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Abstract

The limited accuracy of endoscopic biopsy in detecting high-grade dysplasia or adenocarcinoma within ampullary adenoma
or dysplasia has been reported. The natural history of ampullary dysplasia is also unclear, and there are no established
guidelines to determine which patients with ampullary dysplasia require resection versus surveillance endoscopy. DNA
flow cytometry was performed on 47 ampullary biopsies with low-grade dysplasia, 18 high-grade dysplasia, and 23 negative
for dysplasia, as well as 11 cases of ampullary adenocarcinoma. Abnormal DNA content (aneuploidy or elevated 4N fraction
> 6%) was identified in 9 (82%) of adenocarcinoma, 13 (72%) of high-grade dysplasia, 7 (15%) of low-grade dysplasia,
and none (0%) of non-dysplastic mucosa. One-, 2-, and 7-year detection rates of high-grade dysplasia or adenocarcinoma
in low-grade dysplasia patients with abnormal DNA content were 57%, 86%, and 88%, respectively, whereas low-grade
dysplasia patients in the setting of normal DNA content had 1-, 2-, and 7-year detection rates of 10%, 10%, and 10%,
respectively. The univariate and multivariate hazard ratios (HRs) for subsequent detection of high-grade dysplasia or
adenocarcinoma in low-grade dysplasia patients with DNA content abnormality were 16.8 (p = <0.01) and 9.8 (p = <0.01),
respectively. Among the 13 high-grade dysplasia patients with DNA content abnormality, 5 patients (38%) were
subsequently found to have adenocarcinoma within a mean follow-up time of 3 months, whereas only 1 (20%) of the
remaining 5 patients in the setting of normal DNA content developed adenocarcinoma in a month (HR =2.6, p = 0.39).
The overall 1- and 2-year detection rates of adenocarcinoma in all high-grade dysplasia patients (regardless of flow
cytometric results) were 34% (95% confidence interval =16-63%) and 47% (95% confidence interval =23-79%),
respectively. In conclusion, the majority of low-grade dysplasia patients (86%) in the setting of abnormal DNA content
developed high-grade dysplasia or adenocarcinoma within 2 years and thus may benefit from resection, whereas those with
normal DNA content may be followed with surveillance endoscopy. The presence of DNA content abnormality can also
confirm a morphologic suspicion of high-grade dysplasia, which should be managed with resection, as nearly 50% of the
high-grade dysplasia patients were found to have adenocarcinoma within 2 years.

Introduction

Ampullary adenoma or dysplasia arises from the major duo-
denal papilla either sporadically or in the setting of familial
adenomatous polyposis [1-8]. Since ampullary dysplasia can
undergo malignant transformation to high-grade dysplasia or
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recurrence rate but has higher morbidity (25-65%) and
mortality rates (1-10%) [2, 5, 11-15]. By contrast, local
surgical (transduodenal ampullectomy) or endoscopic resec-
tion has lower morbidity (0-25%) and mortality rates (0—1%)
at the expense of higher recurrence rates (5-33%), necessi-
tating postoperative endoscopic surveillance for the detection
of residual or recurrent neoplastic tissue [2, 5, 12, 13, 15-22].
Although the treatment has recently shifted toward minimally
invasive endoscopic resection [10, 15, 18-21, 23-25], sig-
nificant complications have been reported in up to 32% of
patients, including acute pancreatitis, hemorrhage, perfora-
tion, cholangitis, and papillary stenosis [2, 15, 18-21, 23, 24].
As such, the issue today is not whether ampullary dysplasia
can be resected, but rather which of the cases should be
resected.

Guidelines have not been established to determine which
patients with ampullary dysplasia require resection versus
surveillance endoscopy. The time frame for malignant
transformation from low-grade dysplasia to advanced neo-
plasia (high-grade dysplasia or adenocarcinoma) is also
uncertain, and thus there is no consensus regarding the most
appropriate surveillance interval. This is further complicated
by the high false-negative rate (9-60%) of endoscopic
biopsy specimens in detecting high-grade dysplasia or ade-
nocarcinoma when compared with final resection specimens,
underscoring the limited accuracy of endoscopic biopsy
[2,9, 10, 16, 18, 20, 21, 23, 25-29]. This is potentiated by
significant histologic changes that can occur at the major
papilla (due to marked inflammation, bile exposure, stones,
or stents), which can limit accurate, reproducible histologic
interpretation. Therefore, the overall interobserver agree-
ment among pathologists in the histologic assessment of
ampullary biopsies is only fair (kappa = 0.24) [30].

