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Applying Ockham’s Razor to Pancreatitis Prognostication
A Four-Variable Predictive Model

Austin L. Spitzer, MD,*† Anthony M. Barcia, BS,* Michael T. Schell, MD,* Annabel Barber, MD,‡
James Norman, MD,§ James Grendell, MD,� and Hobart W. Harris, MD, MPH*

Objective: We sought to develop a simple yet accurate prognostic
scoring system to determine the severity of acute pancreatitis at
admission.
Summary Background Data: Because acute pancreatitis has a
variable and frequently unpredictable course, identifying individuals
at greatest risk for significant, life-threatening complications and
stratifying their care appropriately remain a concern. Previous prog-
nostic scoring systems predict severity reasonably well but are
limited by time constraints, are unwieldy to use, or both.
Methods: Data from the international phase III trial of the platelet-
activating factor receptor-antagonist Lexipafant were used to de-
velop a 4-variable prognostic model. We then compared the model’s
ability to predict the severity of acute pancreatitis with the Ranson,
Glasgow, and APACHE II systems.
Results: The model (BALI), which included BUN �25 mg/dL, Age
�65 years, LDH �300 IU/L, and IL-6 �300 pg/mL, measured at
admission, was similar to the Ranson, Glasgow, and APACHE II
systems in its ability to identify increased mortality from acute
pancreatitis. The receiver operating characteristic curve area for the
BALI model was �0.82 � 0.03 (mean � SD) versus 0.75 � 0.04
(Ranson), 0.80 � 0.03 (Glasgow), and 0.79 � 0.03 (APACHE II).
Furthermore, at a prevalence of 15%, the positive and negative
predictive values for increased mortality were similar for all sys-
tems.
Conclusion: The prognostic ability of the BALI 4-variable model
was similar to the Ranson, Glasgow, and APACHE II systems but is
unique in its simplicity and ability to accurately predict disease
severity when used at admission or anytime during the first 48 hours
of hospitalization.

(Ann Surg 2006;243: 380–388)

Although advances in understanding the pathophysiology
of acute pancreatitis and treating its complications have

improved patient outcomes, the mortality rate for severe
pancreatitis remains 8% to 15%.1–4 Identifying patients who
will require aggressive resuscitation and intensive care mea-
sures therefore remains imperative.

The perpetual failure of clinical assessment to accu-
rately predict pancreatitis severity5,6 led to the development
of prognostic scoring systems based on objective clinical and
laboratory data by Ranson et al7,8 and Imrie et al.9,10 Known
as the Ranson and Glasgow systems, they have allowed
patients to be stratified according to disease severity and
resources to be focused on appropriate treatment regimens;
however, both systems use a prognostic score that is based on
data collected over 24 to 48 hours, effectively resulting in
what many consider a missed opportunity for intervention.
The revised Acute Physiologic and Chronic Health Evalua-
tion (APACHE II)11,12 scoring system allows patients to be
stratified at admission,13–15 but its unwieldiness (weighted
scoring of 3 sets of variables) continues to limit its use.
Consequently, several simple, clinically useful predictors of
early severity have been proposed, such as trypsinogen
activation peptide (TAP),16,17 C-reactive protein (CRP),18–20

and interleukin-6 (IL-6),19 but lack of specificity has limited
their widespread clinical application.

We sought to develop a simple model for predicting
acute pancreatitis severity. To accomplish this, we ana-
lyzed data from the recent Lexipafant21–27 pancreatitis trial to
develop a system that could be used at admission. We then
compared its prognostic reliability with the established sys-
tems for predicting acute pancreatitis severity.

METHODS

Data Obtained From the Lexipafant Study
The Lexipafant study was a randomized, multicenter,

double-blind, placebo-controlled, phase III trial to determine
if an infusion of Lexipafant given within 48 hours of the onset
of symptoms of pancreatitis could reduce all-cause mortality
within 28 days.28 The trial was conducted in accordance with
the declaration of Helsinki,29 the recommendations of the
EEC Committee for Proprietary Medicinal Products,30 and
under the supervision of the Food and Drug Administration in
the United States.
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A total of 1518 subjects (56% men; mean � SD �SD�
age, 61 � 16 years) were enrolled according to the inclusion
criteria; 510 were randomized to receive placebo, 498 to
receive 10 mg/24 hours Lexipafant, and 510 to receive 100
mg/24 hours Lexipafant. The mean APACHE II score for
each group was approximately 11 at enrollment. Blood sam-
ples were taken at 0, 12, 24, and 48 hours from all subjects.
Serum samples obtained from the first 450 patients were
analyzed for the cytokines IL-6 and IL-8. The 3 groups did
not differ significantly in terms of organ dysfunction,31,32

sepsis,33 or death at 90 days.28 We confirmed that there was
no statistical association between treatment group and mor-
tality at 90 days (Fisher exact test P � 0.9).

