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Objective
To review the features of patients with benign and malignant
cystadenomas of the pancreas, focusing on preoperative di-
agnostic accuracy and long-term outcome, especially for
nonoperated serous cystadenomas and resected cystadeno-
carcinomas.

Summary Background Data
Serous cystadenomas (SCAs) are benign tumors. Mucinous
cystic neoplasms should be resected because of the risk of
malignant progression. A correct preoperative diagnosis of
tumor type is based on morphologic criteria. Despite the high
quality of recent imaging procedures, the diagnosis frequently
remains uncertain. Invasive investigations such as en-
dosonography and diagnostic aspiration of cystic fluid may be
helpful, but their assessment is limited to small series. The
management of typical SCA may require resection or obser-
vation. Survival after pancreatic resection seems better for
cystadenocarcinomas (MCACs) than for ductal adenocarcino-
mas of the pancreas.

Methods
Three hundred ninety-eight cases of cystadenomas of the
pancreas were collected between 1984 and 1996 in 73 insti-
tutions of the French Surgical Association. Clinical presenta-
tion, radiologic evaluation, and surgical procedures were ana-
lyzed for 144 operated SCAs, 150 mucinous cystadenomas
(MCAs), and 78 MCACs. The outcome of 372 operated pa-
tients and 26 nonoperated patients with SCA was analyzed.

Results
Cystadenomas represented 76% of all primary pancreatic
cystic tumors (398/522). An asymptomatic tumor was discov-
ered in 32% of patients with SCA, 26% of those with MCA,
and 13% of those with MCAC. The tumor was located in the
head or uncinate process of the pancreas in 38% of those
with SCA, 27% of those with MCA, and 49% of those with
MCAC. A communication between the cyst and pancreatic

duct was discovered in 0.6% of those with SCA, 6% of those
with MCA, and 10% of those with MCAC. The main investiga-
tions were ultrasonography and computed tomography (94%
for SCA, MCA, and MCAC), endosonography (34%, 28%,
and 22% for SCA, MCA, and MCAC respectively), endo-
scopic retrograde cholangiopancreatography (16%, 14%,
22%), and cyst fluid analysis (22%, 31%, 35%). An accurate
preoperative diagnosis of tumor type was proposed for 20%
of those with SCA (144 cases), 30% of those with MCA, and
29% of those with MCAC. An atypical unilocular macrocyst
was observed in 10% of SCA cases. The most common mis-
diagnosis for mucinous cystic tumors was pseudocyst (9% of
MCAs, 15% of MCACs). Intraoperative frozen sections (126
cases) allowed a diagnosis according to definitive histologic
examination in 50% of those with SCA and MCA and 62% of
those with MCAC. For management, 93% of patients under-
went surgery. Nonoperated patients (7%) had exclusively typi-
cal SCA. A complete cyst excision was performed in 94% of
benign cystadenomas, with an operative mortality rate of 2%
for SCA and 1.4% for MCA. Resection was possible in 74%
of cases of MCAC. Mean follow-up of 26 patients with nonre-
sected SCAs was 38 months, and no patients required sur-
gery. For resected MCACs, the actuarial 5-year survival rate
was 63%.

Conclusions
Spiral computed tomography is the examination of choice for
a correct prediction of tumor type. Endosonography may be
useful to detect the morphologic criteria of small tumors. Di-
agnostic aspiration of the cyst allows differentiation of the
macrocystic form of SCA (10% of cases) and the unilocular
type of mucinous cystic neoplasm from a pseudocyst. Surgi-
cal resection should be performed for symptomatic SCAs, all
mucinous cystic neoplasms, and cystic tumors that are not
clearly defined. Conservative management is wholly justified
for a well-documented SCA with no symptoms. An extensive
resection is warranted for MCAC because the 5-year survival
rate may exceed 60%.

ANNALS OF SURGERY
Vol. 230, No. 2, 152–161
© 1999Lippincott Williams & Wilkins, Inc.

REVIEW

152



Cystic tumors of the pancreas, a pathologically heteroge-
neous group currently diagnosed more frequently because
of the wider availability of imaging procedures, account for
approximately 10% to 15% of cystic lesions of the pancre-
as.1 Benign cystadenomas (serous and mucinous) and mu-
cinous cystadenocarcinomas (MCACs) represent.75% of
all cystic tumors of the pancreas.1 Serous cystadenomas
(SCAs) are benign tumors, and serous cystadenocarcinomas
are extremely rare.2 Mucinous cystadenomas (MCAs)
should be resected because of the risk of progression to
MCAC.