In this regard, additional biomarkers could assist in the
histologic and risk assessment of these challenging cases.
Various techniques, such as polymerase chain reaction
analysis of K-ras mutations [31-33] and immunohisto-
chemical staining (such as p53) [34-37], have been eval-
uated. Though these studies have demonstrated that such
molecular abnormalities tend to occur at an early stage
during the adenoma—carcinoma transition, patient outcome
did not correlate with the K-ras or p53 mutation status. As
an alternative, DNA flow cytometry can potentially be
useful as an adjunct method for the diagnosis and/or risk
assessment of ampullary dysplasia. Although we recently
demonstrated its utility in dysplasia of Barrett’s esophagus
[38], inflammatory bowel disease [39, 40], and stomach
[41], reports of such analyses on ampullary dysplasia are
currently not available. Thus, this study examines the
potential value of DNA content analysis in the diagnosis
and/or risk stratification of ampullary dysplasia using
formalin-fixed paraffin-embedded tissue obtained from
endoscopic biopsies.
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Materials and methods
Patients and data collection

The pathology database (CoPath) at the University of
California at San Francisco was searched over a 27-year
period (between January 1990 and December 2017) to
identify 65 ampullary biopsies with dysplasia, including 18
high-grade dysplasia from 18 patients and 47 low-grade
dysplasia from 46 patients. As controls, 23 non-dysplastic
ampullary biopsies (from 23 patients) and 11 adenocarci-
noma cases (3 biopsies and 8 Whipple procedure specimens
from 11 patients) were utilized. For inclusion in the study,
patients must have had a biopsy diagnosis of dysplasia
(either low- or high-grade dysplasia) with at least one
follow-up biopsy or resection. Exclusion criteria included
patients with a history of ampullary adenocarcinoma prior
to the biopsy diagnosis of dysplasia or those who underwent
curative treatments (either surgical or endoscopic resection)
at the time of ampullary dysplasia diagnosis. All cases were
re-reviewed by at least two gastrointestinal pathologists
(WTC, GEK, and/or KWW), and the dysplastic cases were
classified as either low- or high-grade dysplasia using
published criteria [42]. Low-grade dysplasia was defined
as having hyperchromatic, pencil-shaped nuclei limited to
the basal half of cytoplasm without surface maturation
or significant architectural alterations, whereas high-grade
dysplasia was characterized by more severe cytologic
(including enlarged, round nuclei and loss of polarity) and
architectural changes (such as cribriform formation). The
follow-up result of each biopsy was determined by
reviewing all subsequent biopsies/resections for the occur-
rence of high-grade dysplasia or adenocarcinoma. When the
same degree of dysplasia was identified in multiple biopsies
from the same patient, the biopsy with the largest dysplastic
area was selected for DNA flow cytometric analysis. Per-
tinent demographic (including age, gender, ethnicity, and
history of familial adenomatous polyposis) and lesion-
specific data (such as location, endoscopic appearance, and
size) were collected by reviewing hospital electronic med-
ical records. The location of each dysplastic lesion was
classified into three types based on the combination of gross
assessment and microscopic correlation if subsequent
Whipple procedure specimens were available, or endo-
scopic/imaging findings for biopsy specimens without
subsequent Whipple procedure specimens. These were
designated as “ampulla” when the lesion was centered in the
major papilla without obvious duodenal surface involve-
ment, “peri-ampulla” when the lesion was predominantly on
the duodenal surface surrounding the papilla, and “intra-
ampulla” when there was extension of the lesion into the
ampullary channel although the lesion was predominantly
in the ampulla. The University of California at San
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Francisco Institutional Review Board for human subjects
research approved our study (IRB # 16-21034).