Data records were downloaded into ASCII files and
converted into SAS version 6.11 data sets (SAS Institute Inc.,
Cary, NC). Model development and system analyses were
done using SAS version 8.2.

Model Development
Because subjects were enrolled on an “intent-to-treat”

basis, we included mortality in all subjects (n � 149 at 90
days) in our analyses. Because no association was found
between the placebo and treatment groups in terms of pre-
sentation, subject characteristics, and mortality, we assumed
that there was no difference in treatment response or its effect
on these variables, and that the entire group therefore con-
sisted of a homogeneous population of individuals with acute
pancreatitis as defined by the study inclusion criteria.

An index data set was created as a stratified random
subset from the entire population of trial participants. We
selected out two thirds of the population based on the 6
combinations of the 2 stratification variables, death (yes/no)
and treatment (placebo, 10 mg/24 hours, or 100 mg/24
hours). A subset of those variables significant at P � 0.001
was analyzed to determine “optimal” cutoff points for each of
the variables. Multiple logistic regression analyses were per-
formed to explore the combinations of dichotomous predic-
tors to reduce the codependency of variables. To develop a
practical clinical model, we simplified the weight of each
variable to be “1.” This approach made any combination of
variables equivalent with regard to prognostication. The final
values and cutoffs fit on the index set were BUN �25 mg/dL,
age �65 years, LDH �300 IU/L, and IL-6 �300 pg/mL
(BALI). Only initial, not peak or random, values were used as
variables in the BALI model. As a secondary study, we tried
to develop a similar model by using an index set of the
placebo-treated patients. Statistical significance was consid-
ered at P � 0.001 as evaluated by Fisher’s 2-tailed exact
probability or the Mann-Whitney rank sum test.

Discrimination was defined as a prognostic model’s
ability to distinguish high-risk from low-risk individuals,
which, in this case, meant 90-day mortality versus survival.
Discrimination was quantified by the area under the receiver
operating characteristic (ROC) curves34–36 and by positive
predictive values (PPV) and negative predictive values
(NPV) for each system. For PPV and NPV comparisons, a
prevalence of 15% mortality was used. The 4 variables of the
BALI model were compared with scores of 1, 3, 5, and 7 for

the Ranson and Glasgow systems and with APACHE II
interval scores of �10, 10–15, 15–20, 20–25, and �25.

The validity of the BALI model was confirmed by
comparing it against each system in a pairwise fashion with
regard to mortality rate at each score. Only data for individ-
uals who met the criteria of our model and the Ranson,
Glasgow, or APACHE II systems were compared. Analysis
of the Ranson model was limited to 9 of its 11 available
variables because fluid sequestration and base deficit data
were not available from subjects in the Lexipafant trial.

The performance of the BALI model was verified using
the remaining one third sample (validation set) that had been
reserved during the model building process, and its ability to
predict severity was subsequently compared with the Ranson,
Glasgow, and APACHE II systems. The discrepancy in the
number of patients considered for each comparison is due to
missing variables from each system. When the Ranson or
Glasgow systems were evaluated, data were reviewed with
“no missing” data sets or with a missing variable receiving a
score of “0.”

RESULTS
Descriptive variables in the index and validation data

sets did not differ significantly. Not surprisingly, many of the
variables previously used in the Ranson and Glasgow systems
were significantly related to mortality at 90 days, including
age, BUN, LDH, calcium, and glucose, but hematocrit, white
blood cell count (WBC), alanine aminotransferase (ALT),
and arterial oxygenation (paO2) were not, and were therefore
excluded from the model (Table 1). Although the percentage
change in hematocrit at 48 hours was associated with in-
creased mortality (P � 0.01), its contribution was not signif-
icant in model development. Fluid sequestration and base
deficit, variables previously discarded by Imrie et al9 in
developing the Glasgow model, were not analyzed. Neither
was aspartate aminotransferase (AST), a variable that Blamey
et al10 discarded from a revised version of the Glasgow model
because of its lack of significance.

