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ABSTRACT

Objective: Endoscopic ultrasound-guided fine-needle aspiration/biopsy (EUS FNA/FNB) and potential
endoscopic retrograde cholangiopancreatography (ERCP) for biliary decompression are indicated in
patients with pancreatic cancer before initation of primary chemotherapy. This study aims to investigate
the performance and safety of these two procedures in patients with borderline resectable (BRPC) or
locally advanced pancreatic cancer (LAPC).

Methods: Endoscopy and pathology reports, and hospital records of consecutive patients with a radiological
diagnosis of BRPC/LAPC included in a population based, protocol-driven study (NORPACT-2) were reviewed.
Results: Of 251 patients, 223 (88.9%) underwent EUS-FNA/FNB, and 133 (53%) underwent ERCP.
Repeated EUS attempts were performed in 33 (14.8%), eight (3.6%), and four (1.8%) patients. FNA was
performed in 155 procedures, FNB in 30, and combined EUS-FNA/FNB in 83. Diagnostic accuracy was
86.1% for first EUS-FNA/FNB. The cumulative diagnostic accuracy for all attempts was 96%. False positive
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rate for malignancy was 0.9%. Of a total of 149 ERCP procedures, 122 (81.9%) were successful, and 27
(18.1%) were unsuccessful. Success rate of first ERCP attempt was 80.5% (107/133). Sixteen patients
(12%) underwent a second attempt with a success rate of 93.8% (15 of 16). Combined EUS and ERCP
was performed in 41 patients. Complications occurred in eight procedures (3%) after EUS-FNA/FNB, 23
procedures (15.3%) after ERCP, and four (9.8%) patients after combined EUS-FNA/FNB and ERCP.
Conclusion: EUS-FNA/FNB and ERCP with biliary stenting in patients with BRPC/LAPC demonstrated
acceptable performance and safety. Repeat procedures were performed with high success rates. Same
session EUS-FNA/FNB and ERCP for biliary decompression is safe.

Introduction FNB in terms of accuracy and sensitivity/specificity. EUS-FNB
has the advantage of procuring adequate tissue for genomic
testing [4]. In addition, many patients with BRPC and LAPC
require biliary drainage prior to commencing initial chemo-
therapy, for which endoscopic retrograde cholangiopancrea-
tography (ERCP) is the preferred approach [5].

This study aims to investigate the diagnostic performance
of EUS FNA/FNB and incidence of adverse advents in a
population-based, consecutive cohort of patients with BRPC
or LAPC. The secondary aim was to assess the technical suc-
cess rate of ERCP for stent insertion and the incidence of

complications after this procedure.

Pancreatic cancer is expected to be the second-leading cause of
cancer-related death by 2030 [1]. Clinical presentation varies
according to the size and location of the tumor, and more than
50% of the patients present with metastatic disease. Resection is
the only curative treatment. Multidetector computed tomogra-
phy (CT) angiography is considered the gold standard imaging
tool for staging, whereas magnetic resonance imaging (MRI) can
be a helpful supplement for characterization of CT-indeterminate
liver lesions to rule out potential metastases [2].

For patients with radiologically suspected borderline resect-
able (BRPC) or locally advanced pancreatic cancer (LAPC) a
prompt tissue diagnosis is needed to commence primary che-
motherapy. The primary role of endoscopic ultrasound (EUS) is

to procure tissue for cytological or histological diagnosis, but
EUS may also increase the sensitivity in detecting pancreatic
neoplasms [3]. In obtaining a definite diagnosis of pancreatic
cancer, uncertainty remains in terms of potential benefits of
fine-needle aspiration (FNA), biopsy (FNB) or combined FNA/

