L))

Gheck for
updates

Original Article

Defects of endoscopic biopsy in the diagnosis of periampullary
carcinoma and recommendations for diagnosis and treatment: a
retrospective study before and after surgery

Yinuo Zhang", Zhiqing Duan"*, Xiaoyu Yu’, Yuzhu Zhang', Jing Liu’, Shousheng Liao’, Bo Liang'

'Department of General Surgery, The Second Affiliated Hospital of Nanchang University, Nanchang, China; *Department of General Surgery,
Wauyuan County People’s Hospital, Wuyuan, China; *Department of Pathology, The Second Affiliated Hospital of Nanchang University, Nanchang,
China

Contributions: (I) Conception and design: J Liu, S Liao, B Liang; (II) Administrative support: J Liu, S Liao, B Liang; (III) Provision of study materials
or patients: X Yu, S Liao, B Liang; (IV) Collection and assembly of data: Yinuo Zhang, Z Duan; (V) Data analysis and interpretation: Yinuo Zhang, Z
Duan, X Yu; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

*These authors contributed equally to this work.

Correspondence to: Bo Liang. Department of General Surgery, The Second Affiliated Hospital of Nanchang University, Nanchang, China.
Email: 1b2087@163.com; Shousheng Liao. Department of Pathology, The Second Affiliated Hospital of Nanchang University, Nanchang, China.
Email: dwpd13@163.com; Jing Liu. Department of Pathology, The Second Affiliated Hospital of Nanchang University, Nanchang, China.
Email: liujing2016@126.com.

Background: Pancreaticoduodenectomy (PD) is the main curative treatment for periampullary carcinoma
(PAC), but the high risk of complications in PD means an accurate preoperative diagnosis is essential,
because benign lesions can be treated without PD. Despite as the preferred diagnosis method, preoperative
endoscopic biopsy is characterized with high false-negative rate, which disturbs the making of surgical
plans. We explored the degree of matching between preoperative and postoperative pathological diagnoses,
analyzed the shortcomings of endoscopic biopsy, and provide recommendations for the diagnosis and
treatment of periampullary tumors.

Methods: We retrospectively analyzed 198 patients with periampullary tumors who underwent endoscopic
biopsy and PD between June 2013 and February 2021. Data on disease characteristics, such as sex, age, total
bilirubin (TBIL), direct bilirubin (DBIL), tumor markers, imaging features, preoperative and postoperative
pathology were collected and reviewed. The measurement data with normal distribution were expressed by
mean + standard deviation, and the categorical data were expressed by the number of cases.

Results: In our cohort, 196 patients (98.99%) were diagnosed with PAC based on postoperative pathology.
Preoperative pathological biopsy was performed in 198 patients with dysplasia (n=76), inflammation (n=7),
and PAC (n=115), among whom 111 were diagnosed with PAC at the first biopsy and 4/7 at the second
biopsy. The false-negative rate for one preoperative biopsy was 85/196 (43.37%); 74/76 (97.37%) patients in
the dysplasia subgroup and 7/7 (100%) patients in the inflammation subgroup showed malignant results after
surgery.

Conclusions: Preoperative endoscopic biopsy has a high false-negative rate. Multiple sites, greater depth,
and more biopsies may increase accuracy. Patients preoperatively diagnosed with dysplasia have a high risk

for cancer and are recommended to undergo PD directly.
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Introduction

Periampullary carcinoma (PAC), which comprises ampulla
of Vater cancer, pancreatic head cancer, distal common bile
duct cancer, and duodenal papillary cancer, is a malignant
tumor originating from within 2 cm of the ampulla of
Vater (1,2) and accounts for 5% of all gastrointestinal tract
malignancies (3).