DNA flow cytometry

As previously described [38, 39, 41], three to four 60-
micron thick sections were cut from each tissue block, and
a potential abnormal cell population was enriched by
manually dissecting the areas of dysplasia from the back-
ground normal tissue. DAPI (4,6-diamidino-2-pheny-
lindole; Accurate Chemical & Scientific Corporation,
Westbury, NY) was used to stain each sample, which
was subsequently analyzed with a BD LSRII S854 flow
cytometer (BD Biosciences, San Jose, CA) using UV laser
excitation. The computer program Multicycle (De Novo
software, Glendale, CA) was used to analyze all DNA
content histograms based on the published consensus
guidelines for clinical DNA flow cytometry [43]. The
ploidy status was defined as diploid when there was a
single Gy/G; peak with a DNA index ranging from 1.9
to 2.IN [43]. Aneuploidy was characterized by the
presence of one or more discrete Go/G; peaks outside the
diploid range (DNA index 1.9-2.1N), which were visually
distinguishable from the normal diploid Gy/G; peak [43].
The presence of Gy/tetraploid (4N, DNA index 1.9-2.1N)
fraction >6% was also considered abnormal due to its
proven efficacy in discriminating cancer risk in Barrett’s
esophagus [44] and subsequent strong association with
dysplasia or adenocarcinoma in the upper gastrointestinal
tract [38, 41]. Two authors (WTC and PSR) interpreted
all DNA histograms without knowledge of the histo-
logical diagnoses. Good-quality histograms were obtained
from all 99 samples. Of note, based on the published
consensus guidelines [43, 45], the minimum number of
cells or nuclei to reproducibly detect DNA content
abnormality is ~5000, which can be easily obtained from
small mucosal biopsies. In fact, the majority (92%) of
samples tested in this study (all but eight Whipple proce-
dure specimens with adenocarcinoma) were from small
mucosal biopsies, from which multiple thick sections were
cut and macrodissected (without exhausting tissue in the
majority of cases) to generate good-quality histograms,
demonstrating the feasibility of this methodology. The
number of cells or nuclei collected for DNA content mea-
surements ranged from 5000 to 20,000 (not including debris
and aggregates).

Statistical analysis
The primary statistical outcome was subsequent detection of

high-grade dysplasia or adenocarcinoma from the date of
initial dysplasia diagnosis. Since not all patients developed

high-grade dysplasia or adenocarcinoma before follow-up
ended, statistical analysis appropriate for censored data
(Kaplan—Meier curves and Cox proportional hazards
models) was utilized. Detection rates at specific time points
were calculated from the Kaplan—Meier curves, and a null
hypothesis of equal distribution of detection times was
assessed using the log-rank test. Univariate and/or multi-
variate Cox proportional hazards models were used to
determine the hazard ratios (HRs) for subsequent detection
of high-grade dysplasia or adenocarcinoma among potential
risk factors, including abnormal DNA content, age, gender,
ethnicity, familial adenomatous polyposis, and endoscopic
appearance of mass, as well as lesion location and size.
The Asymptotic Wald test was used to calculate both
95% confidence intervals and p-values. P-values <0.05
were regarded as statistically significant. All analyses were
performed using SAS 9.4.

Results
Clinicopathologic features of ampullary dysplasia

The clinicopathologic characteristics of our cohort are
shown in Table 1. The patients comprised 41 males (42%)
and 57 females (58%) with a mean age of 57 years
(range: 9-88 years), but patients with high-grade dysplasia
or adenocarcinoma (mean 66 and 67 years, respectively)
were older than those with low-grade dysplasia (mean
50 years). Ampullary dysplasia was more common in
Caucasian patients (62%) than non-Caucasian patients
(38%). It usually presented as a polyp or mass (87%)
centered in the major papilla without obvious duodenal
surface involvement (84 %) with a mean size of 2 cm (range:
0.2-5 cm), but it was also detected as a flat lesion or inci-
dentally in normal-appearing mucosa (13%). Some cases
were predominantly on the duodenal surface surrounding
the papilla (peri-ampulla, 14%) or showed intraductal
extension within the ampulla although the lesions were
predominantly in the ampulla (intra-ampulla, 2%). Seven-
teen patients (17%) had a history of familial adenomatous
polyposis. The mean follow-up time was 19 months (range:
2 days—255 months).

Normal DNA content in non-dysplastic ampullary
biopsies

All DNA histograms from 23 non-dysplastic ampullary
biopsies showed normal DNA content (Fig. 1; Table 2).
None of these patients developed dysplasia or adenocarci-
noma within a mean follow-up time of 10 months (range:
5 days—77 months).

SPRINGER NATURE
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Table 1 Characteristics of patients diagnosed with negative for dysplasia, low-grade dysplasia, high-grade dysplasia, and ampullary

adenocarcinoma between 1990 and 2017

Overall Negative for dysplasia Low-grade dysplasia High-grade dysplasia Ampullary adenocarcinoma
(n=99, 98 patients) (n =23, 23 patients) (n=47, 46 patients) (n=18, 18 patients) (n=11, 11 patients)

Mean age, years 57 (9-88) 59 (19-88) 50 (9-76) 66 (47-84) 67 (57-81)
(range)

Male 41 (42%) 12 (52%) 17 (37%) 9 (50%) 3 (27%)
Caucasian 61 (62%) 14 (61%) 32 (70%) 8 (44%) 7 (64%)
Familial 17 (17%) 0 (0%) 16 (35%) 1 (6%) 0 (0%)
adenomatous
polyposis
Location

