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configuration.: Papillary - carcinomas usually- remain- non-
invasive, although patients need to undergo repeated cysto-
scopic resections because of recurrences. In contrast, the
clinical outcome of nodular invasive carcinomas is poor. Flat
carcinomas in situ, which frequently spread widely and are
sometimes scattered all over the urinary tract; are considered
to be a precursor lesion of nodular invasive carcinomas.” In
flat carcinomas in siti and nodular invasive carcinomas, the
incidence and'intensity of nuclear DNMT1.immunoreactivity
were significantly  higher ‘than those 'in- papillary tumors
- (Fig. 6a).7® The incidence of CIMP:. in flat carcinomas in situ
" -and- nodular invasive carcinomas was significantly higher
than ‘that: in .papillary tumors.” These data suggest that
DNMT1: protein overexpreséion resulting in regional. DNA
hypermethylation ‘may be associated  with the distinct
pathway leading to the development of nodular invasive car-
cinomas with aggressive clinical courses via widely spread-
ing ‘carcinomas in situ. Furthermore, ‘even in an invasive
carcinoma, cancer cells occasionally have particularly strong
nuclear DNMT1 immunoreactivity at the invading  front
(Fig. 6b) or in involved lymphatic.vessels (Fig. 6¢).”® There-
fore, there appears to be a mechanism regulating DNMT1
protein expression, possibly one that depends on cancer=
stromal-interactions and/or the microenvironment of cancer
cells, other: than the mechanism associated with the
sequence of progression of flat carcinomas in situ to nodular
invasive carcinomas:

DNA hypomethylation in pericentromeric
satellite regions significantly correlates with
chromosomal instability

DNA hypomethylation on satellites 2 and 3 was frequently
detected in urothelial carcinomas of the urinary bladder,
the ureter or the renal pelvis.”® In almost all the carcinoma
samples inwhich DNA hypomethylation was detected,
hypomethylation occurred on both satellites 2 and 3. The
incidence of DNA hypomethylation in: pericentromeric satel-
lite: regions was significantly - correlated with  histological
grade: of urothelial carcinomas: and was higher in nodular
invasive carcinomas than in papillary tumors.”® Satellites 2
and .3 are abundant in pericentromeric heterochromatin
regions on chromosome 9. The incidence of LOH on chro-
mosome. 9:was significantly correlated with the histological
grade of ‘urothelial carcinomas and was higher in nodular
invasive carcinomas than in papillary tumors.”® DNA hypo-
methylation-in pericentromeric satellite regions was signifi-
cantly correlated with the presence of LOH on chromosome
9. in urothelial carcinomas,’”? suggesting that: DNA hypo-
methylation inducing chromosomal instability may patticipate
in urothelial carcinogehesis.

RENAL CARCINOGENESIS: PRECANCEROUS
CONDITIONS WITH ALTERATIONS OF
DNA METHYLATION GENERATE MORE

MALIGNANT CANCERS

Alterations of DNA methylation are a halimark of
precancerous conditions even in histologically
normal tissues

Alterations of DNA methylation are considered to participate
in the precancerous stage in - association with chronic
inflammation” and persistent:infection with viruses or other
pathogenic microorganisms, - as : described for  the liver,
stomach, - uterine - cervix ‘and pancreas.  Unlike cancers
derived from these organs, precancerous: conditions in the
kidney have been rarely described. Surprisingly, even in non-
cancerous renal tissues  having no remarkable histology
obtained from patients with renal cell carcinomas (RCC}), the
average number of methylated CpG islands was significantly
higher than in normal renal tissues obtained from patients
without renal tumors, and was even higher:'in 'RCC
(Fig. 72).%% From the viewpoint of alterations of DNA methy-
lation, the presence of precancerous conditions can be rec-
ognized even in the kidney. Regional DNA hypermethylation
participates: in the early and precancerous stage of multi-
stage renal carcinogenesis. In addition, accumulation of DNA
methylation at CpG islands in conventional RCC'is signifi-
cantly correlated with higher histological grade, an infiltrating
growth pattern, and vascular involvement,®® suggesting that
regional DNA hypermethylation is continuously involved in
malignant progression. The recurrence-free survival rate of
patients: with  conventional RCC' having-accumulated DNA
methyfation of CpG islands was significantly lower than that
of patients with conventional RCC lacking this feature.®°

