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IMPORTANCE Biomarkers for the early diagnosis of patients with pancreatic cancer are
needed to improve prognosis.

OBJECTIVES To describe differences in microRNA expression in whole blood between
patients with pancreatic cancer, chronic pancreatitis, and healthy participants and to identify
panels of microRNAs for use in diagnosis of pancreatic cancer compared with the cancer
antigen 19-9 (CA19-9).

DESIGN, SETTING, AND PARTICIPANTS A case-control study that included 409 patients with
pancreatic cancer and 25 with chronic pancreatitis who had been included prospectively in
the Danish BIOPAC (Biomarkers in Patients with Pancreatic Cancer) study (July
2008-October 2012) plus 312 blood donors as healthy participants. The microRNA
expressions in pretreatment whole blood RNA samples were collected and analyzed in 3
randomly determined subcohorts: discovery cohort (143 patients with pancreatic cancer, 18
patients with chronic pancreatitis, and 69 healthy participants), training cohort (180 patients
with pancreatic cancer, 1 patient with chronic pancreatitis, and 199 healthy participants), and
validation cohort (86 patients with pancreatic cancer, 7 patients with chronic pancreatitis,
and 44 healthy participants); 754 microRNAs were screened in the discovery cohort and 38
microRNAs in the training cohort and 13 microRNAs in the validation cohort.

MAIN OUTCOMES AND MEASURES Identification of microRNA panels (classifiers) for
diagnosing pancreatic cancer.

RESULTS The discovery cohort demonstrated that 38 microRNAs in whole blood were signifi-
cantly dysregulated in patients with pancreatic cancer compared with controls. These microRNAs
were tested in the training cohort and 2 diagnostic panels were constructed comprising 4
microRNAs in index I (miR-145, miR-150, miR-223, miR-636) and 10 in index II (miR-26b, miR-34a,
miR-122, miR-126*, miR-145, miR-150, miR-223, miR-505, miR-636, miR-885.5p). The test charac-
teristics for the training cohort were index I area under the curve (AUC) of 0.86 (95% CI, 0.82-
0.90), sensitivity of 0.85 (95% CI, 0.79-0.90), and specificity of 0.64 (95% CI, 0.57-0.71); index II
AUC of 0.93 (95% CI, 0.90-0.96), sensitivity of 0.85 (95% CI, 0.79-0.90), and specificity of 0.85
(95% CI, 0.80-0.85); and CA19-9 AUC of 0.90 (95% CI, 0.87-0.94), sensitivity of 0.86 (95% CI,
0.80-0.90), and specificity of 0.99 (95% CI, 0.96-1.00). Performances were strengthened in the
validation cohort by combining panels and CA19-9 (index I AUC of 0.94 [95% CI, 0.90-0.98] and
index II AUC of 0.93 [95% CI, 0.89-0.97]). Compared with CA19-9 alone, the AUC for the combi-
nation of index I and CA19-9 was significantly higher (P = .01). The performance of the panels in
patients with stage IA-IIB pancreatic cancer was index I AUC of 0.80 (95% CI, 0.73-0.87); index I
and CA19-9 AUC of 0.83 (95% CI, 0.76-0.90); index II AUC of 0.91 (95% CI, 0.87-0.94); and index
II and CA19-9 AUC of 0.91 (95% CI, 0.86-0.95).

CONCLUSIONS AND RELEVANCE This study identified 2 diagnostic panels based on microRNA
expression in whole blood with the potential to distinguish patients with pancreatic cancer
from healthy controls. Further research is necessary to understand whether these have
clinical implications for early detection of pancreatic cancer and how much this information
adds to serum CA19-9.
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P ancreatic cancer is the fourth most common cause of
cancer death in the Western world.1,2 The prognosis is
poor, with 1- and 5-year survival rates of only 20% and

6%.1,3 Systemic chemotherapy administered either after tu-
mor resection surgery4 or in patients with metastatic disease5,6

has been shown to prolong survival; however, surgery is the
only curative treatment.3 Approximately 20% of patients with
pancreatic cancer can be operated on with curative intent be-
cause most have locally advanced or metastatic pancreatic can-
cer at the time of diagnosis. Early diagnosis of pancreatic can-
cer is difficult, and no biomarkers in blood can identify patients
with pancreatic cancer at an early stage.3,7

MicroRNAs are noncoding 17- to 25-nucleotide-long
RNAs that regulate gene expression posttranscriptionally.
microRNAs play important roles in oncogenesis and tumor
metastasis.8,9 More than 2500 human microRNAs sequences
are known today,10 and several specific microRNA profiles
related to pancreatic cancer tissue are described.11-14 A sen-
sitive and specific diagnostic noninvasive blood test for
pancreatic cancer would be very valuable because it is diffi-
cult to get useful biopsies of tissue from patients suspected
of having pancreatic cancer. Small retrospective studies
have demonstrated that expression of specific microRNAs
in plasma or serum can distinguish patients with pancreatic
cancer from healthy participants.15-17 Most of these
microRNAs are not validated in independent case-control
studies. Whole blood–derived microRNA profiles have been
suggested as a new tool for early detection of pancreatic
cancer and other adenocarcinomas.13,18,19 The advantages of
whole blood are higher microRNA content, elimination of
methodological problems related to the handling of serum
and plasma, and the possibility of measuring both tumor-
secreted microRNA and changes in microRNA profiling fol-
lowing the host reaction in patients with cancer.19,20

Serum cancer antigen 19-9 (CA19-9) is elevated in approxi-
mately 80% of patients with pancreatic cancer and has been
proposed as a useful diagnostic tool for the detection of pan-
creatic cancer.3,7 It is approved for determination of progno-
sis and as a guide to treatment and follow-up of patients with
pancreatic cancer.21 Therefore, we tested the diagnostic accu-
racy of serum CA19-9 in combination with microRNA profiles
for pancreatic cancer compared with either serum CA19-9 alone
or microRNA profiles alone.

The aims of the present study were to describe differ-
ences in microRNA expression in whole blood between pa-
tients with pancreatic cancer and healthy participants and pa-
tients with chronic pancreatitis, and to identify diagnostic
panels using a limited number of microRNAs for use in the di-
agnosis of pancreatic cancer.

Methods
The study was conducted according to the Reporting Recom-
mendations for Tumor Marker Prognostic Studies (REMARK)
guidelines.22 Patients with pancreatic cancer who were treated
in surgical and/or oncological departments at 6 hospitals in
Denmark were included in the Danish multicenter BIOPAC (Bio-

markers in Patients with Pancreatic Cancer) study. Patients
were included from July 1, 2008, to October 18, 2012. Inclu-
sion criteria were age older than 18 years, histologically veri-
fied pancreatic cancer (pancreatic ductal adenocarcinoma) in
a resection specimen, a computed tomographic (CT) scan show-
ing a solid mass in the pancreas in patients not undergoing sur-
gery, and histology or cytology from this primary tumor or his-
tology from a liver metastasis that confirmed the diagnosis of
adenocarcinoma.