Patients with early-stage PAC are thought to have
a better prognosis. The median overall survival in
patients with stage I, II, and III PAC has been reported
as unreached, 44 months, 15 months, respectively,
in a study with a median follow-up of 88 months (4).
However, metastasis and advanced stage are considered
indicators of poor prognosis in PAC, with a 2-year overall
survival rate ranging from 5% to 10% (3,5). Therefore,
early diagnosis and treatment are critical. Currently,
pancreaticoduodenectomy (PD) is the primary curative
treatment for PAC (6), but it is high risk and accompanied
by many complications (7). A transatlantic analysis
indicated that major complications occurred in 6,188
of 22,983 patients (26.9%) after PD, and 504 (8.1%)
patients died in hospital after the development of a major
complication, which was defined as failure to rescue. In
that study, complications included death, postoperative
pancreatic fistula, pneumonia, delayed gastric emptying,
organ failure, and reoperation, with an incidence of 2.2%,
12.1%, 5.2%, 15.7%, 6.9%, and 8.2%, respectively (7).
The high surgical risk and complication incidence make it
difficult to decide whether surgery is necessary, especially
for patients with an uncertain preoperative diagnosis.
Therefore, accurate preoperative diagnosis and evaluation
are essential, as the management of benign lesions can be
conservative to avoid the high risks of surgery (8-11).

For the preoperative diagnosis, assessment, and staging of
PAC, imaging methods, such as ultrasound (US), computed
tomography, magnetic resonance cholangiopancreatography
(MRCP), esophagogastroduodenoscopy, endoscopic
ultrasonography (EUS), endoscopic retrograde
cholangiopancreatography (ERCP), intraductal ultrasound
(IDUS), and laboratory investigations, such as tumor
markers (CA19-9, CEA, and CA125), are suggested
(3,12,13). However, the definitive diagnosis and staging
of periampullary tumors still rely on biopsy, and ERCP
and EUS as the two common imaging methods used
in biopsy (14-16). Despite progress in biopsy, the false-
negative rate has remained high for preoperative diagnosis
following endoscopic biopsy, which ranges from 11.7% to
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60% (15,17-21). The high false-negative rate in patients
represents loss of optimal timing of operation and even loss
of operative opportunity. Therefore, studies on reducing
the false-negative rate and increasing the accuracy of
preoperative diagnosis are crucial.

Consequently, we undertook a retrospective single-
center study to explore the degree of matching between
preoperative and postoperative pathological diagnoses of
periampullary tumors, analyze the defects of endoscopic
biopsy, and provide recommendations for the diagnosis
and treatment of periampullary tumors. We present the
following article in accordance with the STROBE reporting
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-22-412/rc).

Methods

This is a retrospective study to explore the diagnostic
accuracy of preoperative endoscopic biopsy. From June
2013 to February 2021, 262 patients diagnosed with
periampullary tumors (PAC and benign lesions) underwent
PD at The Second Affiliated Hospital of Nanchang
University. We retrospectively reviewed the data on
disease characteristics, pathological diagnosis, and surgical
outcomes of each patient, such as sex, age, total bilirubin
(TBIL), direct bilirubin (DBIL), tumor markers, imaging
features, and preoperative and postoperative pathology.
The preoperative pathological diagnosis was based on
endoscopic biopsy. The postoperative pathology was based
on paraffin sections of the tissues obtained during surgery.
PD was the sole surgical option in all patients.

Imaging examination showed that all 262 patients had
enlarged papillae and occupying lesions in the papilla of
Vater. Following an endoscopic biopsy, occupational lesions
were diagnosed as adenocarcinoma, inflammatory non-
neoplastic lesions, or dysplasia. We emphasized comparison
of the preoperative and final pathology data to determine
the difference and degree of matching. After excluding
64 patients who did not undergo preoperative pathological
biopsy, 198 were enrolled in the analysis (Figure I).

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the Ethics Committee of The Second Affiliated
Hospital of Nanchang University (No. 2013049). Since this
study was retrospective and did not involve personal privacy,
informed consent of previous patients could not be obtained
objectively.
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Figure 1 Preoperative and postoperative pathological results in patients with periampullary tumors.

Statistical analysis

SPSS20.0 software was used. The measurement data with
normal distribution are expressed as mean = standard
deviation, and categorical data are expressed as number of
cases or percentages.

Results
Preoperative pathology and patients’ characteristics

Among the 198 patients in our study, 115 (58.08%)
were diagnosed with PAC based on initial preoperative
pathology (Figure 2A). The remaining 83 tumors (41.92%)
were preoperatively diagnosed as benign and regarded as
inflammatory non-neoplastic lesions (n=7) or dysplasia
(n=76) (Figure 1, Table S1).