Genome-wide analysis indicates the
significance of alterations of DNA methylation in
precancerous conditions :

The average number. of methylated CpG islands in non-
cancerous renal tissues ~lacking ‘remarkable. histology
obtained from patients with conventional RCC was signifi-
cantly correlated witha higher histological grade of corre-
sponding RCC developing in individual patients (Fig. 7b).%
These are striking data suggesting the possibility - that
regional DNA hypermethylation in precancerous conditions
generates more malignant RCC. Examination of the DNA
methylation status of only a restricted number of C-type CpG
islands, however, cannot clarify: whether DNA:methylation
status in restricted regions'is simply altered in the precancer-
ous stage or whether the genome-wide DNA' methylation
profile in the: precancerous stage determines the clinico-
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pathological characteristics of developing cancers. Recently,
several techniques: such as: restriction landmark genomic
scanning, methylation-sensitive representational  difference
analysis, methylated: CpG  island .amplification and array-
based technology have been developed for genome-wide
analysis of DNA methylation status.®'-% For DNA methylation
profiling during. multistage: renal carcinogenesis, we used
bacterial’ artificial chromosome. (BAC) array-based methy-
lated CpG island amplification (BAMCA, Fig. 7¢).%¢ Many
~researchers use:arrays in which the promoter regions are
enriched, as probes.for cloning. genes that are differentially
methylated between cancer. cells: and. normal cells.: But the
promoter regions. of specific genes:are not the only target
of alterations of DNA methylation in- human: cancers. DNA
methylation - status: in - genomic  regions : not  affecting: the
expression of specific genes may. be altered before the alter-
ations: of the promoter. regions themselves: at the precan-
cerous stage.: Genomic. regions' in which. DNA-methylation
status: affects. chromosomal ‘instability. are not contained in
promoter-arrays. To obtain a high-resolution: genome-wide
overview of DNA: methylation: status; the. BAMCA method
was: used, focusing not only on the promoter regions. in
non-cancerous: renal tissues lacking remarkable histology,
obtained from patients with conventional RCC, the number of
BAC clones having: DNA hypermethylation or hypomethyla-
tion exceeding individual variation. was: significantly corre-
lated with: the recurrence-free survival rate of patients after
nephrectomy for established -RCC (Arai E. etal, unpubl.
data, 2008). These data suggest that the future development
of more malignant RCC is determined by the genome-wide
DNA methylation profile at the precancerous stage.

PERSPECTIVES

In eatlier days it was: thought, mistakenly, that alterations of
DNA methylation occurred only as a result of cancerization.
But because alterations of DNA methylation occur even in
the precancerous stage before the establishment of cancer
and determine the clinicopathological characteristics of the
developing malignancies, it is clear that they are not a
secondary result of cancerization. Precancerous conditions
involving alterations of DNA ‘methylation -may generate
more malignant cancers. Alterations of DNA methylation are
frequently. observed in precancerous conditions associated
with - chronic - inflammation and/or. persistent. infection with
viruses or other pathogenic microorganisms; such as HBV
or HCV, EBV, HPV and Helicobacter pylori; or with cigarette
smoking. When' estimating  carcinogenetic. risk using DNA
methylation " profiles as: indicators, elimination.- of - such
etiological factors may be efficient for cancer prevention.
Moreover,  DNA methylation is reversible,  thus differing
from genetic events during multistage carcinogenesis, and
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regional DNA hypermethylation can be corrected by passive
demethylation with demethylating agents.: Therefore; : car-
cinogenetic risk estimation may: pave. the way to- chemo-
prevention: of - precancerous. conditions: characterized: by
alterations of DNA methylation.