The patients included in the BIOPAC study were all con-
secutive patients who met inclusion criteria and agreed to par-
ticipate. Blood samples were taken before treatment, during
treatment, and at follow-up. All patients provided written in-
formed consent. The study was approved by the regional eth-
ics committee (VEK ref KA-20060113).

Healthy participants were included from the Danish corps
of volunteer blood donors, Aalborg University Hospital. Pa-
tients with chronic pancreatitis were included in the BIOPAC
study because of suspected pancreatic cancer. Diagnoses were
made by means of imaging techniques (CT, magnetic reso-
nance, or ultrasound) or on the basis of histological findings
(patients with chronic pancreatitis who received surgery).

More details of the design of the study appear in Figure 1.
Pretreatment blood samples from patients included in the
BIOPAC study until June 30, 2012, were allocated in chrono-
logical order to the discovery cohort from centers 1 and 6 and
to the training cohort from all 6 participating centers. Pa-
tients with pancreatic cancer included after June 30, 2012, and
patients with other periampullary cancers were allocated to
the validation cohort. We used the discovery cohort for screen-
ing (ie, reducing the number of candidate microRNAs for fur-
ther investigation). Potential microRNAs were measured in the
training cohort and used for the derivation of diagnostic indi-
ces. In addition, the predictive performance was investigated
in the validation cohort.

The microRNA was purified from pretreatment whole
blood samples collected in PAXgene blood RNA tubes
(Qiagen). microRNA expression analysis used preconfigured
TaqMan Human microRNA assay (Applied Biosystem; 754
human microRNAs tested) in the discovery cohort. To
increase the number of patients and healthy participants and
to increase the number of replicates of each microRNA, the
FluidigmBioMark System was used in the training cohort (38
microRNAs tested in duplicates or triplicates) and the valida-
tion cohort (13 microRNAs tested in 7 or 8 replicates). This
system can perform multiple simultaneous real-time poly-
merase chain reaction experiments running TaqMan assays.
More information appears in the Supplement (eText, see
Methods and Statistics and eTable 1).

For the discovery cohort, the raw cycle threshold values
(the polymerase chain reaction cycle at which the sample
reaches the level of detection or the point at which a reaction
reaches a fluorescent intensity above background) for each
microRNA were normalized to remove technical bias. To mini-
mize the risk of false-positive results in the evaluation of the
754 microRNAs in the discovery cohort due to multiple test-
ing, we applied an overall test of association by means of the
Kolmogorov-Smirnov method followed by a test of indi-
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vidual microRNA at a .001 significance level. The missing val-
ues effect was analyzed with imputation (eText, see Statistics
and eFigure 1 in the Supplement).

For the training and validation cohorts, the association be-
tween microRNA expression and case-control status was es-
timated by means of bivariable and multivariable logistic re-
gression (including serum CA19-9 cutoff level of >37 KU/L or
≤37 KU/L). In the logistic regression model, we assumed a lin-
ear association between the continuous cycle threshold val-
ues and disease status on the logit scale.

Based on microRNAs that were significant in the training
cohort, we suggested 2 diagnostic indices. Index I consists of
4 selected microRNAs and is designed to be robust to techni-
cal variation and contains no model parameters. Index II in-
cludes all significant microRNAs from a multivariable model
and corresponds to the upper limit in terms of training and is
thus potentially overfitted.

Using indices I and II, we evaluated and presented the per-
formance for the discovery, training, and validation cohorts by
means of sensitivity, specificity, area under the curve (AUC),
and corresponding 95% confidence intervals. For both indi-
ces, we considered the performance by defining a cutoff cor-
responding to fixing the sensitivity to 0.85 to handle the dif-
ference in setup between studies (ie, finding the value in which
85% of the cases are correctly classified). We also tested the
performance by including serum CA19-9 in the indices.

In all analyses, R version 2.14.0 (R Foundation for Statis-
tical Computing, http://www.R-project.org), 2-sided tests, and
a significance level of .05 were used. If not stated otherwise,
we considered all patients with pancreatic cancer as a single

group regardless of stage. Detailed statistical information ap-
pears in the Supplement (eText, see Statistics).

Results
The characteristics of the study participants are presented in
Table 1. There were 409 patients with pancreatic cancer in-
cluded from the Danish BIOPAC study. Blood samples in-
cluded all pretreatment samples taken before surgery for pa-
tients with resectable tumors (n = 44) and before chemotherapy
for patients with unresectable tumors (n = 365). The controls
included 25 patients with chronic pancreatitis and 312 healthy
participants. Due to restrictions in the sampling of healthy par-
ticipants, there was a significant difference in age (P < .001) be-
tween patients with pancreatic cancer and healthy partici-
pants and patients with chronic pancreatitis (mean difference,
10.08 years [95% CI, 8.17-11.98 years] in the discovery cohort;
22.22 years [95% CI, 19.82-24.62 years] in the training cohort;
and 10.00 years [95% CI, 7.30-12.70 years] in the validation co-
hort). The purification and microRNA assay quality results ap-
pear in the Supplement (eText, see Results).

In the discovery cohort, multivariable analysis demon-
strated that 38 microRNAs had the potential to separate pa-
tients with pancreatic cancer from healthy participants and pa-
tients with chronic pancreatitis by at least 1 of 5 normalization
methods (eTable 2 in Supplement). Fourteen of these
microRNAs were found by 2, 3, or 4 of the normalization meth-
ods (ie, high expression of miR-34a, miR-122, miR-145, miR-
199b-5p, miR-582-3p, miR-769-5p, and miR-885-5p; and low

Figure 1. Study Design

610 Patients and healthy participants with
microRNA samples from July 2008-June 2012
342 Cases of pancreatic

cancer or chronic pancreatitis from
BIOPAC study

268 Healthy participants from Danish
corps of volunteer blood donors

747 Patients and healthy participants with whole blood RNA samples
435 Cases suspected for pancreatic cancer and included in the Biomarkers

in Patients with Pancreatic Cancer (BIOPAC) study
312 Healthy participants from the Danish corps of volunteer blood donors