There is still considerable controversy about the treat-
ment of cystadenomas of the pancreas. Most authors rec-
ommend resection whenever possible because of the diffi-
culty in determining which tumors are malignant or
potentially malignant,3 whereas others consider that asymp-
tomatic SCAs can be observed safely for years.4,5 However,
making the correct preoperative diagnosis of pancreatic
cysts is often difficult despite modern imaging tests and,
more recently, cyst fluid analysis.6

The present study was designed to assess the clinical
parameters, diagnostic tests, pathologic features, and long-
term results of cyst excision in a survey of 398 cystadeno-
mas and cystadenocarcinomas of the pancreas.

METHODS

Five hundred twenty-two cases of primary cystic pancre-
atic neoplasms seen during a 13-year period from January
1984 to December 1996 were collected in a multicenter
retrospective study involving surgeon members of the
French Surgical Association working in 73 adult surgical
units. A median of 3.5 patients (range 1 to 66) was contrib-
uted by each unit (only one case each for 21 units). The
clinical history, main investigations, tentative diagnosis,
histologic findings, type and results of the surgical proce-
dure (except for nonoperated SCAs), and follow-up were
obtained for each case.

The diagnostic categories of the survey, according to
Kloppel’s classification,7 are shown in Table 1. We col-
lected 398 cases of cystadenomas and cystadenocarcino-
mas, which represented 76% of all primary pancreatic cystic
tumors.

Statistical analysis was performed to compare data be-
tween the MCA group and the MCAC group. Fisher’s exact
test was used to analyze proportions between the two groups
and Student’s t test for comparison of quantitative data. A
probability value,0.05 was considered statistically signif-
icant. Survival for the MCAC group was calculated by the
Kaplan–Meier method, and survival curves between re-

sected carcinomas and nonresected carcinomas were ob-
tained using the log-rank test.

RESULTS

The characteristics and symptoms of the 398 patients
(170 SCAs, 150 MCAs, 78 MCACs) are summarized in
Table 2. The median age of patients was 58.5 years for those
with SCA, 50.5 for those with MCA, and 65 for those with
MCAC, with a statistically significant difference between
MCA and MCAC (p, 0.001). Female predominance was
the same for SCA and MCA (86% and 87%). Sex distribu-
tion was different between MCA and MCAC (87%vs.61%
of women), and the difference was statistically significant
(p , 0.001). Twenty-eight patients with SCA (16%) had a
previous (n5 20) or concurrent (n5 8) extrapancreatic
neoplasm. Another associated pancreatic neoplasm oc-
curred in seven cases: adenocarcinoma (n5 2), intraductal
papillary and mucinous tumor (n5 2) or islet cell tumor
(n 5 3). In three cases, SCA was noted in patients with renal
cell carcinoma and von Hippel-Lindau disease. For MCA, a
previous (n5 5) or concurrent (n5 9) extrapancreatic
neoplasm was noted in 14 patients (9%). Another pancreatic
neoplasm was associated in four cases: adenocarcinoma
(n 5 2) and islet cell tumor (n5 2). A case of MCAC was
associated with polycystic disease of the kidney.
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Table 1. PRIMARY CYSTIC NEOPLASMS
OF THE PANCREAS (522 CASES)

ACCORDING TO KLOPPEL’S
CLASSIFICATION

Type of Tumor No. of Patients %

Epithelial Tumors
Serous cystadenoma 170 32.6
Mucinous cystadenoma 149 28.5
Cystadenocarcinoma 79 15.1
Intraductal papillary mucinous tumor 55 10.6
Pseudopapillary and solid tumor 22 4.2
Teratoma 2 0.4
Acinous cystadenocarcinoma 1 0.2
Adenosquamous carcinoma 1 0.2
Mucinous cystic adenocarcinoma 7 1.3

Nonepithelial Tumors
Cystic islet cell tumor 13 2.5
Vascular tumor

Lymphangioma 4 0.8
Hemangiopericytoma 1 0.2

Leiomyosarcoma 1 0.2
Lymphoma 1 0.2

Pseudotumors
Single cyst 8 1.5
Polycystic disease

Exclusively pancreatic 2 0.4
With hepatorenal disease 2 0.4
von Hippel-Lindau disease 4 0.8

Data from French Surgical Association survey, 1984–1996.
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Serum CA19-9 levels were elevated (.37 IU/ml) in
12% of patients with SCA (10/81), 21% of those with
MCA (15/72), and 70% of those with MCAC (33/47);
there was a significant statistical difference (p, 0.001)
between MCA and MCAC. The size and location of the
cyst, as well as the communication between the pancre-
atic duct and the cyst cavity observed in resected speci-
mens, are indicated in Table 3. Location in the head of
the pancreas was noted for 38% of patients with SCA,
27% of those with MCA, and 49% of those with MCAC;
there was a statistically significant difference between
MCA and MCAC (p , 0.001).