Material and methods
Study population

Norway has four independent regional health care authori-
ties, which cover the total population of 5.4 million
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inhabitants. Oslo University Hospital (OUH) Rikshospitalet is
the largest Hepato-biliary-pancreatic (HPB) center in
South-Eastern Norway, covering 3.1 million people, and it is
the only hospital providing HPB surgery in this region.
NORPACT-2 is a prospective, observational protocol-driven
study, following national guidelines, investigating the role of
neoadjuvant and primary chemotherapy for BRPC and LAPC
prior to potential surgery. From January 2018 to December
2020, all patients with BRPC or LAPC in the South-Eastern
Norway Regional Health Authority were offered participation
in the study and included upon written informed consent.
Patients were followed up until date of death or until 15
September 2022. The study protocol was approved by the
Regional Ethical Committee, Norway (REC Nord 2017/1382,
Norwegian Pancreatic Cancer Trial-2; NORPACT-2) in August
2017. Primary end-point of the trial was resection rates and
survival. Performance and safety of diagnostic EUS-FNA/FNB
and therapeutic ERCP were among the secondary end-points.
Clinical data were collected prospectively in eReg database,
approved by and maintained according to OUH regulation,
and supervised by the Data Protection officer for Research.
Before study inclusion, distant metastases were ruled out
by contrast-enhanced dual-phase, multi-slice computer tomog-
raphy (CT) scans of the abdomen and chest. An experienced
abdominal radiologist evaluated vascular involvement of the
coeliac trunk, superior mesenteric artery, hepatic artery and
portomesenteric veins. All patients were discussed at the mul-
tidisciplinary team meeting. The protocol for assignment, diag-
nostic work-up, treatment sequence and medical and surgical
interventions followed national Norwegian guidelines [6].
Performance status (Eastern Cooperative Oncology Group,
ECOG) and Charlson comorbidity index (CCl) (https://www.
mdcalc.com/charlson-comorbidity-index-cci) were recorded at
the time of diagnosis. The points given in CCl for the diagnosis
of a solid tumor and for age were excluded from the final score.

Endoscopic procedures

As part of the diagnostic work-up, all patients were required
to have cytological or histological confirmation of pancreatic
ductal adenocarcinoma (PDAC) or variants prior to initiation
of chemotherapy, in addition to CT or MRI verification of a
solid, likely malignant tumor [7]. Tissue diagnosis was
obtained by EUS-FNA or FNB, either as a day procedure or
in-hospital procedure. In addition, patients with biliary
obstruction requiring biliary drainage underwent ERCP and
stent placement. The vast majority of endoscopic procedures
were performed at OUH Rikshospitalet.

The acquired tissue through FNA or FNB was analyzed by
cytopathologists and histopathologists respectively. In most
cases, an attending cytopathologist throughout the study
period provided rapid on-site evaluation (ROSE) of the cyto-
logical specimen on direct smears while the patient remained
sedated. Hence, in case of inconclusive results, a repeat FNA
or FNB could be carried out during the same procedure. In
lack of an attending cytopathologist and where FNA proved
inconclusive or negative, patients had to be recalled for a
subsequent EUS and FNA/FNB attempt.

All patients were observed for potential complications
throughout the day, and the records from the patients’ local
hospitals were reviewed to identify complications diagnosed
after hospital discharge. The number of EUS procedures
needed to reach a final diagnosis was recorded for each
patient. The final cytology and histology diagnosis of pancre-
atic samples was assigned to one of the following categories;
adenocarcinoma, malignant tissue, suspicion of malignancy/
adenocarcinoma, atypical not otherwise specified, neuroen-
docrine tumor (NET), intraductal papillary mucinous neo-
plasm (IPMN), acinar cell carcinoma, chronic pancreatitis,
benign, or inadequate. Patients with jaundice were eligible
for ERCP with direct stent insertion during the same proce-
dure, or as a separate procedure prior to initiating chemo-
therapy. Fully covered self-expanding metal stents (c-SEMS)
were preferred. If ERCP was not possible, percutaneous tran-
shepatic biliary drainage (PTBD) was performed. The number
of patients receiving metal or plastic stents, the number of
patients undergoing PTBD, and the rate and nature of com-
plications were recorded.

Diagnostic accuracy of EUS-FNA/FNB was defined for both
the first and for all EUS FNA/FNB procedures, as the percent-
age of sampled lesions for which a final diagnosis could be
reached prior to treatment initiation. ‘Suspicion of malig-
nancy’ and ‘malignant’ were considered positive samples. The
definitive diagnosis was defined by histopathologic evalua-
tion of the surgical specimen or, in non-resected patients, by
the evolution of the disease assessed until the date of last
follow-up based on a combination of clinical course, imaging
studies, and/or additional tissue sampling from metastasis [8].

The definition of adverse events were recorded according
to the American Society for Gastrointestinal Endoscopy lexi-
con for adverse events [9].