Discovery cohort
161 Samples from BIOPAC study

(centers 1 and 6)
143 Cases of confirmed pancreatic cancer

18 Cases of chronic pancreatitis
69 Healthy participants

Training cohort
181 Samples from BIOPAC study

(all centers)
180 Cases of confirmed pancreatic cancer

1 Case of chronic pancreatitis
199 Healthy participants

Validation cohort a

93 Samples from BIOPAC study
(after June 2012; all centers)
86 Cases of confirmed pancreatic cancer

7 Cases of chronic pancreatitis
44 Healthy participants

4 Outliers b
2 Pancreatic cancer
1 Chronic pancreatitis
1 Healthy participant

85 Controls
68 Healthy participants
17 Chronic pancreatitis

199 Controls (healthy
participants)

1 Excluded (chronic
pancreatitis)

141 Confirmed pancreatic
cancer

23 Resected
118 Not resected

180 Confirmed pancreatic
cancer

10 Resected
170 Not resected

aThere were also 33 other periampullary cancers analyzed as part of this cohort
study (15 ampullary, 12 distal common bile duct, and 6 duodenal).

bIndicates low RNA yield, low absorbance, and few detectable microRNAs.
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expression of miR-31, miR-31*, miR-93, miR-126*, miR-150,
miR-636, and miR-935). The relative expressions of the
microRNAs that were found to be significantly differently ex-
pressed between patients with pancreatic cancer and healthy
participants by at least 3 normalization methods are illus-
trated as box plots in eFigure 2 in the Supplement.

In the training cohort, 19 of the 36 microRNAs (2 of the 38
measured microRNAs were undetectable) selected from the
discovery cohort were validated by the Fluidigm method with
a P value of less than .05 (Table 2). The box plots of the rela-
tive expression of these microRNAs in patients with pancre-
atic cancer and healthy participants appear in eFigure 3 in the
Supplement. The microRNA comparisons between patients
with pancreatic cancer and healthy participants in all 3 co-
horts appear in eTable 3 in the Supplement.

Based on the results from the training cohort, 2 diagnos-
tic indices were developed. Index I was calculated as
miR-150 + miR-636 − miR-145 − miR-223. Index II was calcu-
lated as 6.9275 − (0.2134 × miR-122) − (0.3560 × miR-34a) −
(0.8577 × miR-145) + (1.0043 × miR-636) − (0.6725 ×
miR-223) + (0.7018 × miR-26b) − (0.3233 × miR-885.5p)
+ (1.1304 × miR-150) − (0.2204 × miR-126*) − (0.1730 ×
miR-505).

In the training cohort, the AUC was 0.86 (95% CI, 0.82-
0.90) for index I, 0.93 (95% CI, 0.90-0.96) for index II, and 0.90
(95% CI, 0.87-0.94) for serum CA19-9. In the discovery co-
hort, the AUC was 0.91 (95% CI, 0.87-0.94) for index I, 0.94 (95%
CI, 0.91-0.97) for index II, and 0.88 (95% CI, 0.83-0.93) for
CA19-9 when patients with pancreatic cancer were tested
against healthy participants. The box plots of indices I and II
using the whole blood samples from all 3 cohorts appear in
Figure 2.

In the discovery cohort, the AUC was 0.88 (95% CI, 0.85-
0.92) for index I, 0.93 (95% CI, 0.89-0.96) for index II, and 0.87
(95% CI, 0.82-0.92) for CA19-9. The AUC values, sensitivity,
specificity, and accuracy of the indices when patients with pan-
creatic cancer were tested against both healthy participants and
patients with chronic pancreatitis for all 3 cohorts appear in
Table 3. The diagnostic accuracies of the indices were signifi-
cantly improved by combining either of the indices with se-
rum CA19-9 in the discovery cohort (except AUC for index I
combined with CA19-9 for patients with pancreatic cancer vs
healthy participants), and in the training and the validation co-
horts (Table 3). Figure 3 shows receiver operating character-
istic curves for indices I and II alone and in combination with
serum CA19-9.

Table 1. Demographics of Patients and Healthy Participants in the Discovery, Training, and Validation Cohortsa

No. (%) of Patients and Healthy Participantsb

Discovery Cohort
(n = 230)

Training Cohort
(n = 379)

Validation Cohort
(n = 137)

Pancreatic cancer 143 (62) 180 (47) 86 (63)

Sex

Men 88 (61.5) 102 (56.7) 49 (57)

Women 55 (38.5) 78 (43.3) 37 (43)

Age, median (range), y 65 (38-75) 68 (37-89) 67 (46-86)

Resection of tumors

Yes 23 (16.0) 10 (5.6) 11 (12.8)

No 120 (84.0) 170 (94.4) 75 (87.2)

Cancer stage

IA 3 (2.1) 2 (1.1) 1 (1.2)

IB 2 (1.4) 2 (1.1) 0

IIA 11 (7.7) 7 (3.9) 1 (1.2)

IIB 14 (9.8) 15 (8.3) 12 (14.0)

III 26 (18.2) 44 (24.4) 22 (25.6)

IV 87 (60.8) 107 (59.4) 50 (58.1)

Unknown 0 3 (1.7) 0

Serum CA19-9, median (range), KU/L 791 (3-608 500) 508 (1-467 000) 435 (2-182 300)

Chronic pancreatitis 18 (8) 0 7 (5)

Sex

Men 13 (72.2) 3 (42.9)

Women 5 (27.8) 4 (57.1)

Age, median (range), y 54 (33-67) 56 (47-85)

Serum CA19-9, median (range), KU/L 27 (3-1134) 41 (3-159)

Healthy participants 69 (30) 199 (53) 44 (32)

Sex

Men 31 (44.9) 95 (47.7) 22 (50.0)

Women 38 (55.1) 104 (52.3) 22 (50.0)

Age, median (range), y 53 (33-66) 50 (18-66) 55 (41-65)

Serum CA19-9, median (range), KU/L 4 (3-40)

Abbreviation: CA19-9, cancer antigen
19-9.
a More information is provided in the

Supplement (eText, see Patients).
b Unless otherwise indicated.
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Table 2. Prediction by microRNA of Patients With Pancreatic Cancer vs Healthy Participants (Controls) in the Training Cohort and vs Those With
Chronic Pancreatitis Plus Controls in the Validation Cohort

MicroRNA

Training Cohort
Patients With Pancreatic Cancer vs Controls

Validation Cohorta

Patients With Pancreatic Cancer vs
Controls + Chronic Pancreatitis Patients With Pancreatic Cancer vs Controls