The main investigations and findings are shown in Tables
4 and 5. No preoperative exploration was performed for 12
tumors found incidentally during laparotomy (6 SCA, 5
MCA, 1 MCAC). For nonoperated patients with SCA (n5
26), ultrasonography, computed tomography (CT), and en-

doscopic ultrasonography were performed in 58% of pa-
tients (15/26) and cyst fluid analysis in 42% (11/26). Sep-
tations (23%), central calcifications (16%), clusters of small
cysts (16%), and single macrocysts (10%) were the main
morphologic findings in patients with SCA. The most typ-
ical features of MCA were loculations (24%) and peripheral
calcifications (10%). The major signs for MCAC were pe-
ripheral calcifications (13%), vascular involvement (12%),
and a solid eccentric component (10%). Pancreatography,
performed in 14% of patients with MCA (20/145) and 22%
of those with MCAC (17/77), revealed pancreatic duct
communication in 15% of those with MCA and 47% of
those with MCAC. Results of the cytologic examination of
cyst fluids obtained by fine-needle aspiration biopsy in 77
patients are summarized in Table 6. Typical cells—glyco-
gen-rich cells for SCA, mucin-secreting columnar cells for
MCA, and malignant cells for MCAC—were observed in

Table 2. CHARACTERISTICS AND SYMPTOMS OF 398 PATIENTS WITH CYSTADENOMA
AND CYSTADENOCARCINOMA OF THE PANCREAS

Characteristics and
Symptoms

Serous Cystadenoma
(n 5 170)

Mucinous Cystadenoma
(n 5 150)

Cystadenocarcinoma
(n 5 78)

Age (years)
Mean 56.6 52 63.6
Range 18–89 20–80 29–89

Sex (%)
Male 14 13 39
Female 86 87 61

Symptoms (%)
Pain 71 64 59
Abdominal mass 22 25 16
Jaundice 7 4 32
Acute pancreatitis 2 4 8
Weight loss 4 6 13
Asymptomatic 32 26 14

Association (%)
Diabetes mellitus 5 5 16
Portal hypertension 5 10 12
Previous or associated cancer 16 9 13

Previous pancreatic operation (%) 3 2 18

Table 3. SITES AND GROSS CHARACTERISTICS OF CYSTADENOMAS AND
CYSTADENOCARCINOMAS IN 398 PATIENTS

Sites and Gross Characteristics
Serous Cystadenoma

(n 5 170)
Mucinous Cystadenoma

(n 5 150)
Cystadenocarcinoma

(n 5 78)

Site (%)
Head 38 27 49
Body 41 15 32
Tail 20 58 16.5
Entire pancreas 1 0 2.5

Size (cm)
Mean diameter 4.9 6.3 6.6
Range 2–22 1–20 1.5–22

Pancreatic duct communication (%) 0.6 6 10
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10% of patients with SCA, 4% of those with MCA, and
29% of those with MCAC.

Tumor marker determinations in cyst fluids (carcinoem-
bryonic antigen [CEA], CA19-9) were interpretable in 27
cases (Table 7). Carcinoembryonic antigen values were low
(,4 ng/ml) in all cases of SCA (n5 9), high (.5 ng/ml) in
92% of cases of MCA (n5 14), and very high (.40 ng/ml)
for 75% of cases of MCAC (n5 4). The CA19-9 level was
less than 6500 U/ml for all SCAs.

Table 8 lists the presumed preoperative diagnosis for
349 patients (133 CSA, 144 MCA, 72 MCAC) who
underwent a surgical procedure. In 26 nonoperated pa-
tients, the diagnosis of SCA was based on typical mor-
phologic features and cyst fluid analysis. An accurate
diagnosis was noted for 20% of operated patients with
SCA, 30% of those with MCA, and 29% of those with
MCAC. The most frequently proposed diagnosis for be-
nign cystadenomas was unspecified cystadenoma (38%
for SCA, 34% for MCA). For MCAC, a diagnosis of
mucinous cystic neoplasm was proposed in 42% of cases.
The most common misdiagnosis for mucinous cystic
tumors was pseudocyst (9% for MCA, 15% for MCAC).

Intraoperative frozen sections were obtained from 126
patients (histologic findings are shown in Table 9). The
intraoperative diagnosis was concordant with the defini-
tive diagnosis in 50% of cases of SCA, 50% of cases of
MCA, and 62% of cases of MCAC.