Early diagnosis of cancers using DNA methylation profiles
as indicators.is also a promising: avenue. For this purpose,
less invasive methodologies for detecting subtle: alterations
of: DNA ‘methylation should. be developed for serum; urine,
sputum and other body fluid samples. Because even subtle
alterations. of DNA methylation in the early stage are stably
preserved on DNA double strands by covalent bonds, alter-
ations of DNA methylation on appropriate genes and/or DNA
fragments may be better indicators for early diagnosis than
levels of MRNA and protein expression of specific genes that
can be easily affected by the microenvironment of precursor
cells or cancer cells.

Alterations of DNA methylation seem to.continuously par-
ticipate in:the malignant progression of cancers by: inducing
chromosomal: instability. -and silencing  tumor-suppressor
genes. Overexpression of DNMT1 is not a secondary result
of increased cell proliferative activity but is significantly cor-
related with: CIMP.: DNA methylation: profiles -of -not only
normal tissues but also cancers tend to be:organ-specific,
and hot spots of DNA hypermethylation may reflect the diver-
sity. of carcinogenetic factors. The molecular mechanisms
responsible for determination of the target genes of CIMP
should be: further ' clarified. Because alterations of DNA
methylation and overexpression of DNMT1 are significantly
associated with poorer tumor: differentiation, tumor aggres-
siveness, and:poorer patient outcome, estimation of DNA
methylation status or immunohistochemistry: of DNMT1 in
biopsy specimens. and/or surgically resected materials may
also become ‘a useful tool for prognostication. In contrast,
splicing alteration of DNMT3B may result in. chromosomal
instability through DNA hypomethyiation in pericentromeric
satellite regions.

Recently developed technologies for accessing genome-
wide DNA methylation status wili be useful for identifying
the DNA methylation profile; which is the optimum indicator
of prognosis. Reactivation of tumor-suppressor genes by
demethylating agents: can provide a strategy of cancer
therapy.?” But overall DNA hypomethylation and regional
DNA hypermethylation are commonly observed during mul-
tistage carcinogenesis, and they do not seem mutually
exclusive in an individual patient. Therefore, before using
DNA demethylation agents for prevention or therapy  of
cancers, it will be: necessary to carefully identify patients
who might benefit from this type of demethylation strategy.
Accessing genome-wide: DNA methylation status: again
seems indispensable for identification of patients: whose
cancers: have a demethylating: agent-sensitive. DNA methy-
lation profile.
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Genetic Clustering of Clear Cell Rehal Cell Carcinoma Based on
Array-Comparative Genomic Hybridization: Its Association with
DNA Methylation Alteration and Patient Outcome
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Renal cell carcinoma (RCC) is the most common malignant
tumor of the adult kidney and frequently affects working-age
adults in mid life (1). In general, RCCs at an early stage are
curable by nephrectomy. However, some RCCs relapse and
metastasize to distant organs, even if the resection has been
considered complete. Metastatic RCCs are resistant to conven-
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tional chemotherapy and radiotherapy and have a poor
outcome (2). Recently, immunotherapy has been established
(3) and novel targeting agents have been developed (4) for
treatment of RCC. However, unless relapsed or metastasized
tumors are diagnosed early by close follow-up, the effectiveness
of any therapy is very restricted. Therefore, to assist close
follow-up of patients who have undergone nephrectomy and
are still at risk of recurrence and metastasis, a prognostic
indicator should be established based on an understanding of
the molecular mechanisms of renal carcinogenesis.