Ampulla 83 (84%) 22 (96%) 40 (85%) 13 (72%) 8 (73%)

Peri-ampulla 14 (14%) 0 (0%) 7 (15%) 4 (22%) 3 (27%)

Intra-ampulla 2 2%) 1 (4%) 0 (0%) 1 (6%) 0 (0%)
Endoscopic appearance

Polypoid 33 (33%) 9 (39%) 21 (45%) 3 (17%) 0 (0%)

Mass 53 (54%) 8 (35%) 21 (45%) 13 (72%) 11 (100%)
Others (flat and 13 (13%) 6 (26%) 5 (10%) 2 (11%) 0 (0%)
normal)

Size, cm (range) 2.0 (0.2-5) 24 (1.5-5) 2.1 (0.5-4.8) 2.1 (1.1-4.0) 1.5 (0.2-4.0)
Mean follow-up 19 (2 days—255) 10 (5 days—77) 27 (2 days-255) 11 (10 days-53) Not applicable
time, months
(range)

12153

10938

97229

85071

72921

60774

Count

48614

3646

2431

12154

- - - . - : - - :
80.0 160.0 240.0 3200 400.0 480.0 560.0 640.0 720.0 800.0|
DAPI(UV)-A

Fig. 1 a Non-dysplastic ampullary biopsy. b Only normal diploid population (green) is present in this DNA histogram

DNA content abnormality in low-grade dysplasia

Seven (15%) of 47 low-grade dysplasia biopsies demon-
strated DNA content abnormality (Fig. 2; Table 2). Aneu-
ploidy was detected in four biopsies (Fig. 2b), whereas
the remaining three biopsies demonstrated elevated 4N
fraction (Fig. 2d). All seven patients (100%) were subse-
quently found to have high-grade dysplasia (five patients)

SPRINGER NATURE

or adenocarcinoma (two patients) within a mean follow-up
time of 16 months (range: 5 days—85 months) (Table 2).
They all underwent either pancreaticoduodenectomy (five
patients, including two adenocarcinoma patients) or endo-
scopic resection (two patients). By contrast, only 3 (8%)
of 39 low-grade dysplasia patients in the setting of normal
DNA content developed high-grade dysplasia (two patients)
or adenocarcinoma (one patient) within a mean follow-up
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Table 2 Frequency of DNA content abnormality with respect to increasing histological grade of dysplasia and subsequent detection of high-grade dysplasia or ampullary adenocarcinoma in

samples with DNA content abnormality

Ampullary adenocarcinoma (n=11)

Low-grade dysplasia (n =47) High-grade dysplasia (n = 18)

Negative for dysplasia (n = 23)

13 (72%) 9 (82%)

7 (15%)
7 (100%)

0 (0%)
0 (0%)

DNA content abnormality

Not applicable

Not applicable

Subsequent detection of high-grade

dysplasia or adenocarcinoma

Not applicable

5 (71%) Not applicable

0 (0%)

Subsequent detection of high-grade

dysplasia

2 (29%) 5 (38%) Not applicable

0 (0%)

Subsequent detection of

adenocarcinoma

time of 29 months (range: 2 days—255 months). They were
managed with either pancreaticoduodenectomy (two
patients, including one adenocarcinoma patient) or endo-
scopic resection (one patient). Among the remaining 36
low-grade dysplasia patients with normal DNA content, 15
patients underwent either pancreaticoduodenectomy (two
patients) or endoscopic resection (13 patients). The other 21
patients were followed with surveillance endoscopy with
a mean follow-up biopsies of 3 per patient (range: 1-8
follow-up biopsies per patient), and no high-grade dysplasia
or adenocarcinoma was diagnosed within a mean follow-up
time of 40 months (range: 2 days—213 months).

More interestingly, the presence of DNA content
abnormality at baseline low-grade dysplasia was highly
predictive of high-grade dysplasia or adenocarcinoma on
follow-up with the estimated univariate and multivariate
HRs of 16.8 (p =<0.01) and 9.8 (p =<0.01), respectively
(Table 3). One-, 2-, and 7-year detection rates of high-grade
dysplasia or adenocarcinoma in low-grade dysplasia
patients with DNA content abnormality were 57%, 86%,
and 88%, respectively, whereas 1-, 2-, and 7-year detection
rates in low-grade dysplasia patients with normal DNA
content were 10%, 10%, and 10%, respectively (Fig. 3b).
The overall 1-, 2-, and 7-year detection rates of high-grade
dysplasia or adenocarcinoma in all low-grade dysplasia
patients (regardless of flow cytometric results) were 17%,
26%, and 38%, respectively (95% confidence intervals =
[9-33%], [14-45%], and [19—68%], respectively) (Fig. 3a).