Ninety-three percent of patients underwent surgery
(372/398). Those who did not (7%; 26/398) had typical
paucisymptomatic SCA. All patients with MCA (n5
150) and MCAC (n5 78) underwent surgery. Surgery
involved complete cyst excision in 94% of benign cys-
tadenomas (135/144 SCA, 140/150 MCA). The other
procedures were partial resection (six MCAs, two SCAs),
biopsy (five SCAs, one MCA), biliary bypass (one SCA,
two MCAs), and cystoenterostomy (one MCA). A resec-
tion was technically possible in 74% of MCACs (58/78)
and was extended for local visceral or vascular involve-
ment in 26% of resected MCACs (15/58). Aggressive
resections were extended to colectomy (n5 4), gastrec-
tomy (n 5 4), nephrectomy (n5 1), hepatic resection
(n 5 2), and mesentericoportal venous resection (n5 4).
A positive resection margin was found in 9% of resected
MCACs (5/58). Lymph node status was clearly defined

Table 5. MAIN FINDINGS OF MORPHOLOGIC INVESTIGATIONS IN 386 PATIENTS WITH
CYSTADENOMA OR CYSTADENOCARCINOMA OF THE PANCREAS

Investigations

Serous Cystadenoma
(n 5 164)

Mucinous Cystadenoma
(n 5 145)

Cystadenocarcinoma
(n 5 77)

Findings % Findings % Findings %

Ultrasonography Calcifications 16% Calcifications 10% Calcifications 13%
Computed tomography Septations 23% Solid component 10%
Endoultrasonography Macrocysts 10% Loculations 24% Metastatic lymph nodes 5%
Arteriography Hypervascular mass 36% Hypervascular mass 9% Vascular invasion 12%
Pancreatography Pancreatic duct

distortion or
obstruction

50% Pancreatic duct
communication

15% Pancreatic or biliary duct
communication

47%

Table 4. INVESTIGATIONS IN 398 PATIENTS WITH CYSTADENOMA AND
CYSTADENOCARCINOMA OF THE PANCREAS

Investigations (%)

Serous Cystadenoma

Mucinous Cystadenoma
(n 5 150)

Cystadenocarcinoma
(n 5 78)

Operated
(n 5 144)

Nonoperated
(n 5 26)

US 1 CT 91% 96% 94% 94%
US 1 CT 1 EUS 28% 58% 26% 22%
Arteriography 24% 0% 16% 25%
ERCP 20% 0% 14% 22%
MRI/pancreato-MRI 14% 0% 4% 5%
Cyst fluid analysis 19% 42% 31% 35%

US, ultrasonography; CT, computed tomography; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasonography; MRI, magnetic reso-
nance imaging.
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for 44 resected MCACs, and lymph node metastases were
observed in 25% (11/44) of the cases. Histopathologic
examination of resected specimens (n5 58) showed the
coexistence of benign-appearing and malignant epithelia
in 55% of cases (32/58). In 45% of cases, there was no
area of benign-appearing epithelium. Adjuvant chemo-
therapy and/or radiation therapy was performed after
resection in 34% of cases (20/58). In two cases, MCAC
became resectable after neoadjuvant therapy. A palliative
procedure was performed in patients with unresectable
MCAC (20/78): biliary bypass (n5 12), partial resection
(n 5 2), neurectomy (n5 2), external drainage (n5 1),
and biopsy alone (n5 3).

Surgical procedures and mortality rates for the 333
patients who underwent pancreatic resection are shown in
Table 10. The postoperative mortality rates after pancre-
atic resection were 2.2%, 1.4%, and 7% respectively for
patients with SCA (3/135), MCA (2/140), and MCAC
(4/58). For pancreatoduodenectomy, postoperative mor-
tality rates were 2% for patients with SCA (1/42), 4% for
MCA (1/26), and 11% for MCAC (3/27). With left pan-
createctomy, there were no postoperative deaths for pa-
tients with SCA (n562); the death rate was 1% for
patients with MCA (1/95) and 3% for those with MCAC
(1/29). There were no postoperative deaths after isthmic
resection for SCA (n5 14) and MCA (n5 3). After
enucleation, the postoperative mortality rate was 8% for

patients with SCA (1/13) and 0% for MCA (n5 15). The
cause of postoperative death after enucleation for SCA
was a necrotizing pancreatitis.

For SCA, mean follow-up after surgery was 44 months
for 141 patients (three postoperative deaths), including
28% (40/141) for.5 years. There were no SCA-related
deaths, but recurrence of SCA was observed in two cases.
Mean follow-up was 38 months for the 26 nonoperated
patients, none of whom required surgery. For MCA,
mean follow-up was 47 months for 147 surviving patients
(three postoperative deaths), including 32% (47/147) for
.5 years. One hundred thirty-six were alive with no
evidence of disease, whereas six died of an unrelated
cause and one of pancreatic adenocarcinoma associated
with MCA. In four cases, a new pancreatic cystic lesion
was observed: two MCAs after partial resection, a second
MCA and a pseudocyst. There were no cases of MCAC.
For the subset of borderline tumors (n5 13), mean
follow-up was 55 months, with no recurrences. For pa-
tients with resected MCAC, the actuarial 5-year survival
rate was 63%. Two patients with late local recurrence
underwent a second resection 5 and 10 years after the
initial pancreatectomy. The second procedure was an
extended pancreatectomy with colectomy after an initial
limited distal resection and a total pancreatectomy after
an initial Whipple’s resection. The nonresected group
had a 2-year survival rate of 12% (Fig. 1).

