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Chapter 3
Natural History and Malignant
Transformation of Branch Duct IPMN

Hiroyuki Maguchi and Sateshi Tanno

Abstract The number of reports published on the follow-up data of patients with -
- BD-IPMN has been increasing. Accumulating evidence from independent 12 stud-
ies revealed that the mean frequency of morphological changes of BD-IPMN, such
as increased cyst size, increased MPD diameter, and/or appearance or enlargement
of MNs, was 27.4 % (range, 14.9-61.8 %) of 1,293 followed-up patients (follow-up
period, 2.6-8.1 years). Surgical resection was carried outin 9.9 % (range, 0-22.2 %)
of all cases. Among the resected cases, 27.3 % were diagnosed histologically as
malignant. During the follow-up period, malignant transformation was observed in
~only 2.7 %. BD-IPMNs without MNs have a low risk for malignant transformation
. regardless of cyst size at the initial diagnosis. Malignant transformation is associ-
- ated with signs of progression especially appearance or enlargement of MNs and/or
. an increase in the MPD diameter. On the other hand, PDAC develops independently
~in the pancreas distinct from BD-IPMN. The mean frequency of PDAC cccurrence
- was 2.8 % (range, 1.4-8.0 %) of all cases during the follow-up.
In conclusion, careful attention should be paid to the occurrence of PDAC in the
 entire pancreas in addition to progression of BD-IPMN when performing follow-up
examinations in patients with BD-IPMN.

Keywords BD-IPMN ¢ BD-IPMNs without MNs » Follow-up * Guideline 2012
Malignant transformation = MNs * Morphological changes « MPD diameter °
Natoral history  Pancreatic ductal adenocarcinoma (PDAC) « PDAC concomitant
ith IPMN e Progression
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3.1 Introductory Remarks

IPMNs can be classified into three types, i.e., main duct IPMN (MD-IPMN), branch
duct IPMN (BD-IPMN), and mixed type, based on imaging study and/or the histol-
ogy in the revised guidelines (Tanaka et al. 2012). The frequency of malignant
BD-IPMN such as IPMN with high-grade dysplasia or noninvasive cancer and
[PMN with an associated invasive cancer is lower than that of MD-1PMN and mixed
type (Tanaka et al. 2012). Patients with BD-IPMN who do not have any sign of
malignancy may be managed conservatively.

Although the natural history of BD-IPMN is not well established, there have
been an increasing number of reports published on the follow-up data in patients
with BD-IPMN.

3.2 Morphological Change of BD-IPMIN During
the Follow-Up Period

The published reports on the follow-up of BD-IPMN were summarized in Table 3.1
{(Kobayashi et al. 2005; Lee et al. 2007; Rautou et al. 2008; Tanno et al. 2008;
Guarise et al. 2008; Sawai et al. 2010; Uehara et al. 2011; Maguchi et al. 2011;
Arlix et al. 2012; Bae et al, 2012; Ohno et al. 2012; Khannoussi et al. 2012). Total
number of cases was 1,293. The range ol mean initial cyst size and main pancreatic
duct (MPD) diameter was 15-28 mm and 2.4-3.8 mm, respectively. Almost all

Tuble 3.1 Morphological changes of BD-IPMN during follow-up

Initia} imaging findings ,
Number Cyst =~ MPD MN (absent/ Follow-up

Author (year) of cases size (mm) (mm) present) Progression (%) period (year)
Kobayashi 47 28 - 10/37 7 (14.9) 3.5
et al, {2005) :
Lee et al. (2007 45 28 - — 10(22.2) 3.5
Rautou et al. (2008) [21 15 - - 33{27.3) 28
Tanno et al, (2008) g2 20 3 /82 13 (15.9) 8.1
Guarise et al, (2008) 52 17 28 11441 11 (21.2) 2.6
Sawai et al, (2010} 103 18 3 - 29 (28.2) 49
Uehara et al. (2011) 1006 21 38 505 28 (28.0) 5.1
Maguchi et al. (2011} 349 (9 3 0/349 62 (17.8) 37
Arlix et al. (2012) - 47 15 24 047 18 (38.3) 6.4
Bae et al. (2012) 152 22 - - 04 (61.8) 2.6
Chno et al. (2012} 42 22 2.5 6181 35 (24.6) 35
Khannoussi 53 - - - 15{28.3) 7.0
etal. (2012)
Total 1,293 : 355 (274

-MPD main pancreatic duct, MV mural nodule:
m- 10
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cases were suspected to have a low risk of malignancy. The mean follow-up period
ranged from 2.6 to 8.1 years.

Among these, the mean frequency of morphological changes on the imaging
findings, such as increased cyst size, increased MPD diameter, and/or appearance or
enlargement of mural nodules (MNs), was 27.4 % (335/1,293) (range, 14.9-61.8 %)
of all cases during the follow-up period.