Although the classification of RCC is based largely - on
histology, the WHO classification has introduced genetic alter-
ations as a hallmark corresponding to the histologic subtypes
of RCC, e.g, dear cell RCC, the most common histologic
subtype, is characterized by loss of chromosome 3p and inac-
tivation of the von Hippel-Lindau (VHL) gene at 3p25.3 (1)
Somatic inactivation of the VHL gene occurs in only 60% to
70% of sporadic clear cell RCCs (5), and aberrations of the VHL
gene alone cannot explain the development of all dlear cell
RCCs. However, only a few studies using recently developed
array-based technology and demonstrating copy number
alterations in dinical tissue samples of clear cell RCC have
been reported (6, 7). In such previous array-based analyses, the
numbers. of examined clear cell RCCs: and the numbers of
clones on the arrays used were low, and significant prognostic
factors for clear cell RCC based on array-based comparative
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genomic hybridization (CGH) profiles have never been
proposed.

We have reported that DNA methylation . alterations. are
another important change occurring during renal carcinogen-
esis (8, 9). Accumulation of DNA methylation on C-type CpG
islands in a cancer-specific but not age-dependent manner (10)
in clear cell RCCs was significantly correlated - with:: tumor
aggressiveness and poorer. patient: outcome. (8, .9).  DNA
methylation alterations were observed even in noncancerous
renal tissues obtained from patients with clear cell RCCs, and
such renal tissues were considered to be at the precancerous
stage.” Accumulation of DNA methylation on: C-type CpG
islands in’ such noncancerous: renal tissues was: significantly
correlated with: higher histologic grades of the corresponding
clear ‘cell RCCs' developing in individual patients, suggesting
that regional DNA hypermethylation in precancerous condi-
tions generates more malignant RCCs (8, 9). However, to our
knowledge, no published systematic reports have examined the
correlation’ between copy number alterations and changes in
DNA methylation. Therefore, current understanding of the
genetic and. epigenetic  alterations occurring ' during renal
carcinogenesis is far from complete.

In this study, we analyzed copy number alterations by array-
CGH using a microarray of 4,361 bacterial artificial chromo-
some (BAC) clones, allowing high-resolution genome-wide
analysis, and DNA methylation alterations on 9 CpG islands by
bisulfite - modification in 51 clear cell. RCCs.: Correlations
between copy number alterations and changes in DNA
methylation, and the clinicopathologic significance and prog-
nostic effect of the copy number alterations, were examined.

Patients and . tissue: samples.. Tumor  tissues were obtained: from
materials surgically resected from 51 patients (RCCO1 to RCC51) with
primary clear cell RCC. These patients did not receive preoperative
treatment and: underwent nephrectomy at the National Cancer Center
Hospital, Tokyo, Japan, between 1999 and 2006. There were 34 men
and:17 women with a mean (£SD) age of 59 + 10 years (range 31-81
years). Histologic diagnosis was made in accordance with the WHO
dassification (1). All the tumors were graded on the basis of previously
described criteria (11) and classified according to the pathologic tumor-
node-metastasis (TNM) classification (12). The presence or absence of
vascular involvement was examined microscopically on slides stained
with H&E and elastica van Gieson. The presence or absence of tumor
thrombi in the main trunk of the renal vein was examined macro-
scopically. This study was approved by the Ethics Committee of the
National Cancer Center, Tokyo, Japan.

Clear cell RCC is usually enclosed by a fibrous capsule and is well
demarcated, hardly ever containing a fibrous stroma between the cancer
cells. Therefore, we were able to obtain cancer cells of high purity from
surgical specimens, avoiding contamination with both noncancerous
epithelial cells and stromal cells. High-molecular-weight DNA from
fresh frozen tumor samples was extracted with phenol-chloroform,
followed by dialysis,

Array-CGH analysis. - Copy number alterations were analyzed by
array-CGH using a custom-made array (MCG Whole Genome Amay-
4500) harboring 4,361 BAC clones throughout chromosomes 1 to 22
and X'and Y, providing a resolution of ~0.7 Mb (13}, as described
previously (14, '15). Briefly, gender-matched Human. Genomic DNA
(Promega) was used as reference.: Dpnil-restricted test and reference
genomic DNAs were labeled by random priming with Cy3- and Cy5-
dCTP. (GE Healthcare), respectively, using a BioPrime array’ CGH
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genomic labeling system (Invitrogen) and precipitated together with
ethanol in the presence of Cot-1 DNA. The mixture was applied to array
slides.and incubated at 43°C for 72 h. Arrays were scanned with a
GenePix Personal '4100A (Axon Instruments) and analyzed using
GenePix Pro 5.0 imaging. software: (Axon. Instruments) and: Acue 2
software (Mitsui Knowledge Industry).