We analyzed the characteristics of the 83 patients
diagnosed with benign lesions by preoperative biopsy
(Table 1). Their median age was 60 years (range,
35-78 years). The cohort comprised 46 men (55.42%)
and 37 women (44.58%). TBIL and DBIL levels were
tested in 78 patients: 69.23% (n=54) and 88.46%
(n=69) showed increased levels of TBIL and DBIL,
respectively. Preoperative and postoperative pathology
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results were obtained for all 83 patients, with 76 patients
who undergoing one preoperative biopsy and 7 patients
undergoing two biopsies. The lymph node status was
observed in 81 patients.

Postoperative pathology

Of the whole cohort (n=198), 115 patients in the PAC
subgroup were still diagnosed with PAC based on postoperative
pathology results, which aligned with their preoperative
biopsy results. However, among the 83 patients diagnosed
with benign lesions on preoperative biopsy, 81 (97.59%)
had different results for postoperative pathology and were
ultimately diagnosed with PAC (Figure 2B). In the other two
patients (2.41%), the final pathology results were consistent
with preoperative status, and both were diagnosed with
tubulovillous adenoma accompanied by dysplasia (Figure I).
Consequently, of the 198 patients preoperatively diagnosed
with malignant or benign periampullary tumors, 196 (98.99%)
ultimately had PAC, for which surgery is essential.

Subgroup analysis
In the dysplasia subgroup (n=76), 74 patients (97.37%)
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Figure 2 Results of preoperative and postoperative pathological biopsies. (A) Preoperative pathological biopsy revealed 115 patients

(58.08%) with cancerous and 83 patients (41.92%) with non-cancerous lesions. (B) Postoperative pathological biopsy results of 83 patients

preoperatively diagnosed with non-cancerous lesions: 81 (97.59%) with cancer and 2 (2.41%) with benign lesions. (C) Postoperative

pathological results of the 76 patients preoperatively diagnosed with dysplasia: 74 (97.37%) had cancer and 2 (2.63 %) had benign lesions. (D)

Postoperative pathological results of the 7 patients preoperatively diagnosed with inflammation: all (100%) had cancer.

initially diagnosed with dysplasia were finally proven
to have malignant adenocarcinoma, and only the two
remaining patients (2.63 %) showed consistent postoperative
and preoperative pathology results of dysplasia (Figure 2C).
As for the inflammatory non-neoplastic lesion subgroup,
the final pathology showed that all seven patients had PAC
(Figure 2D).

Necessity for multiple preoperative biopsies

In the entire cohort (n=198), 191 patients underwent one
preoperative endoscopic biopsy, and seven underwent two
biopsies. At the first biopsy (n=198), 111 patients (56.06%)
were diagnosed with PAC, but the postoperative pathology
results showed there were 196 PAC patients in the whole
cohort; thus, the sensitivity of one biopsy was 111/196
(56.63%) and the false-negative rate, also called the
omission diagnostic rate, was 85/196 (43.37%) (Figure 34).
Furthermore, the seven patients with PAC diagnosed as
having benign lesions at the first biopsy underwent a second
biopsy, and 4/7 (57.14%) patients were finally diagnosed
with PAC, which suggests the necessity for multiple
preoperative biopsies (Figure 3B).
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Tumor markers, lymph nodes and TNM status

We also analyzed the changes in tumor markers in patients
with available data (Tzble 2). Postoperatively, of the
81 patients diagnosed with PAC, CA-199 levels were
elevated in 36/80 (45%) patients; 4/37 (10.81%) patients
showed high levels of CA-125, and CEA levels were
elevated in 5/81 (6.17%) patients. Both CA-125 and CEA
levels were normal in the two patients with a final pathology
of dysplasia, but one patient showed a high CA-199 level
(>700 U/mL).

Furthermore, 16/79 (20.25%) patients preoperatively
diagnosed with non-malignant lesions showed positive
lymph nodes after surgery, suggesting that preoperative
biopsy is unrelated to lymph node invasion (Figure 4A4).
Moreover, some patients preoperatively diagnosed with
benign tumors may have metastatic malignancies. According
to the American Joint Committee on Cancer (AJCC,
8th edition) cancer staging system, the final pathological
diagnosis indicated 38 patients (48.10%) were stage I, 25
patients (31.65%) were stage 11, and 16 patients (20.25%)
were stage III among 79 patients with PAC with available
lymph node status (Figure 4B).
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Table 1 Clinical characteristics of 83 patients with benign lesions