To identify other potential risk factors for subsequent
detection of high-grade dysplasia or adenocarcinoma, hos-
pital electronic medical records were reviewed to retrieve
pertinent demographic (age, gender, ethnicity, and history
of familial adenomatous polyposis) and lesion-specific data
(location, endoscopic appearance, and size). In the uni-
variate analysis, age (HR =1.1, p=0.01) and endoscopic
appearance of mass (HR = 5.2, p = 0.04) were significantly
associated with later development of high-grade dysplasia
or adenocarcinoma (Table 3), but they did not achieve
statistical significance in the multivariate analysis (p = 0.17
and 0.10, respectively). Similarly, gender (HR =4.4, p=
0.16), ethnicity (HR = 2.2, p =0.22), familial adenomatous
polyposis (HR =3.7, p =0.10), lesion location (HR =0.7,
p=0.72), and lesion size (HR =1.6, p =0.06) were not
significant risk factors for subsequent detection of high-
grade dysplasia or adenocarcinoma in the univariate Cox
model. Of note, 11 (23%) of the 47 low-grade lesions were
evaluated by endoscopic ultrasound, and there was no evi-
dence of invasion in any of these cases.

DNA content abnormality in high-grade dysplasia

DNA content abnormality was detected in 13 (72%) of 18
high-grade dysplasia biopsies (Fig. 4; Table 2). Aneuploidy

SPRINGER NATURE
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Fig. 2 a, b Low-grade dysplasia is characterized by mild to moderate
cytologic atypia with pseudostratified nuclei limited to the basal half of
cytoplasm. There is a distinct lack of surface maturation without sig-
nificant architectural disarray. A distinct aneuploid population (red) is

was detected in 11 biopsies, whereas the remaining two
biopsies showed elevated 4N fraction. Five (38%) of the 13
high-grade dysplasia patients with DNA content abnorm-
ality were subsequently found to have adenocarcinoma
within a mean follow-up time of 3 months (range: 10 days—
15 months) (Table 2), whereas only one (20%) of the
remaining five high-grade dysplasia patients in the setting
of normal DNA content developed adenocarcinoma in a
month. Overall, 6 (33%) of the 18 high-grade dysplasia
patients developed adenocarcinoma within a mean follow-
up time of 3 months (range: 10 days—15 months). These
patients included two males and four females with a
mean age of 68 years (range: 57-77 years), whereas the
high-grade dysplasia patients without subsequent develop-
ment of adenocarcinoma included seven males and five
females with a mean age of 66 years (range: 47-84 years).

SPRINGER NATURE
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present in this DNA histogram, in addition to a normal diploid
population (green). ¢, d Another example of low-grade dysplasia.
DNA histogram shows elevated 4N fraction >6%, but there is no
distinct aneuploid peak

Not surprisingly, five (83%) of the six patients with
adenocarcinoma underwent pancreaticoduodenectomy. Of
the remaining 12 high-grade dysplasia patients without
subsequent detection of adenocarcinoma, 5 patients (42%)
underwent endoscopic resection, but there was no evidence
of resection in our database for the other 7 patients (58%)
within a mean follow-up time of 5 months (range: 12 days—
15 months).

Based on the Kaplan—Meier curves, the overall detection
rates of adenocarcinoma in all high-grade dysplasia patients
(regardless of flow cytometric results) were 34% and 47%
within 1 and 2 years, respectively (95% confidence inter-
vals =[16-63%] and [23-79%], respectively) (Fig. 4c).
More interestingly, 1- and 2-year detection rates of adeno-
carcinoma in high-grade dysplasia patients with DNA
content abnormality were 37% and 37%, respectively,
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Table 3 Univariate and multivariate Cox proportional hazards models
with high-grade dysplasia or ampullary adenocarcinoma as the
outcome in patients with low-grade dysplasia

Outcome of low-grade
dysplasia

Detection of high-grade
dysplasia or adenocarcinoma

95% confidence
interval

p-value HR

Univariate Cox model

Abnormal flow <0.01 16.8 4.6-78.3

Normal flow

Age 0.01 1.1 1.0-1.1
Male 0.16 4.4 0.8-81.1
Female

Caucasian 0.22 2.2 0.6-79

Non-Caucasian

Familial adenomatous polyposis Yes 0.10 3.7 0.9-25.0
Familial adenomatous polyposis No