To reduce the effects of codependency of the variables
on overall prognostication, we included only BUN �25
mg/dL, age �65 years, LDH �300 IU/L, and IL-6 �300
pg/mL, as their contribution to the BALI model provided the
best prediction of mortality. Only initial, not peak or random,
values were used to develop the model parameters. The
secondary analysis of placebo-treated patients alone also
showed that age �65, LDH �300, and IL-6 �300 were 3 of
the strongest predictors for increased mortality, although
multivariate modeling was not possible because of sample
size limitations. Removing BUN from the BALI model fur-
ther increased the contribution of each remaining variable
(odds ratios not shown); however, this necessarily decreased
specificity, and ROC comparisons of our model with and
without BUN resulted in a similar area (0.84), but no signif-
icant improvement (P � 0.6). This led us to compare the
predictive power of the model with and without the IL-6
variable, which limited the area under the ROC curve
(0.81); but again, the difference in areas was not significant
(P � 0.2).
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TABLE 1. Relationship Between Mean Values of Common System
Variables and Mortality at Time 0 and 48 Hours
Variable Time Death Mean � SD Median 95% CI P*

IL-6 (pg/mL) �0.0001
(27%) 0 No 465 � 1100 119, 217

Yes 3970 � 16000 424, 962
(25%) 48 No 145 � 316 0, 21 �0.0001

Yes 1630 � 3400 163, 763
BUN (mg/dL) �0.0001

(94%) 0 No 24.3 � 21.8 17.6, 18.5
Yes 46.6 � 32.9 32.2, 44.0

(85%) 48 No 18.9 � 19.3 12.6, 14.0 �0.0001
Yes 53.0 � 45.9 33.9, 46.8

LDH (IU/L) �0.0001
(67%) 0 No 302 � 329 230, 250

Yes 677 � 847 345, 567
(58%) 48 No 301 � 249 209, 231 �0.0001

Yes 776 � 965 383, 669
Albumin (g/dL) �0.0001

(91%) 0 No 3.29 � .563 3.3, 3.4
Yes 2.88 � .747 2.8, 3.1

(81%) 48 No 2.86 � .543 2.8, 2.9 �0.0001
Yes 2.36 � 0.562 2.2, 2.6

Glucose (mg/dL) �0.0001
(90%) 0 No 152 � 81.8 126, 133

Yes 199 � 149 155, 189
(80%) 48 No 141 � 92.6 115, 121 �0.0001

Yes 185 � 99.0 135, 178
Calcium (mg/dL) �0.0001

(94%) 0 No 8.04 � 0.904 8.0, 8.4
Yes 7.30 � 1.22 7.2, 7.6

(85%) 48 No 7.91 � 0.836 2.0, 2.0 �0.0001
Yes 7.08 � 1.15 1.7, 1.9

AST (U/L) �0.027
(91%) 0 No 123 � 298 58, 67

Yes 231 � 652 53, 92
(81%) 48 No 50.0 � 100 33, 36 �0.0001

Yes 243 � 693 39, 58
ALT (U/L) 0.189

(91%) 0 No 136 � 208 54, 70
Yes 141 � 245 32, 61

(81%) 48 No 67.9 � 96.3 36, 43 0.942
Yes 156 � 406 28, 45

paO2 (mm Hg) 0.047
(65%) 0 No 84.7 � 33.1 75.8, 78.7

Yes 92.2 � 39.4 75.7, 84.2
(19%) 48 No 83.2 � 24.6 76.5, 83.0 0.546

Yes 88.8 � 35.6 73.0, 89.7
WBC (1000 s/mm3) 0.144

(100%) 0 No 13.9 � 6.10 12.8, 13.6
Yes 14.7 � 6.76 12.9, 15.1

(88%) 48 No 10.9 � 4.53 9.9, 10.5 0.058
Yes 11.9 � 5.37 10.4, 12.6

Hct (%) 0.866
(100%) 0 No 41.3 � 6.50 40.8, 41.6

Yes 41.0 � 7.76 40.0, 43.2
(88%) 48 No 36.0 � 5.26 35.9, 36.6 0.005

Yes 34.3 � 6.55 33.8, 36.5

*Mann-Whitney U test.
IL-6 indicates interleukin-6; BUN, blood urea nitrogen; LDH, lactate dehydrogenase; AST, aspartate