Unadjusted
OR

(95% CI)b
P

Value

Adjusted
OR

(95% CI)c
P

Value

Unadjusted
OR

(95% CI)b
P

Value

Adjusted
OR

(95% CI)c
P

Value

Unadjusted
OR

(95% CI)b
P

Value

Adjusted
OR

(95% CI)c
P

Value
Let-7g 1.04

(0.95-1.15)
.38 0.70

(0.55-0.89)
.004 0.74

(0.63-0.85)
<.001 0.74

(0.61-0.89)
.002 0.70

(0.59-0.81)
<.001 0.59

(0.42-0.76)
<.001

miR-9* 0.90
(0.79-1.03)

.13 0.77
(0.57-1.01)

.07

miR-19b 1.08
(0.95-1.25)

.24 1.23
(0.98-1.61)

.09

miR-23a 0.73
(0.64-0.82)

<.001 1.02
(0.83-1.24)

.86

miR-24-2* 0.95
(0.80-1.14)

.60 1.20
(0.87-1.73)

.28

miR-26b 1.06
(0.94-1.19)

.36 0.61
(0.44-0.82)

.002 0.65
(0.54-0.76)

<.001 0.66
(0.52-0.80)

<.001 0.61
(0.50-0.73)

<.001 0.53
(0.37-0.70)

<.001

miR-30b 1.10
(0.93-1.31)

.28 1.11
(0.86-1.43)

.39 0.76
(0.57-1.01)

.06 0.75
(0.50-1.11)

.15 0.80
(0.58-1.08)

.15 0.75
(0.46-1.24)

.27

miR-31 1.48
(1.32-1.68)

<.001 1.10
(0.89-1.38)

.38 1.04
(0.87-1.25)

.65 1.04
(0.81-1.34)

.76 1.00
(0.83-1.21)

.99 0.91
(0.68-1.23)

.54

miR-31* 1.00
(0.82-1.22)

.99 1.05
(0.72-1.52)

.80

miR-34a 0.72
(0.63-0.81)

<.001 0.63
(0.48-0.81)

<.001 0.71
(0.56-0.88)

.003 0.64
(0.46-0.86)

.004 0.74
(0.58-0.92)

.01 0.62
(0.42-0.88)

.01

miR-93 1.09
(0.96-1.24)

.18 0.76
(0.56-1.02)

.07

miR-122 0.74
(0.65-0.82)

<.001 0.78
(0.59-0.98)

.046 0.92
(0.73-1.14)

.45 1.20
(0.83-1.77)

.33 0.86
(0.65-1.10)

.23 0.92
(0.53-1.55)

.76

miR-126* 1.01
(0.94-1.08)

.76 0.71
(0.58-0.84)

<.001 0.71
(0.60-0.82)

<.001 0.71
(0.57-0.85)

.001 0.67
(0.55-0.79)

<.001 0.63
(0.46-0.80)

.001

miR-128 0.67
(0.54-0.83)

<.001 1.19
(0.77-1.82)

.43

miR-143 0.73
(0.66-0.80)

<.001 0.77
(0.63-0.93)

.008

miR-144* 0.97
(0.92-1.03)

.38 0.81
(0.71-0.93)

.003

miR-145 0.67
(0.58-0.78)

<.001 0.82
(0.62-1.04)

.13 0.57
(0.40-0.78)

.001 0.61
(0.39-0.92)

.02 0.58
(0.40-0.82)

.003 0.72
(0.44-1.14)

.17

miR-150 1.76
(1.46-2.15)

<.001 1.13
(0.85-1.50)

.37 2.20
(1.41-3.61)

.001 1.71
(1.03-3.06)

.05 3.02
(1.80-5.47)

<.001 2.68
(1.30-6.01)

.01

miR-186 1.02
(0.90-1.15)

.78 1.17
(0.98-1.48)

.12

miR-199b-5p 0.93
(0.82-1.05)

.25 1.07
(0.83-1.39)

.59

miR-223 0.49
(0.37-0.64)

<.001 0.71
(0.40-1.08)

.21 0.59
(0.44-0.78)

<.001 0.62
(0.43-0.89)

.01 0.60
(0.45-0.80)

.001 0.62
(0.40-0.94)

.03

miR-223* 0.86
(0.77-0.96)

.008 0.69
(0.53-0.89)

.006

miR-342-5p 1.28
(1.12-1.48)

<.001 1.34
(1.02-1.79)

.04

miR-345 0.80
(0.67-0.96)

.02 0.97
(0.68-1.35)

.84

miR-362-3p 0.99
(0.89-1.10)

.82 1.22
(0.98-1.54)

.09

miR-505 0.74
(0.62-0.86)

<.001 0.64
(0.43-0.92)

.02 0.53
(0.39-0.69)

<.001 0.50
(0.33-0.73)

.001 0.48
(0.34-0.64)

<.001 0.34
(0.17-0.58)

<.001

miR-508-3p 1.15
(0.52-2.80)

.73 1.20
(0.17-14.42)

.84

miR-539 1.00
(0.92-1.08)

.98 1.08
(0.92-1.27)

.33

miR-582-3p 0.82
(0.71-0.94)

.005 0.83
(0.61-1.09)

.19

miR-625 0.80
(0.73-0.88)

<.001 0.96
(0.80-1.14)

.63

miR-628-3p 0.99
(0.89-1.09)

.77 1.00
(0.80-1.24)

.98

(continued)
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Figure 2. Box Plots of Indices I and II Using the Whole Blood Samples From the Discovery, Training, and Validation Cohorts
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The horizontal line in the middle of each box indicates the median, whereas the
top and bottom borders of the box mark the 75th and 25th percentiles,
respectively. The whiskers above and below the box extend to the most
extreme point no longer than 1.5 times the interquartile range from the box. The
points beyond the whiskers are outliers. Index I includes miR-150, miR-636,

miR-145, miR-223. Index II includes miR-26b, miR-34a, miR-122, miR-126*,
miR-145, miR-150, miR-223, miR-505, miR-636, miR-885.5p. P < .001 for all
comparisons (healthy participants vs patients with cancer for indices I and II for
each cohort).