Table 6. CYTOLOGIC ANALYSIS OF CYST FLUIDS IN 77 PATIENTS WITH
CYSTADENOMA OR CYSTADENOCARCINOMA OF THE PANCREAS

Cytologic Findings
Serous Cystadenoma

(n 5 32) (%)
Mucinous Cystadenoma

(n 5 24) (%)
Cystadenocarcinoma

(n 5 21) (%)

Acellular 50 67 28.5
Glycogen-rich epithelial cells 10 0 0
Mucinous cells 0 4 5
Malignant cells 0 0 28.5
Inflammatory cells 0 8 5
Nonpathologic cells 40 21 33

Table 7. TUMOR MARKER VALUES IN CYST FLUID ANALYSIS FOR 27 PATIENTS WITH
CYSTADENOMA OR CYSTADENOCARCINOMA

Tumor Marker
Serous Cystadenoma

(n 5 9) (%)
Mucinous Cystadenoma

(n 5 14) (%)
Cystadenocarcinoma

(n 5 4) (%)

CEA values (ng/ml)
0–5 100 8 0
5–40 0 0 25
.40 0 92 75

CA19-9 values (U/ml)
0–6500 100 20 25
6500–50 000 0 0 75
.50,000 0 80 0
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DISCUSSION

Serous Cystadenoma

Serous cystadenomas are benign cystic tumors composed
of cuboidal epithelium producing serous fluid.7 This most
common single type of cystic tumor is largely predominant
in women and is asymptomatic in a third of cases.1 When
symptoms occur, they usually involve mild upper abdomi-
nal pain and concern the abdominal mass. Although up to
50% of SCAs are located in the head of the pancreas,1 a
related biliary obstruction is infrequent.8 Acute pancreatitis
is rare and related to an obstruction or rarely to communi-
cation with the pancreatic duct.9 Portal hypertension with-
out bleeding was noted in 5% of operated patients in our
series. Serous cystadenomas are associated with another
extrapancreatic neoplasm in up to 22% of cases10,11 or a
second pancreatic tumor, or are detected during assessment
of von Hippel-Lindau disease.4,12

Typically, SCAs have a microcystic appearance, with
numerous small (,2 cm), well-defined cystic loculations,
central calcifications, enhancement around microcysts after
injection, and larger cysts on the periphery of the mass. The
presence of such CT scan signs is conclusive for diagno-
sis.13–15 In practice, except for centers experienced in pan-
creatic imaging,13,16 preoperative diagnostic accuracy is
about 40% for SCA,4,17 whereas the rate was only 20% in

this survey (see Table 8). There are several possible expla-
nations for these poor results. First, this was a multicenter
study of an unusual disease in which only one cystic tumor
was contributed by 21 of the 73 collaborating centers.
Second, only preoperative diagnoses were considered; in
other words, nonoperated patients with a correct diagnosis
of SCA were excluded. Third, the preoperative diagnosis of
unspecified cystadenoma in 38% of cases was imprecise but
not inaccurate. Fourth, there has been an improvement in
diagnostic accuracy from 11% to 30% since 1990 because
of better knowledge of these tumors and of the contribution
of endoscopic ultrasound to the detection of the microcystic
component of small tumors. Fifth, imaging was inaccurate
for preoperative diagnosis in atypical cases such as the
unilocular macrocystic forms described by Lewandrowski
et al,18 which represented 10% of the cases in our series. In
this situation, preoperative cyst fluid analysis and intraop-
erative biopsy for frozen section can be helpful. Cytologic
and biochemical analysis of pancreatic cyst fluid can reveal
glycogen-rich cells and very low CEA levels.6,19,20 How-
ever, cytologic analysis is acellular in 50% of cases, as in
our series, and does not provide a reliable means of distin-
guishing SCA from mucinous cystic tumor.