aminotransferase; ALT, alanine aminotransferase; WBC, white blood cell count; Hct, hematocrit; paO2, arterial
oxygenation; SI unit conversion: BUN mg/dL � 0.357 � mmol/L (SI); albumin g/dL � 10 � g/L (SI); glucose
mg/dL � 0.0555 � mmol/L (SI); calcium mg/dL � 0.25 � mmol/L (SI); and paO2 mm Hg � 0.1333 � kPa
(SI). Percentage of individuals with variable indicated in parentheses.
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As anticipated, when prognostic scores were compared
with mortality rates, the relationship was consistent through-
out (Fig. 1). The BALI model demonstrated �25% mortality
with 3 positive variables, and �50% mortality with 4 positive
variables. This relationship was consistent throughout the
first 48 hours of admission (data not shown). Similar trends in
prognostic scores and mortality rates were demonstrated with
the Ranson and Glasgow scoring systems. For the Ranson
criteria, �2 positive variables yielded approximately 4%
mortality, 3 or 4 positive variables yielded 10%, 5 or 6 variables
yielded 36%, and 7 or 8 variables yielded �50%. For the
Glasgow criteria, �2 positive variables yielded approximately
3% mortality, 3 or 4 positive variables yielded 4%, 5 or 6
variables yielded 19%, and 7 or 8 variables yielded �46%.
The APACHE II scores likewise demonstrated lower mortal-
ity at lower scores: �10 yielded 2% mortality, whereas
scores �20 yielded greater than 50% mortality.

In pairwise comparisons, the ROC curve areas were sim-
ilar for the BALI model and the established systems (Fig. 2). At

the power of this study, there was no significant difference
between the BALI model (with the score determined at admis-
sion) and the established systems. This was true even though the
comparisons were done using the most predictive APACHE II
score obtained over the first 48 hours, and Ranson and Glasgow
scores obtained over the first 48 hours.

The area under the ROC curve for the BALI model
validation data set was 0.84, which was similar to the area for
the validation data sets of the Ranson (0.70), Glasgow (0.77),
and APACHE II (0.80) systems (data not shown). When we
compared the established systems against our entire data set
to ensure greatest predictability, the areas under the ROC
curves were only slightly higher. Because each ROC curve
was based on different subsets of patients, only a qualitative
comparison was possible. When we attempted to improve the
prediction of the Ranson analysis with LDH set at 350 versus
700 IU/L, there was no significant difference in area (0.77
versus 0.75). The same was true when the Glasgow system
was analyzed without AST (0.79 versus 0.79).10

FIGURE 1. Mortality rate versus prog-
nostic score for BALI model versus es-
tablished systems. y-axis � mortality
rate (%); x-axis � prognostic score or
range for APACHE II interval score.
Number of deaths per sample popula-
tion: BALI model (n � 40 of 365),
APACHE II (149 of 1518), Ranson (79
of 627), and Glasgow (105 of 854)
systems.
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The predictive values of the BALI model and the
established systems consistently demonstrated the same pat-
terns for sensitivity, PPV and NPV (Table 2). It is clear that
with the BALI model and the Ranson and Glasgow systems,
increasing the number of variables results in increased spec-
ificity and reduced sensitivity.

DISCUSSION
Utilizing the largest prospective database of individuals

with presumed pancreatitis ever established, we developed a
4-variable model (BALI) that predicted increased mortality
with similar sensitivity and specificity to the Ranson, Glas-
gow, and APACHE II scoring systems. Our model was based
on a subset of variables from these systems and the more
recently investigated cytokine assay for IL-6. Much as the
creators of the Glasgow system refined the Ranson model into
a simpler clinical tool, we attempted to streamline our model
to include only the most predictive variables and to exclude
duplicate or codependent variables. The BALI model has a
similar advantage to the Ranson and Glasgow systems in that
the score of each variable is “1”; therefore, there should not
be a significant predictive advantage in one variable versus
another and any combination should provide similar predic-
tive power.