Ampullary location 0.72 0.7 0.2-3.6
Peri-ampullary location

Endoscopic appearance of mass Yes 0.04 5.2 1.1-252
Endoscopic appearance of mass No

Size 0.06 1.6 1.0-2.8
Multivariate Cox model

Abnormal flow <0.01 9.8 2.6-48.5
Age 0.17 1.0 1.0-1.1
Endoscopic appearance of mass 0.10 4.0 0.8-20.6

whereas high-grade dysplasia patients in the setting of
normal DNA content had 1- and 2-year detection rates of
25% and 25%, respectively (Fig. 4d). However, this dif-
ference was not statistically significant (p = 0.39) based on
the univariate Cox model, although abnormal DNA content
was associated with an elevated HR of 2.6 (Table 4).
Similarly, age (HR = 1.0, p =0.61), gender (HR =2.7, p =
0.28), ethnicity (HR = 0.8, p =0.83), lesion location (HR
=0.9, p=0.88), endoscopic appearance of mass (HR =
0.9, p=0.91), and lesion size (HR =0.7, p=0.59) were
not significantly associated with subsequent detection of
adenocarcinoma. The HR and confidence interval for
familial adenomatous polyposis were not estimable,
because there was only a single patient with familial ade-
nomatous polyposis in our high-grade dysplasia cohort.

DNA content abnormality in ampullary
adenocarcinoma

Nine (82%) of 11 adenocarcinoma cases (three biopsies
and eight Whipple procedure specimens) demonstrated
DNA content abnormality (Fig. 5; Table 2). All nine
cases showed aneuploidy.

Discussion

Although endoscopic biopsy is still the best method in
obtaining accurate diagnostic information, it is known to
have a high false-negative rate in detecting high-grade
dysplasia or occult foci of adenocarcinoma in ampullary
adenoma or dysplasia. This is a significant concern given
the potential implications to patient care, and thus there is a
need for additional biomarkers that can predict malignancy
in ampullary dysplasia. In this regard, our data demonstrate
that DNA content abnormality has the potential to serve
such a purpose, as abnormal DNA content detected at
baseline low-grade dysplasia was significantly associated
with subsequent detection of high-grade dysplasia or ade-
nocarcinoma with the estimated univariate and multivariate
HRs of 16.8 (p =<0.01) and 9.8 (p =<0.01), respectively
(Table 3). This is of particular importance, because con-
troversy exists regarding the appropriate management of
low-grade dysplasia (resection versus surveillance), even
though pancreaticoduodenectomy has long been considered
the standard procedure for high-grade dysplasia or adeno-
carcinoma. In fact, the majority of low-grade dysplasia
patients (up to 86%) in the setting of abnormal DNA con-
tent were found to have high-grade dysplasia or adeno-
carcinoma within 2 years (Fig. 3b), and thus may benefit
from endoscopic or surgical resection. Our results also
suggest that given the low rate of progression for low-grade
dysplasia patients with normal DNA content (up to 10%
within 7 years), endoscopic surveillance (at least for the
next few years) may be an acceptable alternative to resec-
tion. Although there is no established consensus regarding
the most appropriate surveillance interval, it seems rea-
sonable to perform a repeat endoscopy within 6 months
(to look for high-grade dysplasia or adenocarcinoma) fol-
lowed by follow-up examinations every 3—12 months for at
least 2 years (depending on the degree of clinical suspicion),
and then less frequently thereafter [2, 7, 15, 18, 19, 23].
Of note, we recently reported a similar association of
DNA content abnormality and low-grade dysplasia with
later development of high-grade dysplasia or cancer
in Barrett’s esophagus [38], inflammatory bowel disease
[39, 40], and stomach [41].

Furthermore, our results on low-grade dysplasia cases
indicate that large-scale chromosomal alterations do occur
in a subset of low-grade dysplasia cases (up to 15%), and
that, given the rapid rate of progression of these cases to
high-grade dysplasia or adenocarcinoma, such molecular
events are occurring relatively late during the adenoma—
carcinoma sequence, in spite of the appearance of low-grade
dysplasia. This is further supported by the previous finding
that allelic losses at chromosomes 17p and 18q are frequent
alterations involved in the development of adenocarcinoma
(53% and 34%, respectively) and significantly associated

SPRINGER NATURE
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Fig. 3 a Overall detection of high-grade dysplasia or adenocarcinoma
in all low-grade dysplasia patients regardless of flow cytometric
results. The detection rates of high-grade dysplasia or adenocarcinoma
were 17%, 26%, and 38% within 1, 2, and 7 years, respectively. Each
tick represents a patient being censored. b Detection of high-grade
dysplasia or adenocarcinoma in low-grade dysplasia patients with

with shortened patient survival [32]. In that study, the
relative risk of death within 5 years for adenocarcinoma
patients with chromosome 17p loss was 11 times greater
than that for those who retained both alleles (p = <0.01).
This is also consistent with the previous report that there is a
significant difference in the median survival time between
patients with diploid and aneuploid adenocarcinoma (159
versus 24 months, p = 0.03) [46].