A CEA cyst fluid value,5 ng/ml is very indicative of
SCA. A value above this threshold was not found for any
SCA in this series. Intraoperative biopsy may allow a de-

Table 9. INTRAOPERATIVE FROZEN SECTIONS: HISTOLOGIC FINDINGS IN 126 PATIENTS
WITH CYSTADENOMA OR CYSTADENOCARCINOMA OF THE PANCREAS

Histologic Findings (%)
Serous Cystadenoma

(n 5 36)
Mucinous Cystadenoma

(n 5 51)
Cystadenocarcinoma

(n 5 39)

Serous cystadenoma 50% 2% 0%
Benign tumor 22% 25% 0%
Nonspecified cystadenoma 8% 2% 0%
Mucinous cystadenoma 3% 50% 3%
Carcinoma 0% 0% 62%
Pseudocyst 0% 0% 3%
Inconclusive 9% 6% 10%
Others 9% 15% 22%

Table 8. PRESUMED DIAGNOSIS FOR 349 PATIENTS WHO UNDERWENT A SURGICAL
PROCEDURE FOR CYSTADENOMA AND CYSTADENOCARCINOMA

Preoperative Diagnosis (%)
Serous Cystadenoma

(n 5 133)
Mucinous Cystadenoma

(n 5 144)
Cystadenocarcinoma

(n 5 72)

Unspecified cystadenoma 38% 34% 8%
Serous cystadenoma 20% 3% 1%
Mucinous cystadenoma 15% 30% 13%
Cystadenocarcinoma 4% 6% 29%
Pseudocyst 2% 9% 15%
Pancreatic tumor 12% 14% 28%
Adenocarcinoma 4% 6% 1%
Islet cell tumor 2% 0% 0%
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finitive diagnosis but fails to classify a pancreatic cystic
lesion in 20% to 42% of cases because of frequent extensive
denudation of cyst epithelial lining.19,21,22

Most patients with SCA undergo pancreatic resection for
a symptomatic tumor or when the nature of the cystic lesion
cannot be definitively established. In these cases, a conser-
vative procedure is suitable to limit late sequelae, as in
preservation of the pylorus in proximal pancreatectomy,
segmental resection for isthmic/body tumors, and preserva-
tion of the spleen in distal pancreatectomy. Simple cystic
enucleation seems suitable for peripheral lesions, but very
high rates of mortality and morbidity were reported in a
previous series.4 The routine use of prophylactic octreotide
might be considered for this indication to decrease the high
rate of pancreatic fistula. The decision to perform pancreatic
resection is easier for body/tail tumors, which are not sub-
ject to surgical mortality (as in our series), than for proximal
tumors, which have an operative mortality rate of up to 2%.
Some authors have suggested that cystic lesions with a
presumptive diagnosis of SCA should simply be ob-
served.4,5 Thus, conservative management seems warranted
for a well-documented symptom-free SCA without duct or
vascular obstruction, although this strategy has not been
clearly evaluated.

With a mucinous cystic tumor, there is a potential risk of
misdiagnosis, particularly for macrocystic forms or islet cell
tumor. Doubtful tumors should be resected. Another lesser
risk is incorrect treatment of a serous cystadenocarcinoma,
a low-grade carcinoma representing an extremely rare ma-
lignant form of SCA (only five cases have been reported2,23–

26). Finally, in some nonoperated patients with proximal
SCA, complications unpredictably develop, such as obstruc-
tive jaundice, pancreatic duct dilatation, or portal encase-
ment, and require surgery. Conservative management im-
plies monitoring by at least annual ultrasound. In our series,
26 patients were observed, and none required surgery after
a mean follow-up of 38 months.

Mucinous Cystadenoma

Mucinous cystadenomas are benign cystic tumors com-
posed of columnar mucin-producing epithelium,7 including
borderline tumors defined by the existence of moderately
dysplastic changes. They are detected in nearly 90% of
cases in women, whose mean age is lower than that for
SCA.8,22,27 The clinical presentation is identical for both
benign MCA and SCA, although recurrent pancreatitis is
more frequent in MCA; this suggests a possible communi-
cation between the cyst and the pancreatic duct. Almost
75% of MCAs are located in the body/tail region. Therefore,
left-sided portal hypertension can be observed on surgical
exploration (10% in our series), whereas bleeding is excep-
tional. An asymptomatic or minimally symptomatic MCA is
detected in 25% of cases by ultrasound or CT scan.

Typically, the CT scan shows large cysts with septa,
peripheral calcifications, and sometimes a solid intracystic
component. A large multilocular cyst should be resected
without further investigation because of the risk of malig-
nant progression,27 which is probably high but is difficult to
determine.28 A large unilocular cyst, in the absence of any
history of pancreatitis or of pathologic features in the pan-
creas, is probably a mucinous neoplasm and should be
resected.15 If there is a history of pancreatitis or any uncer-

Table 10. SURGICAL PROCEDURES AND MORTALITY RATES FOR 333 PATIENTS WHO
UNDERWENT PANCREATIC RESECTION FOR CYSTADENOMA AND

CYSTADENOCARCINOMA OF THE PANCREAS

Surgical
Procedures

Serous Cystadenoma
(n 5 135)

Mucinous Cystadenoma
(n 5 140)

Cystadenocarcinoma
(n 5 58)

n

Mortality

n

Mortality

n

Mortality

n (%) n (%) n (%)