Age, BUN, and LDH, which were used in our model
and in the Ranson and Glasgow systems, likely represent
surrogate indicators of the individual’s physiologic reserve,
end-organ function, and general inflammatory response. The
immune system changes with the aging process, and age limits
an individual’s response to an inflammatory insult.37–39 The rate
at which BUN increases is influenced by the degree of tissue
necrosis, protein catabolism, and the rate at which the kidneys
excrete urea nitrogen.40,41 Elevated levels of LDH appear to
provide a general, albeit nonspecific, indication of inflamma-
tion.40,41 Although adding the IL-6 assay to age, BUN, and
LDH variables increases the discriminatory power of our
model, establishing 3 of 3 positive variables without IL-6
data predicted approximately 40% mortality, enough to war-
rant increased vigilance for clinical deterioration in a pa-
tient’s condition.

A 1998 review of the existing scoring systems42 found
their weakness is that their PPV for severe pancreatitis are
only 40% to 60% and their sensitivities are only 60% to 80%,
implying that 20% to 40% of patients with severe disease will
not be detected before their demise becomes apparent.5,15,42,43

However, others have argued that high NPV17 or both high
PPVs and NPVs15 are preferred when assessing acute pan-
creatitis severity. The high NPVs of the multifactorial scoring

FIGURE 2. Receiver operating charac-
teristic curves for BALI model versus
the (A) Ranson, (B) Glasgow, and (C)
APACHE II systems, respectively. y-axis �
sensitivity; x-axis � 1 � specificity.
Areas under the curves (AUC) for the
BALI model were: �0.81 � 0.03 ver-
sus 0.75 � 0.04, a difference of 0.07
(CI, �0.15 to 0.01; P � 0.08) (Ran-
son), 0.80 � 0.03; a difference of
0.01 (CI, �0.08 to 0.06; P � 0.72)
(Glasgow), and 0.79 � 0.03; a differ-
ence of 0.05 (CI, �0.12 to 0.03; P �
0.21) (APACHE II), respectively.
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TABLE 2. Sensitivity, Positive and Negative Predictive Value(s) for BALI Model, Ranson,
Glasgow, and APACHE II Scoring Systems at a Mortality Prevalence of 15%