There are several reasons for varying the range in frequency. The most obvious
reason may be the different definition of the progression of BD-IPMN especially in
cyst size. Some authors have defined cyst size changes of 53-10 mm or greater as
progression (Rautou et al. 2008; Maguchi et al. 2011) because of the difficulty in the
accurate measuring of a grape-like dilated cyst. However, Bae et al. (2012} reported
that 94 (61.8 %) of 152 patients showed an increase in cyst size, and the mean incre-
mental rate of cyst size growth was 0.0038 cm/month, Arlix et al. (2012) also
reported that 18 (38.3 %) of 47 patients showed an increased cyst size, and the mean
enlarged size was less than 3 mm.

Other reasons include differences in the patient characteristics at the initial diag-
nosis, the difference of imaging modalities in each institution, and the difference of
the follow-up periods.

3.3 Malignant Transformation of BD-IPMN During
the Follow-Up

. The number of resected cases with BD-IPMN during the follow-up was shown in
Table 3.2 (Kobayashi et al. 2005; Lee et al. 2007; Rautou &t al. 2008; Tanno et al.
- 2008; Guarise et al. 2008; Sawai et al. 2010; Uehara et al. 201 1; Maguchi et al.
20115 Arlix et al. 2012; Bae et al. 2012; Ohno et al. 2012; Khannoussi et al, 2012).
The mean frequency of resected cases was 9.9 % (128/1,293) (range, 0-22.2 %) of
all cases. Of 128 BD-IPMNs, 35 (27.3 %) cases were diagnosed histologically as
- malignant (noninvasive 25 and invasive 10). Therefore, the frequency of malignant,
transformation was only 2.7 % (35/1,293) in total during the follow-up period,
whereas the remaining patients without surgical resection may have a risk of malig-
ant transformation in the future.

Thirty-two (91.4 %) of 35 patients with malignant BD-IPMNs exhibited obvious
ans of progression such as increased cyst size, increased MPD diameter, and/or
ypearance or enlargement of MNs. Three (8.5 %) malignant cases having no
wge of cyst size or MPD diameter showed an appearance of a solid mass at the
phery of the cyst during the follow-up (Kobayashi et al. 2005).

n addition, a multicenter study in Japan (Maguchi et al. 2011) reported that all
¢ malignant BD-IPMN cases exhibited progression, although all seven patients
1 benign BD-IPMN had no progression during the follow-up period.

These findings support the notion that malignancy is associated with signs of
gression. m-11
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Table 3.2 Resected cases of BD-IPMN during follow-up

Nurmber Malignancy of resected Histological findings
of resecied  ©ases of malignancy
Author (year) cases (%) Progression  Nochange  Noninvasive  Invasive
Kobayashiet al. (2005) 6(12.8) 03 3 3
Lee et al. (2007) 10(22.2) 2/10 | ‘ ]
Rautou et al. (2008) 8{6.7) 4/8 4
Tanno et al, (2008) 7(8.5) 1/7 1
Guarise et al, (2008) 0
Sawali et al. (2010) 11 (10.7) 3/8 0/3 2 1
Uehara et al. (201 1) H(h i/ i
Maguchi et al. (2011) 29 (8.3) 9722 Of7 8 1
Arlix et al, (2012) 5¢10.2) 075
Bae et al. (2012) 18 (11.8) 3718 2 ]
Ohno et al, (2012) 30210 9/30 6 3
Khannoussi et al. (2012) 3(5.7) 0/3 ‘
Total 128 (9.9) 32115 13 25 10

“No change of cyst size and MPD diameter except the appearance of a solid mass at the periphery
of the cyst

Table 3.3 Progression and malignancy of BD-IPMN without MN during follow-up

IPMIN with
an associaed
Number invasive Follow-up

Author (year) ol cases Progression (%) Malignant (%) carcinoma (%) period (year)
Kobayashi et al. {20053 29 0 0 0 3.5
Tanno et al. (2008) 82 13 (15.9) 1(1.2) 0 3.1
Guarise et al. {2008) 41 4(9.7) 0 0 2.6
Uehara et al, (2011) 95 71(7.4) 220 HLD 5.1
Maguchi et al. (2011) 349 62 (17.8) 9(2.6) 1¢0.3) 3.7
Arlix et al. (2012) 47 18 (36.7) 0 0 6.4
Total 643 104 (16.2) 12(1.9) 2(0.3)

*Appearance of MN alone
3.4 Progression and Malignancy of BD-IPMN Without MNs

The presence of MNs has been reported to be strongly suggestive of malignancy.
Table 3.3 shows the follow-up data of BD-IPMN patients who had no MNs at the
initial diagnosis (Kobayashi et al. 2005; Tanno et al. 2008; Guarise et al. 2008;
Uehara et al. 201 1; Maguchi et al. 201 1; Arlix et al. 2012). The mean frequency of
progression was 16.2 % (104/643) of all cases during the follow-up period. Twelve
(1.9 %) cases were found to be malignant by histological examination, and only two
(0.3 %) cases were IPMN with an associaled invasive cancer. |
These findings suggest that BD-IPMNs without MNs have a low risk of progres-
sion and malignant transformation. They are suitable for management without
surgery and do not need short interval %ugvl%ﬁlaﬁce, ’
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Table 3.4 Initial cyst size in relation to progression and malignancy