Whipple procedure 42 1 2 26 1 4 27 3 11
Left pancreatectomy 62 0 — 95 1 1 29 1 3
Isthmic resection 14 0 — 3 0 — 0 0 —
Total pancreatectomy 4 1 25 1 0 — 2 0 —
Enucleation 13 1 8 15 0 — 0 0 —

Figure 1. Survival rate for resected (n 5 58) and nonresected (n 5 20)
cystadenocarcinomas (Kaplan–Meier).
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tainty about macrocystic SCA, examination of cyst fluid can
discriminate between a pseudocyst and SCA. Biochemical
examination of the aspirates in MCA has shown low levels
of pancreatic enzymes and high CEA levels.6,19 Cytologic
analysis can reveal the presence of mucin-containing cells29

but is frequently uninformative. In practice, the main risk is
misdiagnosis of pseudocyst; this rate has reached 37% to
57% in some series21,22 but seems at present to be approx-
imately 9%,1 as in our series. The risk of confusion in-
creases in case of a pancreatic duct connection, which can
result in recurrent pancreatitis and high levels of pancreatic
enzymes in cyst fluid. Endosonography may detect muci-
nous content, especially in small MCAs.30 Endoscopic pan-
creatography or magnetic resonance pancreatography can
show the communication between a normal pancreatic duct
in the absence of changes suggestive of chronic pancreati-
tis.31 Discovery of a pancreatic duct communication is
infrequent (6% in our series). A review of the literature
showed only 27 cases of such communicating MCAs,28

which raises the question of a possible intraductal papillary
mucinous tumor.32

At laparotomy, when the distinction between pseudocyst
and MCA is unclear, intraoperative biopsy of the cystic wall
can be useful. The presence of epithelium indicates that the
cyst is neoplastic and should be resected. However, epithe-
lium is incomplete in 72% of cases, and the absence of
epithelium does not rule out a mucinous neoplasm.1 Intra-
operative biopsy in our experience allowed correct histo-
logic diagnosis in only half of cases.

Management of MCA is less controversial than that for
SCA; it involves complete resection, which is often rela-
tively straightforward, given the preponderance of distal
lesions.15 A recent study has suggested that enucleation of
MCA can be performed, especially for lesions located in the
head or uncinate process. These cases showed a low rate of
recurrence but a high rate of pancreatic fistulas.3 Enucle-
ation appears to be a debatable procedure because of the risk
of the malignancy of these tumors and the high rate of
postoperative complications. The prognosis after pancreatic
resection is excellent, even for borderline mucinous cystic
tumors,1 as in our series. Follow-up is recommended by
morphologic explorations because of the malignancy poten-
tial and the difficulty in performing a complete histologic
examination. Recurrence is rare but possible.8 During fol-
low-up, the discovery of a pancreatic cyst lesion can be
related to postoperative pseudocyst, a recurrence of muci-
nous tumor linked to incomplete resection, a new mucinous
neoplasm, or, as in one case in our series, a cystadenocar-
cinoma after inadequate histopathologic examination.8

Mucinous Cystadenocarcinoma

Mucinous cystadenocarcinoma, the malignant form of a
mucinous cystic neoplasm, is a cystic carcinoma composed
at least of severely dysplastic mucin-producing columnar
epithelium.7 Objective findings of invasive malignancy

should be required before lesions are designated as MCAC.8

Malignant transformation of benign MCA is recognized but
difficult to prove. There are at least three factors in favor of
malignant transformation of a benign mucinous neoplasm.
First, there are documented observations of mucinous cystic
neoplasms that were quiescent for many years before ac-
quiring malignant features.1,27,33,34In this survey, a cystic
tumor was known to exist in three patients for 8, 11, and 17
years before it was diagnosed as MCAC. Second, the me-
dian age at diagnosis is higher for MCAC than MCA,8,17,35

with a difference of 14.5 years in our survey. Third, the
coexistence of benign-appearing and malignant epithelia on
the histologic examination of resected tumors,1,27as in 55%
of our cases, is an important factor. However, paradoxically,
sex distribution and the anatomic location of lesions differ
between malignant lesions and their benign counterparts.
Female predominance is less noticeable for MCAC,8 and
some recent series have concerned predominantly male cas-
es.35,36According to an analysis of 13 series published since
1978, which collected 156 cases of MCAC,28 the tumor site
was in the head of the pancreas in 46% of cases. This
preferential location for MCAC in the head is contrary to
the usual location of MCA in the body or tail of the
pancreas. It is difficult to explain these differences concern-
ing sex distribution and location, which were also observed
in our series.