Model Data Set
Criteria

(no.)
Sensitivity

(%)
Specificity

(%) PPV NPV
No. of

Deaths*

BALI Index 1 100 22 0.18 1.0 29

2 90 52 0.25 0.97

3 69 83 0.41 0.94

4 38 96 0.61 0.90

Validation 1 100 20 0.18 1.0 11

2 91 56 0.27 0.97

3 82 85 0.49 0.96

4 18 98 0.65 0.87

RANSON Index 1 99 3 0.15 0.95 100

100 1 0.15 1.0 54

3 77 46 0.20 0.92 100

91 36 0.20 0.96 54

5 35 92 0.45 0.89 100

44 89 0.43 0.90 54

7 5 99 0.57 0.86 100

9 98 0.49 0.86 54

Validation 1 100 4 0.16 1.0 49

100 4 0.16 1.0 25

3 74 46 0.19 0.91 49

84 34 0.18 0.92 25

5 35 93 0.47 0.89 49

44 90 0.44 0.90 25

7 6 100 0.71 0.86 49

12 99 0.68 0.86 25

GLASGOW Index 1 99 2 0.15 0.93 100

100 1 0.15 1.0 73

3 91 25 0.18 0.94 100

97 17 0.17 0.97 73

5 72 74 0.33 0.94 100

81 69 0.32 0.95 73

7 26 97 0.57 0.88 100

32 95 0.53 0.89 73

Validation 1 100 4 0.16 1.0 49

100 3 0.15 1.0 32

3 88 27 0.18 0.93 49

97 19 0.17 0.97 32

5 61 73 0.29 0.92 49

75 65 0.28 0.94 32

7 27 96 0.53 0.88 49

34 94 0.52 0.89 32

APACHE II Index 10 95 43 0.23 0.98 100

15 57 86 0.42 0.92

20 35 97 0.65 0.89

25 13 99 0.70 0.87

Validation 10 84 48 0.22 0.94 49

15 57 84 0.39 0.92

20 41 94 0.60 0.90

25 22 99 0.82 0.88

*The numbers in the Ranson and Glasgow divisions represent the entire data set and the subset without missing data.
PPV indicates positive predictive value; NPV, negative predictive value.
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systems have resulted in their application in many clinical
practices, where the presence of �3 Ranson signs or
APACHE II scores �10 are viewed as indicators of mild
disease.14,44 The sensitivity, PPV, and NPV of our model and
the Ranson and Glasgow systems consistently demonstrated
similar results when 3 positive criteria were used (Table 2);
however, we found slightly lower PPV.4–7,10,15,18,45–48 Fur-
thermore, the APACHE II data PPV in our study are slightly
lower than those anticipated from the literature.15,48 This
discrepancy is likely due to the specificity of the systems;
given that nondeaths are the larger and less homogeneous
group, the probability of a negative result given a nondeath
(specificity) is low. The deaths, in contrast, are likely more
homogeneous.

There have been many other criticisms of the existing
systems. Because not all of the Ranson criteria are completed
during a typical patient evaluation, the system does not help
discriminate at presentation. The Glasgow system, while an
improvement in terms of available variables, also requires 24
to 48 hours for calculation. Another criticism of both systems
is that certain variables are, in essence, duplicates (eg, WBC
and LDH are nonspecific measures of inflammation) and do
not actually contribute to predictive value. A distinct advan-
tage of APACHE II is that it can be calculated at admission
and on a daily basis to monitor changes in prognosis. Severe
attacks of pancreatitis have been shown to correspond to
increasing scores over the first 48 hours, whereas milder
attacks demonstrate decreasing scores over time.14 On the
basis of data from the Lexipafant trial, the success of the
APACHE II system in predicting acute pancreatitis severity
has been speculated to be due to its ability to identify patients
with early organ failure.49 The APACHE II system, which
reportedly has the best accuracy of the scoring systems, has a
sensitivity of predicting a severe attack of pancreatitis in
approximately 61% of patients at admission.50,51 The BALI
model is similar to APACHE II in that it can be calculated at
admission and repeatedly during the initial 48 hours of
hospitalization, thereby permitting early stratification of pa-
tient care and resources. However, we think that the BALI
4-variable model is simpler to use than the APACHE II
system, which entails weighted scoring of multiple variables.

Other proposed markers of pancreatitis severity have
been based on the knowledge that the earliest events of acute
pancreatitis occur in acinar cells when pancreatic enzymes
are overproduced and prematurely activated,52 an insult that
is followed by an inflammatory response mediated by cyto-
kines including IL-1, IL-6, IL-8, tumor necrosis (TNF),
and platelet-activating factor.53 These molecules, as well as
TAP42 and CRP, have all been proposed as potential early
markers of severe acute pancreatitis. TAP has shown promise
as a single marker because it is specifically related to the
onset of acute pancreatitis; however, as with CRP,18,47,54 it
requires 24 hours to evaluate. Circulating levels of both IL-6
and IL-8 were shown to be higher in patients with compli-
cated pancreatitis and were more predictive of end organ
failure, duration of hospital stay, and overall mortality.19,55–57

However, at the time of these preliminary studies, the assays
were substantially more cumbersome and time dependent.

Our findings were especially similar to those reported by
Viedma et al58 and Leser et al,59 which showed marked
elevation of IL-6 levels in patients with fatal outcomes. A
recent report by Pooran et al60 found significantly higher
levels of IL-6, IL-8, and TNF in patients with severe acute
pancreatitis than in patients with mild disease, and showed
that IL-6 differentiated control from mild disease. Although
the mean level for IL-6 (83 pg/mL) was lower than our
“optimal” cutoff of 300 pg/mL for IL-6, their definition of
severity was not based on mortality and would, by definition,
increase the sensitivity of our test at that value at the expense
of specificity. Their study also begs the question as to which
cytokine marker would be the most appropriate in a predic-
tive model. The brief production of TNF, hepatic clearance,
and nonuniformity in measurement reduce its attractiveness
as a predictor.61–64 In our study, increased IL-8 was associ-
ated with increased mortality; however, a significant number
of individuals in the Lexipafant database had undetectable
levels of IL-8, and the contribution to the predictive model
for the number of samples was therefore not as significant as
that of IL-6. However, IL-8 may remain elevated longer than
IL-6;56 conceivably, an elevation in either cytokine would
complement our model.