Author (year) MNumber of cases (%) Progression (%) Malignant (%)
Tanno et al. (2008)

<3 cm 72 (87.8) 10 (13.9) F(1.4)

23 cm ( 1G(12.2) 3{30.0) 0

Maguchi et al. (201 1)

<Sem 287 (82.2) 49 (17.1) 6(2.1)

23 cm 62 (17.8) 1321.0) 3(4.8)

3.5 Cyst Size in Relation to Progression and Malignancy

Cyst size >3 cm was previously thought to be one of the predictors of malignancy.
Therefore, a BD-IPMN >3 cm was included in the consensus criteria for resection
in the first guidelines (Tanaka et al. 2006).
Several studies have validated the safety of this guideline for surgical treatment
of BD-IPMN >3 cm and revealed that the specificity is quite low (Rodriguez et al.
2007; Tang et al. 2008; Pelaez-Luna et al. 2007), These reports suggest that a
BD-IPMN size of >3 cm is a weaker indicator 6f malignancy than the presence of
MNs (Tanaka et al. 2012).
‘ There was few number of long-term follow-up data in patients with BD-IPMN
>3 cm. Table 3.4 shows the initial cyst size in relation to progress and malignancy
- during the follow-up (Tanno et al. 2008; Maguchi et al. 2011). Two studies demon-
sirated that there was no significant difference in the frequency of progression-and
malignaney in the resected cases between initial cyst size of less than 3 and 3 cm or
greater.

With accordance to this, the revised guideline 2012 recommends that the indica-
tion for resection is more conservative {Tanaka et al, 2012). BD-IPMN =3 ¢m with-
. out any signs of Further risk stratification can be observed without immediate

6 Predictive Sign of Malignancy During Follow-Up

hough malignaney is associated with sign of progression of BD-IPMN during
ow-up, adequate predictive signs of malignancy have not been defined. Many
estigators proposed signs of malignaney as the appearance or the enlargement of
and/or an increase in MPD diameter (Lee et al. 2007¢ Tanno et al. 2008; Sawai
2010; Uehara et al. 201 I; Maguchi et al. 2011; Ohno et al. 2012). Tt is still
troversial whether an increase in cyst size alone is an adequate predictive signof
ignancy (Rautou et al. 2008; Bae et al. 2012; Kang et al. 2011) or not (Lee et al.
7;: Tanno et al. 2008; Sawai et al. 2010; Uehara et al. 2011; Maguchi et al. 2011;
no et al. 2012). =13
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3.7 Pancreatic Ductal Adenocarcinoma in Patients
with BD-IPMIN

Pancreatic ductal adenocarcinoma (PDAC) may develop independently in the pancreas
separately from IPMNs, especially in BD-IPMN (Tanaka et al. 2012; Yamaguchi
et al. 2002). The frequency of PDAC concomitant with IPMN was 4.1-9.3 % in the
resected case studies (Yamaguchi et al. 2002; Ingakul et al. 2010; Kanno et al. 2010;
Tanno et al. 2010a; Yamaguchi et al. 2011).

During the last several years, an increasing number of reports for the occurrence
of PDAC in follow-up patients with IPMN have been published (Sawai et al. 2010;
Uehara et al. 2011; Maguchi et al. 2011; Tada et al. 2006; Uehara et al. 2008; Tanno
et al. 2010b; Ikeuchi et al. 2010) (Table 3.5). The mean frequency of occurrence of
PDAC concomitant with IPMN was 2.8 % (range, 1.4-8.0 %) during follow-up. It
is noted that the frequency (2.8 %, 30/1,085) was similar to the frequency of malig-
nant transformation of BD-IPMN (2.7 %, 35/1,293) during the follow-up.

These findings suggest that BD-IPMN may be an indicator for a precancerous
state ol the pancreas and that PDAC may have not infrequently occurred in the
pancreas distinct from BD-IPMN.

The long-term prognosis of the patients with BD-IPMN is still unclear, However,
a multicenter study in Japan (Maguchi et al. 2011) described that the patients with
PDAC distinct from BD-IPMN had a poor prognosis, whereas patients with malig-
nant BD-1PMNs, including noninvasive and invasive carcinomas, had a relatively
better prognosis after surgical treatment.

In conclusion, special attention should be paid to the occurrence of PDAC in the
entire pancreas when performing follow-up examinations in patients with BD-IPMN
including postoperative status, and shorter interval surveillance is required.

Table 3.5 Occurrence of PDAC in patients with BD-IPMN during follow-up

Number of PDAC Follow-up

Author (year) Number of cases concomitant with IPMN (%) period {year)’
Tuda et al. (2006) 197+ k 5 (2.6} 3.8

Uehara et al. (2008) 60 5 8.0 7:3

Tanno et al. (2010b) 89 4 (4.5) 5.3

fkeuchi et al. (2010) 145 5(3.4) 4.6

Sawai et.al. (2010) 103 2(1.9) 4.9

Maguchi et al. (2011) 349 7(2.0) : 3.7

Ohno et al, (2012) 142 2(1.4) ‘ 3.5

Total 1.085 30 (2.8}

“Included pancreatic cyst

m- 14
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