As for high-grade dysplasia, although most clinicians
would agree that patients with adenocarcinoma should be
offered pancreaticoduodenectomy [47], some argue that
endoscopic resection is a credible curative option for high-
grade dysplasia [23, 48]. Since the diagnosis of high-grade
dysplasia is an indication for at least endoscopic resection, it
is critical that its diagnosis be confirmed prior to resection.
In this regard, the majority of high-grade dysplasia biopsies
(up to 72%) showed DNA content abnormality, while all of
the non-dysplastic biopsies demonstrated normal DNA
content, suggesting that DNA flow cytometry can provide
confirmatory evidence to a morphologic suspicion of high-
grade dysplasia in challenging cases, as well as in situations
where there is discordant interpretation among gastro-
intestinal pathologists. In our series, we also note that up to
47% of high-grade dysplasia patients (regardless of flow
cytometric results) were subsequently found to have ade-
nocarcinoma within 2 years (Fig. 4c), arguing that these
patients may benefit from aggressive surgical management
(such as pancreaticoduodenectomy) rather than endoscopic
resection. In support of this, Kim et al. demonstrated that up
to 50% of high-grade dysplasia cases were found to have
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abnormal DNA content at baseline. One-, 2-, and 7-year detection rates
of high-grade dysplasia or adenocarcinoma in low-grade dysplasia
patients with abnormal DNA content were 57%, 86%, and 88%,
respectively, whereas 1-, 2-, and 7-year detection rates in low-grade
dysplasia patients with normal DNA content were 10%, 10%, and
10%, respectively. Each tick represents a patient being censored

coexisting cancer [10]. Similarly, Meneghetti et al. [49] and
Heidecke et al. [50] reported the rate of coexistence of
adenocarcinoma in high-grade dysplasia patients as 100%
and 44%, respectively. However, it should be noted that
while DNA content abnormality in the setting of high-grade
dysplasia was associated with an elevated HR of 2.6 for
subsequent detection of adenocarcinoma, this finding did
not achieve statistical significance in the present sample size
(p =0.39) (Table 4).

The high frequency of DNA content abnormality in high-
grade dysplasia and ampullary adenocarcinoma in our series
is consistent with the previous finding that adenocarcinoma
with chromosomal instability represents the largest subtype
of ampullary adenocarcinoma [32, 48-52]. In fact, the
majority of adenocarcinoma cases (80-85%) are known to
harbor chromosomal changes [32, 51-55], including early
chromosome 5q loss as well as late allelic losses involving
chromosomes 17p and 18q at the time of the adenoma-
carcinoma transition. By contrast, a small subset of adeno-
carcinoma cases (15-20%) are known to exhibit micro-
satellite instability without significant chromosomal losses,
and they are associated with a good prognosis [32, 52]. We
also note that the frequency of DNA content abnormality in
our adenocarcinoma cohort (82%) is higher than the pre-
viously reported (51%) [46]. This may be attributed to
“dilutional effect” since this earlier study failed to macro-
scopically dissect malignant cells from the background nor-
mal cells, leading to an increase in the proportion of normal
epithelial cells and thus reducing the sensitivity to detect
malignant epithelial cells with abnormal DNA content.
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Fig. 4 a High-grade dysplasia shows severe cytologic atypia, includ-
ing enlarged, round nuclei and loss of polarity. b DNA histogram
shows a discrete aneuploid peak (red) that is distinct from a normal
diploid population (green). ¢ Overall detection of adenocarcinoma in
all high-grade dysplasia patients regardless of flow cytometric results.
One- and 2-year detection rates were 34% and 47%, respectively.
Each tick represents a patient being censored. d Detection of