Almost all patients are symptomatic,37,38but the absence
of symptoms does not rule out a diagnosis of MCAC, as for
14% of cases in this survey. Obstructive jaundice in 25% to
54% of cases,8,17,34 as well as bleeding related to gastric
involvement, portal hypertension, hemobilia, or hemosuc-
cus,39–41 can be indicative of an aggressive tumor. A pal-
pable abdominal mass is present in 25% of cases.8,17 The
presence of diabetes mellitus, noted in 16% of our cases,
seems strongly suggestive of a malignant mucinous neo-
plasm.42 A particular situation is the case of patients who
had undergone a previous surgical procedure, excluding
pancreatic resection, because of inaccurate diagnosis (15%
in this series). A review of the literature focused on this
problem collected 51 cases of mucinous cystic neoplasm
mistreated by a drainage procedure or prolonged observa-
tion. In 53% of cases, the final diagnosis was malignant
mucinous neoplasm.28 In exceptional cases, MCAC is dis-
covered during pregnancy43 or within the context of a
polycystic disease of the kidney44 (one case of each in our
survey).

Typical MCAC is a thick-walled macrocyst with a solid
component and a peripheral rim of calcifications.22 Dilata-
tion of the main duct, noted on CT scan in 87% of cases in
a recent series,37 can reveal a pancreatic duct communica-
tion. Endosonography is useful in detecting intracystic mu-
ral nodules or extracystic solid components in small tu-
mors.36 In practice, correct prediction of tumor type is
achieved in 32% to 43% of cases.17,36 The main risk is
misdiagnosis of pseudocyst subsequent to inappropriate
treatment and prolonged observation, which jeopardizes the
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chances for cure.1 Some biologic and morphologic investi-
gations can help prevent this mistake. Elevated serum
CA19-9 levels have been reported in 75% of cases.20,45

Serum amylase levels are normal except in cases of com-
munication with the pancreatic duct (10% of cases in our
survey). Endoscopic retrograde cholangiopancreatography
can suggest a malignant lesion by demonstrating duct ob-
struction or occlusion or showing a communication between
the pancreatic or biliary duct and the cyst cavity.1,46 Endo-
scopic retrograde cholangiopancreatography should proba-
bly be replaced by noninvasive magnetic resonance pancre-
atography, which allows complete opacification of the
pancreatic duct system.47

Preoperative cyst fluid analysis is debatable because of
the theoretical risk of tumor cell seeding.6,19 In our experi-
ence, no cases of malignant cell seeding along the needle
tract were observed in 21 fine-needle aspirations for MCAC.
Cytologic examination is helpful only when it reveals ob-
viously malignant cells.29 Cytology results were positive in
only 29% of our cases. In a recent study, Bartsch et al37

emphasized the possibility of determining the malignant
potential of cystic tumors of the pancreas by detection of
K-ras mutations in the aspirates of MCAC, although their
experience was limited. High levels of CEA (.400 ng/ml)
and CA19-9 (.50,000 U/ml) in cyst fluid have a good
specificity for differentiating pseudocysts from mucinous
tumors but do not provide reliable determination of malig-
nant tumors.6

Finally, intraoperative biopsy of the cyst wall usually
allows diagnosis of the carcinoma, although an error could
occur when the malignant component is focal.19 In our
series, a correct preoperative diagnosis was established in
only 62% of cases.

An aggressive surgical approach to MCAC is warranted
for at least three reasons. First, curative resection was pos-
sible in 65% of cases in a review of the literature collecting
173 cases of MCAC since 1978,28 and 74% in our survey.
Unlike ductal adenocarcinomas, MCAC tend to be “push-
ers” rather than “invaders,”8 However, in certain conditions,
a resection extended to surrounding viscera or the mesen-
tericoportal vein is warranted, as it was in 26% of our cases.
If metastases are present and resectable, they should be
removed together with the tumor.1 An apparently unresect-
able tumor with no metastases can become resectable after
combined chemoradiation therapy,48 as with two patients in
our survey. Secondly, lymph node involvement, which de-
creases survival, is less common for MCAC than for ductal
adenocarcinomas. In a recent impressive article,49 node-
negative resections were more common for MCAC (64%)
than for ductal adenocarcinomas (30%). In our series, the
incidence of positive lymph nodes was 25% for documented
cases. Third, the prognosis after pancreatic resection is
significantly better for patients with MCAC than for those
with adenocarcinoma of the pancreas.49,50 For resected
MCAC, the 5-year actuarial survival rate has exceeded
50%22,39,50and has even reached 72%34 (it was 63% in our

survey). However, the prognosis for unresected MCAC is as
poor as that for unresected pancreatic adenocarcinoma.1

According to a preliminary report, survival seems to be
correlated with DNA cytometry.51 Patients with aneuploid
aggressive tumors could benefit most from adjuvant chemo-
radiation therapy.35
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