Although clinical testing of cytokines is not yet widely
accepted, they can now be quickly and reliably determined at
admission, making their use as prognostic markers feasible.
For instance, the Milenia IL-6 Quickline Assay, which costs
less than $20 per test, can be performed in the emergency
room or at the bedside and provides semi-quantitative results
(range: �100 pg/mL, �100 pg/mL, �300 pg/mL, �1000
pg/mL) within 20 minutes.65 Additionally, IL-6 could be
measured in large batches using multiplex technology at a per
unit cost that makes it feasible in a major clinical setting.66

Ultimately, no matter how one evaluates a group of
patients, the appearance of healthy and diseased populations
will overlap to some extent, making it difficult to distinguish
between the groups completely, a problem compounded by
the spectrum of disease seen in pancreatitis. The accuracy of
a diagnostic test is frequently expressed in terms of specificity
and sensitivity, implying that every test has only one true
positive and one true negative fraction. In reality, the sensi-
tivity and specificity will change if the diagnostic criteria are
altered; the ROC curve takes the variability of the criteria into
account.34,35 In this study, the ROC curves were remarkably
similar for the index and validation data sets, when either the
entire data set or a subset without missing data was used.
However, in creating the subset, any criterion that was miss-
ing from the data set was scored with a “0,” a strategy that
likely underrepresents the severity of pancreatitis demon-
strated by the Ranson and Glasgow systems.

False positives (type I errors) and false negatives (type
II errors) can be expected in studies with relatively few
patients. The BALI model is based on individuals who had
cytokine levels drawn (the initial 450 patients enrolled in the
study), and although the mortality in this subset was similar
to that for the entire data set, fewer patients in the validation
set died (n � 11) than in the Ranson, Glasgow, and APACHE
II validation sets (n � 25–49). However, the PPV and NPV
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were similar between the index and validation sets for our
model. For example, for 4 of 4 criteria, the PPVs were 61%
versus 65% and the NPVs were 90% versus 87%. Therefore,
development of the BALI model (on the index set) was not
likely adversely affected by overfitting or other data-driven
procedures.

Another potential source of error in model development
could have come from combining the 3 patient groups (pla-
cebo, 10 mg/24 hours, and 100 mg/24 hours Lexipafant) into
one population, if their demographics, physiologic variables,
or outcomes were different, as was true for the earlier
Lexipafant trial.21 However, in developing the index data set,
we compared the effects of treatment on outcome variables
and did not find substantial differences among the groups.
Furthermore, our attempt to develop a predictive model based
on the placebo group alone, although limited by sample size,
showed that once again, age �65, LDH �300, and IL-6
�300 were strong predictors of increased mortality.

The inclusion criteria for patient recruitment were an-
other potential source of error in the BALI model. During
the Lexipafant trial, investigators were concerned that the
APACHE II score used as an inclusion criterion overesti-
mated mortality in acute pancreatitis.67 This score likely
contributed to greater patient numbers through recruitment of
some individuals who did not have pancreatitis. Furthermore,
18 of the 149 patients who died during the trial did not have
pancreatitis.68 The BALI model was based on all patients
who fit the inclusion criteria for the trial and began “therapy”
on an “intent-to-treat” basis. Therefore, the BALI model’s
validity in predicting mortality from acute pancreatitis is
limited by the 18 individuals who ultimately did not have
pancreatitis. However, given the BALI model’s predictive
value, eliminating these individuals from model development
should strengthen the model because it would make the
population of individuals who died more homogeneous. Ide-
ally, our model would be compared with the existing systems
using only individuals with severe acute pancreatitis as ac-
curately defined by the Atlanta classification. We are now
enrolling individuals in a prospective validation of the BALI
model at our institution and are using it to predict severity
throughout hospitalization. We think that the BALI model,
with cautionary interpretation of the IL-6 concentration if
available, is a valuable, efficient, and early predictor of severe
acute pancreatitis.

CONCLUSION
The Ranson, Glasgow, and APACHE II systems each

predicted acute pancreatitis severity, as defined by potential
for death within 90 days, but our predictive model (BALI),
which included elevated values for just 4 variables (BUN
�25 mg/dL, Age �65 years, LDH �300 IU/L, and IL-6
�300 pg/mL) was equally capable of predicting severity at
admission and throughout the initial 48 hours.
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