Characteristic n %
Sex
Male 46 55.42
Female 37 44.58
Age, years
Median 60
Range 35-78
BIL
TBIL (>23 pmol/L) 54/78 69.23
DBIL (>4 pmol/L) 69/78 88.46

Tumor markers

CA19-9 (>37 U/mL) 37/82 45.12
CA125 (>35 U/mL) 4/39 10.26
CEA (>5 ng/mL) 5 6.02

Times of preoperative biopsies
1 76 91.57
2 7 8.43
Preoperative pathological biopsy
Dysplasia 76 91.57
Inflammation 7 8.43
Postoperative pathological biopsy
Cancer 81 97.59
Dysplasia 2 2.41
Lymph node status
Positive 16/81 19.75
Negative 65/81 80.25
Pathologic stage (AJCC 8)

| 38/79 48.10
Il 25/79 31.65
1 16/79 20.25

BIL, bilirubin; TBIL, total bilirubin; DBIL, direct bilirubin; AJCC,
American Joint Committee on Cancer.
Discussion

Accurate preoperative diagnosis is crucial for PAC patients,
as the management strategy can be determined by the

results of preoperative endoscopic biopsy (11). Patients
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preoperatively diagnosed with malignancy require PD,
with its attendant high risk of severe complications such
as infection, pancreatic leak, and bleeding (7,22). Patients
with benign lesions can be treated conservatively (e.g.,
endoscopic papillectomy) to avoid severe complications
(8-11). Consequently, an erroneous result of biopsy can
potentially be disastrous for patients.

Endoscopic biopsy is the recommended method to obtain
accurate preoperative pathological results, but the false-
negative rate has been reported to be between 11.7% and
60% (15,17-21). There are several possible reasons for this
finding. First, the special and complicated anatomic location
around the ampulla of Vater increases the difficulty of
obtaining samples, as the tumor could be in an unexposed
area, making it difficult to detect (23). Second, it is difficult to
exclude malignancy because the histopathology of dysplastic
lesions is not homogeneous (24). Histomorphological studies
support the hypothesis that invasive PAC arises from pre-
existing mucosal lesions such as chronic inflammation or
dysplasia (adenoma) (25). These premalignant lesions display
cellular atypia that progresses from low-grade dysplasia
(LGD) to high-grade dysplasia (HGD) and finally to invasive
PAC. An adenoma can contain LGD, HGD, or malignancy
at the same time (26). The initial finding of a benign
pathology cannot exclude the presence of carcinoma in an
unsampled part of the lesion (27). Furthermore, overlying
mucosal lesions such as dysplasia may disguise deeper
located carcinomas; therefore, the sampling of superficial
lesions cannot rule out the possibility of deeper cancer (20).
In addition, tumor heterogeneity is one of the hallmarks
of cancer and the main cause of drug resistance, leading to
therapeutic failure (28).

Our results verified that endoscopic biopsy might not be
as reliable as postoperative pathological results because in
85/196 (43.37%) patients malignancy was missed in the first
preoperative biopsy. Of the 198 patients diagnosed with
malignant or benign periampullary tumors on preoperative
endoscopic biopsy, 196 (98.99%) were ultimately diagnosed
with PAC, which shows a high risk of periampullary tumor
malignancy. As for the subgroups, 74 patients (97.37%) in
the dysplasia subgroup (n=76) and all 7 patients (100%) in
the inflammation subgroup diagnosed with benign tumors
on initial biopsy were proven to have malignant PAC.
Therefore, we assume that periampullary tumors are largely
malignant and require PD as curative treatment.

Based on the difficulty of differentiating between benign
and malignant tumors before surgery and the decline in
complication morbidity and mortality rates over the past
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Figure 3 Accuracy of preoperative pathological biopsy. The final biopsy results showed 196 patients with periampullary carcinoma in the

entire cohort of 198. (A) Results of the first biopsy: 111 patients (56.63%) with cancer and 85 patients (43.37%) with non-cancerous lesions.

(B) Seven patients diagnosed with non-cancerous lesions at the first biopsy underwent a second biopsy, and the second pathological biopsy

indicated 4 cancers (57.14%) and 3 non-cancers (42.86%).