Results
EUS FNA/FNB

In total 250 patients with a radiological diagnosis of BRPC or
LAPC were included, of whom 223 (89.2%) underwent
EUS-FNA/FNB (Figure 1). Characteristics of patients undergo-
ing EUS FNA/FNB and their tumors are presented in Table 1.
In four patients, a percutaneous biopsy was taken without
prior EUS attempts for the following reasons: post Roux-en-Y
gastric bypass (n=1), patient preference (n=1), at treating
physician’s decision (n=2). Three patients underwent primary
EUS procedure without FNA/FNB (Roux-en-Y gastric bypass
and decision for upfront surgery, n=1; best supportive care
due to old age and frailty, n=2). The remaining 20 patients
received best supportive care only due to advanced age or
low performance status, such that pathology-based diagnos-
tic confirmation was not considered necessary. One hundred
and eleven patients were classified as BRPC, and 112 as LAPC.
In 183 cases the tumor was located in the head of the pan-
creas (head, neck, uncinate process), while the remaining 40
tumors were located in the body or tail. Median tumor diam-
eter was 35.5mm. A second, third or fourth EUS attempt was
performed in 33 (14.8%), eight (3.6%), and four (1.8%)
patients, respectively (Figure 1). One of the four patients with
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Figure 1. Pathologic findings of samples collected during 268 EUS FNA and/or FNB procedures in 223 patients with a radiological diagnosis of BRPC or LAPC.

four FNA/FNB attempts had a definitive diagnosis of chronic
pancreatitis. One patient with BRPC undergoing four attempts
had more than three months delay in initiation of chemo-
therapy due to difficulty in obtaining a conclusive diagnosis,
which contributed to derailment from a surgical pathway, as
the patient became unresectable due to tumor progression.
A total of 268 EUS FNA/FNB procedures were performed.
Combined FNA/FNB was performed in 83 cases, whereas
EUS-FNA and EUS-FNB were performed separately in 155 and
30 cases, respectively (Figure 1).

The diagnostic accuracy for the first EUS-FNA/FNB and the
cumulative diagnostic accuracy for all EUS-FNA/FNB attempts
are presented in Figure 1. In 195 samples EUS FNA/FNB
described a diagnosis of PDAC, seven samples were described
as malignant, and 14 samples were described as suspicious
of malignancy. Thirteen samples described other diagnosis;
NET (n=3), IPMN (n=1), pancreatitis (n=4), other benign/
atypical (n=3), and high grade dysplasia (n=2). The definitive
diagnosis was adenocarcinomas in 214, pancreatitis in 3, NET
in 2, neuroendocrine carcinoma (NEC) in 1, IPMN in 1,
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Table 1. Patient characteristics and tumor details for 223 patients undergoing
EUS FNA/FNB.

Overall
Patient characteristics 223
Age, median years (IQR) 70 (64-75)
Gender, n (%)
Male 118 (52.9)
Female 105 (47.1)
ECOG status n (%)
0 124 (55.6)
1 74 (33.2)
2 19 (8.5)
3 6 (2.7)
4 0 (0)
Charlson comorbidity index, median score 5 (4-6)
(IQR)
Tumor characteristics
Localization, n (%)
Head 139 (62.3)
Neck 10 (4.5)
Uncinate 34 (15.2)
Body 35 (15.7)
Tail 5(2.2)
Tumor size, mm (IQR) 35.5 (29-45)
Tumor classification, n (%)
Borderline resectable 111(49.8)
Locally advanced 112 (50.2)

Table 2. Patient and treatment characteristics for 133 patients undergoing
primary ERCP with placement of a biliary stent.

Patient characteristics Overall
Total no. 133
Age, median years (IQR) 71 (64-76)
Gender, n (%)

Male 72

Female 61
ECOG status n (%)

0 62

1 46

2 16

3 9

4 0
Charlson comorbidity index, median (IQR) 5 (4-6)
Tumor characteristics
Localization n (%)

Head 111

Neck 7

Body 0

Tail 0

Uncinate 15
Tumor size mm (IQR) 33 (28-42)
Tumor classification

Borderline resectable 77

Locally advanced 56
Number of attempts
One attempt, n (%) 133 (100)
Two attempts, n (%) 16 (12)
Success rate
First attempt, n (%) 107 (80.5)
Second attempt, n (%) 15 (93.8)
Type of stent
Metal stent, n (%) 107 (87.7)
Plastic stent, n (%) 15 (12.3)
Proceeded to PTBD?, n (%) 11 (8.3)°

210 patients proceeded to PTBD after the first ERCP attempt, 1 patient after the
second attempt.
bln addition 5 patients underwent primary PTBD without prior ERCP attempt.