Table 2. Prediction by microRNA of Patients With Pancreatic Cancer vs Healthy Participants (Controls) in the Training Cohort and vs Those With
Chronic Pancreatitis Plus Controls in the Validation Cohort (continued)

MicroRNA

Training Cohort
Patients With Pancreatic Cancer vs Controls

Validation Cohorta

Patients With Pancreatic Cancer vs
Controls + Chronic Pancreatitis Patients With Pancreatic Cancer vs Controls

Unadjusted
OR

(95% CI)b
P

Value

Adjusted
OR

(95% CI)c
P

Value

Unadjusted
OR

(95% CI)b
P

Value

Adjusted
OR

(95% CI)c
P

Value

Unadjusted
OR

(95% CI)b
P

Value

Adjusted
OR

(95% CI)c
P

Value
miR-636 1.62

(1.39-1.92)
<.001 1.84

(1.35-2.61)
<.001 2.81

(1.83-4.62)
<.001 2.04

(1.28-3.49)
.005 3.89

(2.32-7.23)
<.001 2.71

(1.47-5.74)
.004

miR-769-5p 0.80
(0.71-0.89)

<.001 1.06
(0.81-1.39)

.69

miR-885-5p 0.67
(0.58-0.77)

<.001 0.79
(0.58-1.08)

.14 0.62
(0.49-0.78)

<.001 0.71
(0.52-0.93)

.02 0.61
(0.46-0.77)

<.001 0.65
(0.46-0.91)

.01

miR-935 1.23
(1.09-1.40)

.001 1.17
(0.91-1.49)

.21

miR-941 0.87
(0.68-1.11)

.25 0.89
(0.47-1.36)

.61

Abbreviation: OR, odds ratio.
a Empty cells correspond to microRNAs that were not measured.
b The ORs are reported per 1 cycle threshold increase.

c Adjusted for cancer antigen 19-9 or serum level of greater than 37 KU/L or less
than or equal to 37 KU/L.
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Table 3. Performance of Indices I and II and Serum Cancer Antigen 19-9 in the Differential Diagnosis of Pancreatic Cancer From Healthy Participants
(Controls) and Patients With Chronic Pancreatitis (CP)

Test and
Type of
Patients
by Cohort

Designed
Sensitivitya Cutoff

Sensitivity
(95% CI)a

Specificity
(95% CI)

Accuracy
(95% CI)

AUC
(95% CI)

True
Positive

True
Negative

False-
Positive

False-
Negative

Index I

Discovery

Controls + CP 0.85 1.44 0.85
(0.78 to

0.90)

0.73
(0.63 to

0.82)

0.80
(0.74 to

0.85)

0.88
(0.85 to

0.92)

121 71 26 22

Controls 0.85 1.44 0.85
(0.78 to

0.90)

0.81
(0.71 to

0.89)

0.83
(0.78 to

0.88)

0.91
(0.87 to

0.94)

121 64 15 22

CP 0.85 1.44 0.85
(0.78 to

0.90)

0.39
(0.17 to

0.64)

0.80
(0.72 to

0.85)

0.77
(0.65 to

0.87)

121 7 11 22

Training

Controls 0.85 1.34 0.85
(0.79 to

0.90)

0.64
(0.57 to

0.71)

0.74
(0.69 to

0.79)

0.86
(0.82 to

0.90)

153 128 71 27

Validation

Controls + CP 0.85 1.00 0.85
(0.76 to

0.92)

0.45
(0.31 to

0.60)

0.70
(0.62 to

0.78)

0.83
(0.76 to

0.90)

73 23 28 13

Controls 0.85 1.00 0.85
(0.76 to

0.92)

0.48
(0.33 to

0.63)

0.72
(0.64 to

0.78)

0.83
(0.76 to

0.90)

73 21 23 13

CP 0.85 1.00 0.85
(0.76 to

0.92)

0.29
(0.04 to

0.71)

0.81
(0.71 to

0.88)

0.78
(0.65 to

0.89)

73 2 5 13

CA19-9

Discovery

Controls + CP 37 0.88
(0.82 to

0.93)

0.92
(0.84 to

0.96)

0.90
(0.85 to

0.93)

0.87
(0.82 to

0.92)

126 89 8 17

Controls 37 0.88
(0.82 to

0.93)

1.00
(0.95 to

1.00)

0.92
(0.88 to

0.93)

0.88
(0.83 to

0.93)

126 79 0 17

CP 37 0.88
(0.82 to

0.93)

0.56
(0.31 to

0.79)

0.85
(0.78 to

0.90)

0.83
(0.74 to

0.90)

126 10 8 17

Training

Controls 37 0.86
(0.80 to

0.90)

0.99
(0.96 to

1.00)

0.93
(0.75 to

0.95)

0.90
(0.87 to

0.94)

154 197 2 26

Validation

Controls + CP 37 0.79
(0.69 to

0.87)

0.88
(0.76 to

0.96)

0.83
(0.75 to

0.88)

0.89
(0.83 to

0.95)

68 45 6 18

Controls 37 0.79
(0.69 to

0.87)

0.96
(0.85 to

0.99)

0.85
(0.77 to

0.90)

0.91
(0.86 to

0.96)

68 42 2 18

CP 37 0.79
(0.69 to

0.87)

0.43
(0.10 to

0.82)

0.76
(0.66 to

0.85)

0.78
(0.66 to

0.88)

68 3 4 18

Index I and CA19-9

Discovery

Controls + CP 0.85 −0.22 0.85
(0.78 to

0.90)

0.93
(0.86 to

0.97)

0.88
(0.83 to

0.92)

0.88
(0.83 to

0.93)

121 90 7 22

Controls 0.85 −0.22 0.85
(0.78 to

0.90)

0.99
(0.93 to

1.00)

0.90
(0.85 to

0.93)

0.89
(0.84 to

0.93)

121 78 1 22

CP 0.85 −0.22 0.85
(0.78 to

0.90)

0.67
(0.41 to

0.87)

0.83
(0.76 to

0.88)

0.85
(0.77 to

0.92)

121 12 6 22

Training

Controls 0.85 −0.36 0.85
(0.79 to

0.90)

0.95
(0.90 to

0.97)

0.90
(0.87 to

0.93)

0.93
(0.90 to

0.96)

153 188 11 27

(continued)
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Table 3. Performance of Indices I and II and Serum Cancer Antigen 19-9 in the Differential Diagnosis of Pancreatic Cancer From Healthy Participants
(Controls) and Patients With Chronic Pancreatitis (CP) (continued)

Test and
Type of
Patients
by Cohort

Designed
Sensitivitya Cutoff

Sensitivity
(95% CI)a

Specificity
(95% CI)

Accuracy
(95% CI)

AUC
(95% CI)

True
Positive

True
Negative

False-
Positive

False-
Negative

Validation

Controls + CP 0.85 0.32 0.85
(0.76 to

0.92)

0.88
(0.76 to

0.96)

0.86
(0.79 to

0.91)

0.93
(0.88 to

0.97)

73 45 16 13

Controls 0.85 0.32 0.85
(0.76 to

0.92)

0.98
(0.88 to

1.00)

0.89
(0.83 to

0.94)

0.94
(0.90 to

0.98)

73 43 1 13

CP 0.85 0.32 0.85
(0.76 to

0.92)

0.29
(0.04 to

0.71)

0.81
(0.71 to

0.88)

