) 8.9 (8.6-9.3) 8.1 (7.9-8.6) .0006 9.3 (6.6-12.1) 8.2 (7.4-8.9) 5.9 (5.5-6.9) 5.5 (5.1-6.2) .01
MCP-1 (Log2) 11.1 (10.3-11.9) 10.0 (9.2-12.1) 9.7 (8.7-10.6) 7.2 (6.6-7.8) <.0001 11.8 (11.2-12.5) 13.3 (12.7-13.9) 10.5 (9.6-11.2) 10.0 (9.0-10.8) .005
NLR 1.5 (1.1-16.1) 4.3 (2.4-6.8) 3.2 (2.0-5.6) n = 29 NA .46 6.2 (3.0-16.0) 6.4 (5.3-7.6) 2.5 (1.9-4.7) NA .16
MLR 0.2 (0.1-0.6) 0.3 (0.1-1.1) 0.4 (0.2-0.8) n = 29 NA .52 0.8 (0.5-2.3) 0.2 (0.0-0.4) 0.4 (0.2-0.6) NA .13
Absolute neutrophil 5.7 (2.6-11.9) 5.8 (3.4-8.8) 5.6 (3.7-9.5) n = 29 NA 1.00 10.5 (5.0-16.9) 0.5 (0.2-0.8) 5.6 (4.1-7.4) NA .03
Absolute lymphocyte 2.0 (1.1-3.9) 1.2 (0.9-2.3) 1.8 (1.2-2.6) n = 29 NA .56 1.6 (1.1-1.8) 0.1 (0.0-0.1) 2.1 (1.2-2.7) NA .03
Absolute monocyte 0.5 (0.4-0.6) 0.4 (0.1-1.4) 0.7 (0.5-1.1) n = 29 NA .31 1.0 (0.6-3.5) 0.0 (0.0-0.0) 0.7 (0.6-0.9) NA .04
RDW 14.4 (12.0-17.3) 12.9 (12.3-13.7) 12.2 (11.7-13.0) n = 31 NA .52 13.8 (13.4-14.0) 14.4 (14.2-14.6) 13.0 (11.9-13.9) NA .17

MLR, monocyte to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; RDW, red cell distribution width.
Data presented as n (%) or median (25th-75th percentile).
Bolded values are statistically significant, with a P-value <.05.
*P values for all 4 groups if available or the acute pancreatitis groups if NA for controls.
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