IgG4-related disease in 1, and acinar cell carcinoma in 1. Of
61 patients undergoing resection, histological examination of
the surgical specimen showed PDAC (n=56), IPMN (n=1),
NEC (n=1), IgG4 related pancreatitis (n=1), groove

pancreatitis (n=1), and complete tumor regression (n=1). In
the latter five patients, the diagnosis based on EUS FNA/FNB
was IPMN (FNA), adenocarcinoma (FNA), adenocarcinoma
(FNA), inflammation (FNA+FNB), and acinar cell carcinoma
(FNA), respectively.

Diagnostic accuracy of EUS-FNA/FNB was 86.1% (192/223)
at the first attempt, and the cumulative diagnostic accuracy
for all attempts was 96% (214/223). The false positive rate for
carcinoma was 0.9% (2/224 patients) (definitive diagnosis:
chronic pancreatitis n=1, IgG4 related pancreatitis n=1).

ERCP

Patient and tumor characteristics of 133 patients undergoing
primary ERCP are presented in Table 2. Of a total 149 ERCP
procedures, of which 16 were re-attempts, 122 (81.9%) were
successful. 107 of 133 had a successful first attempt (success
rate 80.5%), and 15 out of 16 had a successful second
attempt (success rate 93.8%). 27 were unsuccessful (18.1%). A
plastic stent was inserted in fifteen patients while c-SEMS
was inserted in 107 patients. Sixteen patients underwent
PTBD, of whom 11 had undergone a prior ERCP attempt. Five
patients had direct PTBD without prior ERCP attempt for
unknown reasons. There were 41 procedures of combined
EUS and ERCP.

Adverse events

Post-procedural adverse events are presented in Table 3.
Eight adverse events (3%) were recorded for a total of 271
EUS-FNA/FNB procedures (pancreatitis n=7, cholangitis n=1).
There were 23 adverse events (15,4%) recorded following
ERCP (pancreatitis, n=12; cholangitis, n=4; perforation, n=1;
bleeding, n=1; stent failure, n=1; other, n=4). Four adverse
events (25%) were recorded after PTBD (cholangitis, n=2;
immediate bile leakage, n=1; dislocated stent, n=1). For a
total of 41 procedures of combined EUS and ERCP, four
adverse events (9,8%) were recorded (pancreatitis, n=3; renal
failure requiring hospitalization following dehydration in frail
patients undergoing prolonged procedure, n=1). One patient
with pancreatitis and one patient with procedure-related
bleeding experienced a course of moderate adverse event
requiring intensive care unit admission. The remaining
adverse events recorded were classified as mild [9].

Discussion

Practice guidelines recommend systemic chemotherapy as
the primary treatment in patients diagnosed with BRPC and
LAPC. Swift cytological or histopathological diagnosis and
relief of biliary obstruction enable the timely initiation of
chemotherapy. The population-based cohort examined in this
study represents a patient group that requires the involve-
ment of surgeons, oncologists, endoscopists, and patholo-
gists. EUS FNA/FNB had an overall diagnostic accuracy of
96%, and a false positive rate of carcinoma of 0.9%.
Therapeutic ERCP had a success rate of 80.5% for the first
attempt. Repeat procedure was performed in 14.8% of the
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ERCP (N=149) PTBD (N=16) EUS (N=268)

COMBINED

EUS/ ERCP
Adverse event Overall Metal stent Plastic stent No stent Overall Overall FNA FNB FNA/FNB (N=41)
Pancreatitis 12 1 1 7 3 1 3 3
Cholangitis 4 1 1 2 2 1 1 0 0 0
Perforation 1 0 0 1 0 0 0 0 0
Immediate stent failure 1 1 0 1 0 0 0 0 0
Bacteremia 1 1 0 0 0 0 0 0
Bleeding 1 0 0 1 0 0 0 0 0
Other, not specified 32 0 2 1 1° 0 0 0 0 1¢
Total, n (%) 23 (15.4) 21 2 4 (25) 8 (3) 4 1 3 4 (9,8)

20ne patient experienced airway obstruction and respiratory difficulties during ERCP. Two patients developed renal failure following dehydration and prolonged

procedures.
®One patient had immediate bile leakage and dislocated stent.