0.83
(0.74 to

0.92)

73 2 5 13

Index II

Discovery

Controls + CP 0.85 1.22 0.85
(0.78 to

0.90)

0.86
(0.77 to

0.92)

0.85
(0.80 to

0.89)

0.93
(0.89 to

0.96)

121 83 14 22

Controls 0.85 1.22 0.85
(0.78 to

0.90)

0.89
(0.79 to

0.95)

0.86
(0.81 to

0.90)

0.94
(0.91 to

0.97)

121 70 9 22

CP 0.85 1.22 0.85
(0.78 to

0.90)

0.72
(0.47 to

0.83)

0.83
(0.77 to

0.89)

0.84
(0.75 to

0.92)

121 13 5 22

Training

Controls 0.85 −0.31 0.85
(0.79 to

0.90)

0.85
(0.80 to

0.85)

0.85
(0.81 to

0.89)

0.93
(0.90 to

0.96)

153 170 29 27

Validation

Controls + CP 0.85 0.80 0.85
(0.76 to

0.92)

0.51
(0.37 to

0.65)

0.72
(0.64 to

0.80)

0.81
(0.73 to

0.87)

73 26 25 13

Controls 0.85 0.80 0.85
(0.76 to

0.92)

0.55
(0.39 to

0.70)

0.75
(0.66 to

0.82)

0.82
(0.75 to

0.89)

73 24 20 13

CP 0.85 0.80 0.85
(0.76 to

0.92)

0.29
(0.04 to

0.71)

0.81
(0.71 to

0.88)

0.75
(0.60 to

0.89)

73 2 5 13

Index II and CA19-9

Discovery

Controls + CP 0.85 0.71 0.85
(0.78 to

0.90)

0.97
(0.91 to

0.99)

0.90
(0.85 to

0.93)

0.95
(0.92 to

0.98)

121 94 3 22

Controls 0.85 0.71 0.85
(0.78 to

0.90)

0.99
(0.93 to

1.00)

0.90
(0.85 to

0.96)

0.96
(0.93 to

0.98)

121 78 1 22

CP 0.85 0.71 0.85
(0.78 to

0.90)

0.89
(0.65 to

0.99)

0.85
(0.79 to

0.90)

0.91
(0.86 to

0.96)

121 16 2 22

Training

Controls 0.85 0.83 0.85
(0.79 to

0.90)

0.98
(0.95 to

0.99)

0.92
(0.89 to

0.94)

0.97
(0.95 to

0.98)

153 195 4 27

Validation

Controls + CP 0.85 0.54 0.85
(0.76 to

0.92)

0.86
(0.74 to

0.94)

0.85
(0.78 to

0.94)

0.92
(0.87 to

0.96)

73 44 7 13

Controls 0.85 0.54 0.85
(0.76 to

0.92)

0.90
(0.75 to

0.96)

0.86
(0.79 to

0.92)

0.93
(0.89 to

0.97)

73 39 5 13

CP 0.85 0.54 0.85
(0.76 to

0.92)

0.71
(0.29 to

0.96)

0.84
(0.75 to

0.91)

0.85
(0.77 to

0.93)

73 5 2 13

Abbreviations: AUC, area under curve; CA19-9, cancer antigen 19-9.
a For all indices except CA19-9, we considered the performance by defining a

cutoff value corresponding to fixing the sensitivity to 0.85 (ie, we found the
value of each index such that 85% of the patients with pancreatic cancer were

classified as cases). Use of different cutoffs was needed to handle the
differences in setup between the training cohort and the validation cohort. For
CA19-9, we used the standard cutoff of 37 KU/L.
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Box plots of the relative expression in the training cohort
of the 10 microRNAs included in the indices for patients with
pancreatic cancer and healthy participants appear in eFigure

4 in the Supplement. The indices for different tumor stages ap-
pear in eFigure 5 in the Supplement; no association between
indices and age was found (eFigure 6 in Supplement). No as-

Figure 3. Reciever Operating Characteristic Curves for Performance of Indices I and II and in Combination With
Serum Cancer Antigen 19-9 in the Discovery, Training, and Validation Cohorts

0

1.0

0.8

Se
ns

iti
vi

ty 0.6

0.4

0.2

0

1.0 0.8 0.6 0.20.4 0

0.2 0.4 0.6 0.8 1.0

1 –Specificity

Specificity

0

1.0

0.8

Se
ns

iti
vi

ty 0.6

0.4

0.2

0

1.0 0.8 0.6 0.20.4 0

0.2 0.4 0.6 0.8 1.0

1 –Specificity

Specificity

Index I (AUC = 0.83)
CA 19-9 (AUC = 0.89)
Index I + CA 19-9 (AUC = 0.93)

Index II (AUC = 0.81)
CA 19-9 (AUC = 0.89)
Index II + CA 19-9 (AUC = 0.92)

Index I Index II
Validation cohortC

0

1.0

0.8

Se
ns

iti
vi

ty 0.6

0.4

0.2

0

1.0 0.8 0.6 0.20.4 0

0.2 0.4 0.6 0.8 1.0

1 –Specificity

Specificity

0

1.0

0.8

Se
ns

iti
vi

ty 0.6

0.4

0.2

0

1.0 0.8 0.6 0.20.4 0

0.2 0.4 0.6 0.8 1.0

1 –Specificity

Specificity

Index I (AUC = 0.86)
CA 19-9 (AUC = 0.90)
Index I + CA 19-9 (AUC = 0.93)

Index II (AUC = 0.93)
CA 19-9 (AUC = 0.90)
Index II + CA 19-9 (AUC = 0.97)

Index I Index II
Training cohortB

0

1.0

0.8

Se
ns

iti
vi

ty 0.6

0.4

0.2

0

1.0 0.8 0.6 0.20.4 0

0.2 0.4 0.6 0.8 1.0

1 –Specificity

Specificity

0

1.0

0.8

Se
ns

iti
vi

ty 0.6

0.4

0.2

0

1.0 0.8 0.6 0.20.4 0

0.2 0.4 0.6 0.8 1.0

1 –Specificity

Specificity

Index I (AUC = 0.88)
CA 19-9 (AUC = 0.87)
Index I + CA 19-9 (AUC = 0.88)

Index II (AUC = 0.92)
CA 19-9 (AUC = 0.87)
Index II + CA 19-9 (AUC = 0.95)

Index I Index II
Discovery cohortA

AUC indicates area under curve;
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legend of Figure 2 for definitions of
indicies I and II.
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sociation between indices and sex was found for patients with
pancreatic cancer, but a significant association with sex was
found for healthy participants in the training cohort with in-
dex I (mean score of 0.31 [95% CI, 0.18-0.43]; P < .001) and with
index II (mean score of 0.68 [95% CI, 0.14-1.22], P = .01) (eFig-
ure 6 in Supplement).