It is interesting to note that although 17% of ampullary
dysplasia in our cohort developed in the setting of familial
adenomatous polyposis, there was no significant association
between familial adenomatous polyposis and subsequent
detection of high-grade dysplasia or adenocarcinoma (p =
0.10) (Table 3). However, this is consistent with the pre-
vious finding that the risk for high-grade dysplasia or
adenocarcinoma is not significantly increased in patients
with familial adenomatous polyposis [2, 5, 6, 8]. In fact,
Burke et al. reported only 11% of patients with familial
adenomatous polyposis (12 of 105 patients) had progression
of histology when followed over 4 years [6]. Matsumoto
et al. also demonstrated that of 12 low-grade dysplasia
patients, only 3 patients (25%) developed high-grade

adenocarcinoma in high-grade dysplasia patients with abnormal DNA
content at baseline. One- and 2-year detection rates of adenocarcinoma
in high-grade dysplasia patients with DNA content abnormality were
37% and 37%, respectively, whereas high-grade dysplasia patients in
the setting of normal DNA content had 1- and 2-year detection rates of
25% and 25%, respectively

dysplasia over 10 years [8]. Similarly, we found that
none of the lesion-specific risk factors (such as location,
endoscopic appearance, and size) was associated with
subsequent detection of high-grade dysplasia or adeno-
carcinoma in the univariate and/or multivariate analysis. For
instance, lesion size was not a significant risk factor in our
cohort, but this may be due to the fact that the majority of
lesions were relatively small with a mean size of 2cm. In
support of this, patients with tumor size <2.4 cm have been
reported to have long-term successful outcomes after
endoscopic resection [2, 5, 24]. Of note, although flat
dysplasia in inflammatory bowel disease, especially in the
setting of DNA content abnormality, has been shown to
be significantly associated with subsequent detection of
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Table 4 Univariate Cox
proportional hazards model with
ampullary adenocarcinoma as
the outcome in patients with

Outcome of high-grade dysplasia

Detection of adenocarcinoma

high-grade dysplasia Univariate Cox model p-value HR 95% confidence interval
Abnormal flow 0.39 2.6 0.4-52.5
Normal flow
Age 0.61 1.0 0.9-1.1
Male 0.28 2.7 0.5-20.1
Female
Caucasian 0.83 0.8 0.2-4.6

Non-Caucasian

Familial adenomatous polyposis Yes
Familial adenomatous polyposis No

Ampullary location
Peri-ampullary location

Endoscopic appearance of mass Yes
Endoscopic appearance of mass No

Size

Not estimable Not estimable Not estimable

0.88 0.9 0.2-4.8
0.91 0.9 0.1-7.7
0.59 0.7 0.2-1.9

12113

10901

9690

8479

72684

6056

Count

48451

3634

24234

12119

T - - - - T -
80.0 160.0 2400 3200 400.0 480.0 560.0 640.0 720.0 800.0|
DAPI(UV)-A

Fig. 5 a Ampullary adenocarcinoma with submucosal invasion. b DNA histogram shows a distinct aneuploid population (red) in addition to a

normal diploid population (green)

high-grade dysplasia or colorectal cancer [39], no such
association was noted in ampullary dysplasia, as none of
seven flat lesions (including five low- and two high-grade
dysplasia) showed DNA content abnormality or developed
high-grade dysplasia or adenocarcinoma on follow-up.
There are some limitations to our study. First, the Uni-
versity of California at San Francisco is a high-volume
referral center, and hence referral bias cannot be ruled out,
although the direction of such bias is difficult to predict in
this setting. Second, we cannot entirely exclude the possi-
bility that some of the demographic (age, gender, ethnicity,
and history of familial adenomatous polyposis) and lesion-
specific risk factors (location, endoscopic appearance, and
size) may be associated with an increased risk for
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subsequent detection of high-grade dysplasia or adeno-
carcinoma with a longer follow-up time. Finally, some may
argue that high-grade dysplasia/adenocarcinoma cases
identified within the first year of ampullary dysplasia
diagnosis may represent missed high-grade dysplasia/ade-
nocarcinoma (rather than true neoplastic progression) at the
time of biopsy. However, these types of cases are worth-
while to identify using DNA flow cytometry, given the
limited accuracy of endoscopic biopsy in detecting
high-grade dysplasia or adenocarcinoma within ampullary
adenoma or dysplasia.

In conclusion, the presence of DNA content abnormality
can identify a subset of low-grade dysplasia patients who
are at increased risk for developing high-grade dysplasia or
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adenocarcinoma and thus may benefit from resection. By
contrast, low-grade dysplasia patients in the setting of
normal DNA content may be conservatively followed with
surveillance endoscopy (or endoscopic resection in symp-
tomatic patients), especially given the relatively high rates
of complications following resection. The finding of DNA
content abnormality can also provide confirmatory evidence
to a morphologic suspicion of high-grade dysplasia, which
should be managed with resection, as nearly 50% of the
high-grade dysplasia patients were found to have adeno-
carcinoma within 2 years.
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