“One patient developed renal failure following dehydration and prolonged procedure.

patients after EUS FNA/FNB and 12% after ERCP, with a diag-
nostic accuracy of 66.7% and a success rate of 93.8% respec-
tively. The complication rates of EUS-FNA/FNB and ERCP were
3% and 15.4%, respectively.

Due to the extensive tumor stroma and, consequently,
the low cancer cell density, obtaining representative cytolog-
ical or histological samples from PDAC is challenging. EUS
has been the gold standard and EUS-FNA has been the stan-
dard examination, however the diagnostic use of FNA sam-
ples is more limited compared to FNB due to the lack of
histological architecture and a usually more restricted anti-
body panel for immunocytochemical evaluation. EUS-FNB
with a larger biopsy needle was developed to overcome
these obstacles [10]. This study demonstrates the diagnostic
performance and safety of common endoscopic procedures,
and identifies the specific challenges in achieving a correct
diagnosis. However, the study was not designed to compare
the diagnostic accuracy of FNA versus FNB. The decision to
sample an FNB in addition to an FNA during the same pro-
cedure was made by the on-site cytopathologist and the
endoscopist. Both the safety profile and technical feasibility
of EUS-FNA prove to be similar to those of EUS-FNB [11,12].
The complication rate of EUS-FNA/FNB observed in this
study amounts to 3%, which is in line with the literature
[13]. EUS-FNB offers the possibility of examination with a
more extensive immunohistochemical panel, which is key to
the differential diagnosis that is relevant to solid pancreatic
lesions and includes autoimmune pancreatitis, lymphoma
and metastasis. When it comes to the number of passes that
are required for a final diagnosis, a first randomized con-
trolled trial comparing EUS-FNA 22 G and EUS-FNB 22 G with
rapid on-site evaluation (ROSE) showed no significant differ-
ence. An overall similar rate of diagnosis was achieved with
up to three passes (100% EUS-FNA, 89% EUS-FNB) [14]. Two
subsequent studies have supported similar accuracy in diag-
nostics, but a need for fewer passes with EUS-FNB compared
to EUS-FNA [15,16]. A Danish study showed similar results
and also a significantly higher number of microcores pro-
cured per pass by FNB compared to FNA upon the introduc-
tion of the Franseen type needle for FNB [17]. This study
shows a cumulative diagnostic accuracy of 96% for all EUS
attempts and confirms that EUS-FNA/FNB should be repeated
in cases of initial inadequate sample, or inconclusive or

atypical/benign diagnosis. The rate of repeat EUS-FNA/FNB is
in line with a recent report from the Dutch PREOPANC-1 and
2 trials in patients with resectable pancreatic cancer and
BRPC which had a second and third endoscopic tissue acqui-
sition rate of 11% and 1%, respectively [18].

During the study period, the use of EUS-FNB gradually
increased. Currently, NCCN and ESMO guidelines recommend
EUS-FNB in BRPC and LAPC at the time of diagnosis to obtain
adequate tissue for molecular analysis, the results of which
may guide treatment decisions and inclusion in ancillary
studies [19]. In addition, molecular analysis is more straight-
forward on EUS-FNB samples. While panel sequencing from
diagnostic EUS-FNA is feasible, the failure rate is reported to
be high [20]. Recent reports show that a EUS-FNB protocol
tailored towards both diagnosis and next-generation sequenc-
ing purposes, targeted capture sequencing can be performed
with excellent success rates [21].