Table 2 Tumor markers of 81 patients diagnosed with periampullary carcinoma

Tumor markers High, n (%) Normal, n (%) Total, n
CA19-9 36 (45.00) 44 (55.00) 80
CA125 4(10.81) 33 (89.19) 37
CEA 5(6.17) 76 (93.83) 81

Note: all patients were diagnosed with cancer on the postoperative pathological biopsy. Normal ranges: CA19-9 0-37 U/mL; CA125 0-

35 U/mL; CEA 0-5 ng/mL.

N (+)
LN (-)

Total =79

= Stage |
[ Stage |l
Stage llI

Total =79

Figure 4 Prognostic factors. (A) Lymph node status of 79 patients who were preoperatively diagnosed with non-cancerous lesions and

postoperatively diagnosed with cancer. 16 (20.25%) had positive lymph nodes, and 63 (79.75%) had negative lymph nodes. (B) Pathological
staging of the tumors: 38 (48.10%), 25 (31.65%), and 16 (20.25%) patients with stages I, II, and III disease, respectively. LN, lymph node.

few years following PD in oncology centers, PD remains
the treatment of choice for periampullary dysplasia
(adenoma) in patients who can tolerate it (23,25,29). Thus,
in patients with dysplasia (adenoma) of the periampullary
papilla, especially those with moderate to HGD, aggressive
management with PD should be offered following the
exclusion of high-risk patients. In recent years, there
are emerging possible adjuvant strategies to prolong
postoperative survival time. Targeting the YAP-autophagy
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circuit and the FOXM1-miR-552-DACH1/PCDH10/
SMAD#4 axis may offer new opportunities for therapeutic
intervention against PAC (30,31). In addition, leflunomide
plus gemcitabine has demonstrated inhibition of the growth
of pancreatic ductal adenocarcinoma (32).

Villous and tubulovillous adenomas are the most
common benign lesions of the papilla of Vater (23). They
are considered premalignant lesions and carry a higher

risk of malignant transformation (33). P53 mutation and
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Ki-67 high proliferative activity play important roles
in the histogenesis of invasive adenocarcinoma (34,35).
Malignant transformation frequently occurs in adenomas
at the time of diagnosis (36), so it is essential to rule out
the presence of cancer in these lesions. Despite progress in
imaging and endoscopy, the percentage of preoperatively
missed malignancies remains high. Based on our data,
18/19 (94.74%) patients preoperatively diagnosed with
tubulovillous adenomas were finally diagnosed with PAC
after surgery.

Consequently, it is important to determine how to
increase the accuracy of preoperative biopsies. In our
study, seven PAC patients were diagnosed with benign
tumors at first biopsy, but a second biopsy diagnosed four
patients (57.14%) with cancer. Therefore, we recommend
multiple biopsies to increase the accuracy. Moreover,
limited diagnostic accuracy may result from a small number
and shallow biopsy samples (20,27). EUS-guided tissue
sampling is expected to show higher diagnostic accuracy
and sensitivity but is less widespread in facilities (37).
Further prospective studies should determine whether
endoscopic biopsy using more and deeper samples improves
the preoperative diagnostic accuracy for periampullary
tumors. A strategy of obtaining four or more biopsy
samples excluding the orifice area is recommended to
increase diagnostic accuracy and avoid complications of
endoscopic biopsy, such as pancreatitis (27). Tumor cell is a
known indicator of disease progression in pancreatic cancer,
which can be shed from primary lesions such as intraductal
papillary-mucinous neoplasia and pancreatic intraepithelial
lesions early in pancreatic ductal adenocarcinoma
development (38).

Our study had some limitations. First, the number
of patient samples was limited, and a large sample study
is needed for verification. Second, this study was a
retrospective analysis, which is likely have some deviations
in the results, and needs to be further confirmed by
multicenter clinical trials. Third, EUS-guided tissue
sampling was not performed in this study.

Taken together, we can safely draw the following
conclusion: a single preoperative endoscopic biopsy has
a high false-negative rate, so multiple sites and multiple
biopsies taken from greater depth are recommended to
increase biopsy accuracy; patients preoperatively diagnosed
with dysplasia, especially higher grade dysplasia or
tubulovillous adenomas, have a high risk of misdiagnosis or
undergoing malignant transformation, so should undergo
PD as a curative treatment.
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