Both indices correlated with counts of white blood cells
(index I, ρ = 0.63; index II, ρ = 0.48), granulocytes (index I,
ρ = 0.66; index II, ρ = 0.53), and platelets (index I ρ = 0.43; in-
dex II ρ = 0.28) (all comparisons yielded P < .001).

In the validation cohort, 13 microRNAs (of which 10 met
the .05 significance level in both the discovery and training
cohorts) were measured and 10 met the significance criteria
of P < .05 in this final validation (Table 2). The sensitivity,
specificity, accuracy, and AUC of indices I and II tested in
the validation cohort appear in Table 3. Using the indices to
compare patients with pancreatic cancer with healthy par-
ticipants, the AUC was 0.83 (95% CI, 0.76-0.90) for index I,
0.82 (95% CI, 0.75-0.89) for index II, and 0.91 (95% CI, 0.86-
0.96) for CA19-9. If the indices were combined with serum
CA19-9, the AUC increased (index I and CA19-9: 0.94 [95%
CI, 0.90-0.98]; index II and CA-19-9: 0.93 [95% CI, 0.89-
0.97]; Figure 3 and Table 3).

The sensitivity of indices was fixed at 0.85, and thus 85%
(73/86) of patients with pancreatic cancer had a correct diag-
nosis using index I or II with or without serum CA19-9. In the
validation cohort, 29% of patients with chronic pancreatitis had
a correct diagnosis using index I or II with or without CA19-9.
Of the healthy participants, 48% and 54% had a correct diag-
nosis using index I or II, increasing to 98% and 89% in com-
bination with CA19-9. Index I in combination with CA19-9 im-
proved AUC significantly compared with CA19-9 alone in the
validation cohort of patients with pancreatic cancer vs healthy
participants and patients with chronic pancreatitis (P = .01).
The combination of index II and CA19-9 also improved AUC
compared with CA19-9 alone, although this improvement was
not significant (P = .15). Further results appear in eTable 4 in
the Supplement.

Results for discrimination between patients with other
periampullary cancers and healthy participants appear in the
Supplement (eText, see Results and eFigure 7).

To assess the performance of the indices in a sufficient
number of cases of pancreatic cancer vs healthy participants,
we combined patients with low-stage pancreatic cancer (stages
I and II) from the 3 study cohorts. The performances of indi-
ces I and II were compared with serum CA19-9 alone or com-
bined with CA19-9 using the cutoff values defined in Table 3.

For CA19-9, the AUC was 0.81 (95% CI, 0.73-0.88), the sen-
sitivity was 0.74 (95% CI, 0.62-0.84), the specificity was 0.99
(95% CI, 0.97-1.00), and the accuracy was 0.94 (95% CI, 0.92-
0.96).

For index I, the AUC was 0.80 (95% CI, 0.73-0.87), the sen-
sitivity was 0.77 (95% CI, 0.66-0.86), the specificity was 0.66
(95% CI, 0.61-0.71), and the accuracy was 0.68 (95% CI, 0.63-
0.73). For CA19-9 and index I, the AUC was 0.83 (95% CI, 0.76-
0.90), the sensitivity was 0.74 (95% CI, 0.62-0.84), the speci-
ficity was 0.96 (95% CI, 0.93-0.98), and the accuracy was 0.92
(95% CI, 0.89-0.95).

For index II, the AUC was 0.91 (95% CI, 0.87-0.94), the sen-
sitivity was 0.80 (95% CI, 0.69-0.89), the specificity was 0.82
(95% CI, 0.77-0.86), and the accuracy was 0.82 (95% CI, 0.77-
0.85). For CA19-9 and index II, the AUC was 0.91 (95% CI, 0.86-
0.95), the sensitivity was 0.73 (95% CI, 0.61-0.83), the speci-
ficity was 0.97 (95% CI, 0.94-0.99), and the accuracy was 0.93
(95% CI, 0.90-0.95). eTable 5 in the Supplement provides re-
sults for patients with stage I and stage II pancreatic cancer and
also as a combined group.

Discussion
Sensitive and specific biomarkers to identify patients with pan-
creatic cancer at an early stage are needed. This study de-
scribes 2 novel panels of microRNA for diagnosing pancreatic
cancer using the combination of 4 or 10 microRNAs in whole
blood.

When this microRNA biomarker study was designed in
2008, the aim was to identify microRNAs in whole blood that
could identify pancreatic cancer (local, locally advanced, and
metastatic disease) in individuals thought to be healthy. We
first wanted to test the extremes (ie, patients with known pan-
creatic cancer vs healthy blood donors) because if panels of
microRNA could not differentiate patients with pancreatic can-
cer and high tumor burden from these healthy individuals, it
would be difficult to develop a diagnostic microRNA test for
patients with small tumors and low-stage cancer. In the fu-
ture, we will assess the accuracy of indices I and II in combi-
nation with serum CA19-9 in large cohorts of patients either
seen by a family physician or referred to hospitals on suspi-
cion of cancer or pancreatic cancer and assess whether it is pos-
sible to identify patients with pancreatic cancer at an early
stage.

The microRNA candidates were selected in the discovery
cohort in which the expressions of 754 microRNAs were tested.
The indices were then developed using results from a train-
ing cohort in which the diagnostic ability was increased by the
data-driven index II based on 10 microRNAs. In addition, both
indices were validated in the discovery and validation co-
horts.

Index II performed better than index I in the training co-
hort, but the indices performed almost identically in the vali-
dation cohort. The data-driven index II may have a tendency
to overfit the data and lose power when tested in other popu-
lations (eg, as seen in the validation cohort), whereas index I
was designed to reduce the influence from technical varia-
tion and is thus more robust.

Both indices performed better (according to AUC results)
than serum CA19-9 in the discovery cohort; index II was also
the best index in the training cohort. However, CA19-9 had the
highest diagnostic accuracy compared with the indices alone
in the validation cohort. When patients with pancreatic can-
cer were compared with healthy participants in the training
cohort, the combination of index I and CA19-9 increased AUC
(0.93) significantly compared with CA19-9 alone (0.90). The
combination of index II and CA19-9 did not significantly in-
crease AUC (0.97).
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Although the increase in AUC was modest, combining
CA19-9 with each of the indices increased the AUC in all 3 co-
horts compared with CA19-9 alone. However, the increase in
AUC was only significant for index I (pancreatic cancer vs
healthy participants and patients with pancreatic cancer vs
healthy participants plus patients with chronic pancreatitis)
(Figure 3 and Table 3; eTable 4 in Supplement).23 Figure 2 shows
that the indices do achieve some separation of pancreatic can-
cer from healthy participants but not a complete separation,
as also indicated by the performance of the indices.