False positive and false negative results after EUS-FNA-FNB
are challenging. False positive EUS-FNA/FNB carcinoma
occurred in two patients (0.9%), in whom the definitive diag-
nosis was IgG4 related pancreatitis and chronic pancreatitis,
respectively. Both patients received primary chemotherapy,
and one of the patients underwent a pancreatoduodenec-
tomy. The false positive rate of carcinoma of 0.9% in this
study aligns with other reports [18]. Difficulty in reaching a
pathology-based confirmation of carcinoma occurred in one
patient, who radiologically had BRPC with a small thrombus
in the portal vein. After three EUS-FNA/FNB attempts show-
ing no evidence of malignancy, medical treatment was initi-
ated for suspected autoimmune pancreatitis due to slightly
elevated serum Ig4. The patient had rapid radiological pro-
gression and developed major vascular involvement preclud-
ing resection. Only at the fourth attempt, EUS-FNB showed
adenocarcinoma. Finally, one patient with radiologically LAPC
in which cytology showed acinar cell carcinoma was treated
with FOLFIRINOX followed by pancreatoduodenectomy.
Histological examination of the surgical specimen showed
complete tumor regression and inflammatory changes.
Complete histopathological response after neoadjuvant
FOLFIRINOX in acinar cell carcinoma has been described in
the literature, and the primary diagnosis was maintained
although some uncertainty exists regarding the primary diag-
nosis based on EUS-FNA [22].
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Many pancreatic cancer patients present with obstructive
jaundice and require biliary drainage before starting primary
chemotherapy. Practice guidelines recommend ERCP with
insertion of SEMS for preoperative biliary drainage of extra-
hepatic malignant biliary obstruction in patients scheduled
for neoadjuvant or primary chemotherapy [5]. A success rate
of 80.5% at the first attempt, and 93.8% after two attempts
is in line with the literature [5]. In our study, most patients
received c-SEMS, but 14 received initially a plastic stent that
later was replaced by a c-SEMS. Metal stents offer better
patency, reduce the risk of complications, and decrease the
need for reintervention [23]. Plastic stents require exchange
every 2-3months, while SEMS show longevity of 6-12months
[24]. The 15.4% complication rate observed in this study is in
accordance with existing literature [5]. For combined
EUS-FNA/FNB and ERCP procedures performed in 41 patients,
the complication rate was 12.2%. The study was not designed
to evaluate the performance of combined or separate
EUS-FNA-FNB and ERCP procedures, however, the success
and complication rates were shown to be comparable for
both approaches [25]. Current practice guidelines suggests
that EUS-guided sampling and ERCP can safely be performed
in a single session [26]

Primary chemotherapy is standard of care for BRPC and
LAPC, and the resection rate following primary chemotherapy
is reported to be 60.6% and 20.2%, respectively [27].
Neoadjuvant treatment is increasingly used in primary resect-
able PDAC, but evidence of higher quality is required to
determine whether neoadjuvant therapy has potential bene-
fits and improves survival compared to upfront surgery in
this patient group [28,29]. Limited data are available regard-
ing the potential delay in the commencement of treatment
caused by diagnostic EUS FNA/FNB and therapeutic ERCP in
resectable PDAC. However, the results of this study in patients
with BRPC and LAPC, and from the Dutch Preopanc 1 and 2
trials in patients with resectable and BRPC show that repeat
endoscopic procedures are required in 13.3-14.8% of patients
to achieve an adequate diagnostic sample, with a false posi-
tive rate of malignancy of 0.9-2% [18]. Moreover, in a neoad-
juvant pathway every jaundiced patient will need ERCP for
biliary drainage, which has a complication rate of about 15%
and requires a second attempt in about 10% of the patients.
These diagnostic and therapeutic challenges are important to
consider when evaluating the treatment sequencing in
resectable PDAC [28,30].

This study has some limitations. First, this is a single-center
study, and external validity may be limited. However, the
population-based non-selected cohort evaluated and treated
in a universal health care system represents a patient group
that potentially encompasses the practices of surgeons,
oncologists, endoscopists, and pathologists. Second, the
study was not designed to evaluate the diagnostic accuracy
and safety of FNA versus FNB. However, this has been thor-
oughly described in the literature. FNB was performed based
on the evaluation of the on-site cytopathologist or at the dis-
cretion of the endoscopist. Third, no systematic follow-up
was performed after the endoscopic procedures to identify
potential complications. Records from the local hospitals
were available for review, but information about possible

consultation of a general practitioner was not available. Thus,
minor complications not requiring hospitalization may have
been missed.

In conclusion, EUS-FNA/FNB and ERCP with biliary stenting
in a population-based cohort of patients with BRPC/LAPC
demonstrated acceptable performance and safety. Same ses-
sion EUS-FNA/FNB and ERCP for biliary decompression was
safe, but not carried out systematically in this study and
needs further evaluation in terms of optimal methods, timing
of procedures, and patient selection.
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