Although the analyses do not show that these microRNA
panels provide significant information over serum CA19-9, they
raise the possibility that the indices could be useful in combi-
nation with CA19-9 or in situations in which CA19-9 is nor-
mal. All microRNAs included in index I were present in index
II but with different weights. This suggests that index I is the
best panel to be tested in combination with serum CA19-9 in
future large case-control studies.

Our findings of significantly dysregulated microRNAs in
the discovery cohort were consistent through the training and
validation cohorts. The results obtained with our indices are
similar, particularly when combined with CA19-9. There is also
agreement with the only other study of whole blood microRNA
expression profiles in patients with pancreatic cancer.13 Oth-
ers have reported a microRNA classifier in serum for pancre-
atic cancer with an accuracy of 83.6%, which was higher than
CA19-9 (56.4%),17 and a combination of 2 microRNAs in plasma
with serum CA19-9 (AUC of 0.98), but this panel has not been
validated.16

Several of the microRNAs found to be dysregulated in
whole blood from patients with pancreatic cancer are associ-
ated with tumor or stem cell biology (let7g, miR-34a, miR-
122, miR-145, miR-150, miR-223, miR-636).24-33 The let-7 fam-
ily is dysregulated in many types of cancer and is involved in
Ras and Myc oncogene signaling and in JAK pathways.24 The
miR-34a has been found to be related to cell cycle, differen-
tiation, and apoptosis, regulation of p53 tumor suppressor func-
tion, and also dysregulation in plasma from patients with co-
lorectal and breast cancer.25-35 The miR-636 has been found to
be involved in Ras signaling.33

Circulating microRNAs in whole blood can originate from
distant sites of tissue damage, such as solid cancers and in-
flammatory foci, and from the neutrophils, monocytes, plate-
lets, and mature red blood cells.36-38 Whether microRNAs in
blood from patients with pancreatic cancer also originate from
circulating pancreatic adenocarcinoma cells is not known. The
microRNA miR-223 in plasma is related to neutrophil and plate-
let counts and miR-150 is related to lymphocyte count.38 We
found that both indices correlated with leukocytes and plate-
let counts, whereas microRNAs from mature red blood cells
(miR-16, miR-92a, miR-451, miR-486)38,39 were not included
in our indices.

The strengths of our study are the relatively large num-
ber of patients and controls included in the discovery and train-
ing cohorts, the large number of microRNAs analyzed in the
discovery cohort for selection of microRNA candidates, and
the validation of the indices in 2 other populations using an-
other assay platform.

In the discovery cohort, we studied the sensitivity of re-
sults by applying different methods for normalization and im-
putation of missing values. In all experiments, we distrib-
uted samples such that factors like age, sex, and diagnosis were
balanced with respect to day of purification and day of analy-
sis or plate number and randomized within each day and plate.
This aspect is important to reduce confounding from techni-
cal variation such as plate-to-plate variation and variation due
to purification.

All 3 study populations came from the same Danish co-
hort, which is a limitation in relation to genetics, ethnicity, and
geography. A better control group would have been age-
matched patients included in the BIOPAC study with symp-
toms of pancreatic cancer in whom the pancreatic cancer di-
agnosis was ruled out. This group is small, but the performance
of both index I and index II in patients with chronic pancre-
atitis included in the BIOPAC study was reasonable.

A limitation of our study is that the outcome was con-
founded by age due to an upper limit of 67 years for Danish
volunteer healthy blood donors. Thus, cases were signifi-
cantly older than controls in all 3 cohorts. However, separate
analysis for cases and controls revealed no correlation be-
tween age and the 2 indices (eFigure 6 in Supplement). This
finding suggests that the indices might be useful diagnostic bio-
markers independent of age even under more realistic clini-
cal conditions (eg, in a population of elderly people with chronic
and inflammatory diseases and in patients either seen by a pri-
mary care physician or referred to the hospital for a pancre-
atic cancer diagnostic workup). However, the specificity re-
ported in this study may be an overestimate of the specificity
in an older control population (ie, may give more false-
positives).

To our knowledge, no effect estimates of microRNAs in
whole blood from patients with pancreatic cancer have pre-
viously been reported in the literature. A limitation of our study
is that it could not be designed with a statistical power that was
certain to detect differences in microRNA expression be-
tween patients with pancreatic cancer and healthy partici-
pants. Our study should therefore be seen as an exploratory
study.

We have included more than 400 patients with pancre-
atic cancer and 300 healthy participants, which to our knowl-
edge, is the largest study of microRNA in whole blood from pa-
tients with pancreatic cancer. The statistical precision is thus
evaluated in terms of magnitude of confidence intervals of ef-
fect estimates and in terms of predictive ability of the pro-
posed indices.

The use of a screening test with moderate diagnostic
accuracy in a low-prevalence population, such as patients
with pancreatic cancer, will result in a low positive predic-
tive value, meaning that many persons with a positive test
will not have cancer. It is likely that in a different control
population (eg, in older persons with chronic and inflamma-
tory diseases) that the specificity would be lower than in
our study. This limitation raises the question of whether the
test will be useful among typical patients. The harms of a
high number of false-positives in screening for pancreatic
cancer using an inexpensive, noninvasive blood sample
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from individuals with or without symptoms should be
quantified in the future.

However, pancreatic cancer is a very lethal disease, and
today most patients are diagnosed too late for surgery to be
performed. Late diagnosis of pancreatic cancer results from a
lack of early symptoms of the disease and the fact that even
late symptoms are often not characteristic for pancreatic
cancer.3,40 Although there is a risk of generating false-
positive test results using our panels of microRNAs in combi-
nation with serum CA19-9, the test could refer more individu-
als with characteristic or uncharacteristic symptoms to CT,
magnetic resonance, or ultrasound imaging. The test could
thereby diagnose more patients with pancreatic cancer, some
of them at an early stage, and thus have a potential to in-

crease the number of patients that can be operated on and pos-
sibly cured of pancreatic cancer.

Conclusions
This study identified 2 diagnostic microRNA panels in whole
blood that had the ability to distinguish, to a certain degree,
patients with pancreatic cancer from healthy younger con-
trols. Although we validated the panels, our findings are pre-
liminary. Further research is necessary to understand whether
these microRNAs have clinical implications as a screening test
for early detection of pancreatic cancer and how much this in-
formation adds to serum CA19-9.
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