The results of ‘array-CGH were validated by fluorescence in - situ
hybridization (FISH) analysis' in" representative RCCs as- described
previously:: (16). BAC: clones, RP11-115G3 (3p25:3), RP11:4E3
(5q31.1), and RP11-7916  (5q32), which are included in the MCG
Whole Genome Array-4500, were labeled with SpectrumOrange-dUTP
{(Abbott Laboratories) using a nick translation kit (Abbott Laboratories)
and hybridized to5-um-thick sections: of formalin-fixed, paraffin-
embedded tissue specimens taken from a region immediately adjoining
that from which 'the corresponding fresh: frozen: sample had
been obtained within  the same RCC. Nuclei' were stained with
4,5-diamidino-2-phenylindole.

Methylation-specific. PCR and combined bisulfite: restriction enzyme
analysis. . DNA methylation ‘status on 9 CpG islands (8 C-type CpG
islands plus the CpG island of the VHL gene) was analyzed by
methylation-specific PCR 'and ' combined bisulfite restriction. enzyme
analysis as described previously. (17, 18). Briefly, bisulfite conversion
was carried out using a CpGenome DNA Modification Kit (Chemicon
International). DNA methylation status on CpG islands of the p16,
human. MutL homologue 1 (hMLH1), and VHL genes was determined
by: methylation-specific PCR using the primers: described: previously
(19, 20). The DNA methylation status of the thrombospondin: (THBS) 1
gene and the methylated in tumor (MINT)-1, MINT-2, MINT-12,
MINT-25; and MINT-31 clones was determined by combined: bisulfite
restriction enzyme analysis using previously described primers (10) and
restriction enzymes (8).

Statistics.. Unsupervised hierarchical clustering analysis of the RCCs
was done using Impressionist: software (Gene Data) as described
previously (15, 21, 22). The average number of BAC clones for which
copy number alterations (loss and gain) were observed in clear cell’
RCCs belonging to clusters A and B yielded by the unsupervised
hierarchical clustering was analyzed using the Mann-Whitney U test.
The frequency of copy number alterations (loss and gain) on each:BAC
clone; 'DNA methylation on each CpG island, and CpG. island
methylator phenotype in clusters A and B were analyzed using the x?
test. Correlations between genetic clustering of clear cell RCC (clusters A
and B) and dlinicopathologic variables were analyzed using the X test.
Survival curves were calculated by the Kaplan-Meier method according
to: genetic clustering of clear cell RCC (clusters A and B), and the
differences were analyzed by the log-rank test. The Cox proportional
hazards multivariate model was used to examine the prognostic effect
of genetic clustering of clear cell RCC (clusters A and B), histologic
grade, and pathologic TNM stage. Differences with P. values of <0.05
were considered significant.

Array-CGH analysis.  Examples of array-CGH profiles of the
two. representative clear cell RCCs (RCCO1 and RCCO02) are
shown in Fig. 1A to D (Fig: 1A and B for RCCO1 and Fig. 1C
and D for RCC02). Fig. 1A and C are scattergrams of the signal
ratios (test signal/reference signal) and Fig. 1B and D are the
corresponding histograms. As shown in Fig. 1B and D, the
histograms of the signal ratios showed multiple distinct peaks.
The thresholds of the signal ratios for copy numbers 0; 1, 2, 3,
and 4 or more were determined by the troughs between the
peaks on the histogram of each RCC (red bars, Fig. 1B and D for
RCCO1 and RCC02, respectively). For example, the signal ratio
of the RP11-115G3 clone in. RCCO1; shown as an asterisk in
Fig. 1A and B, corresponded to copy number 1 (Fig. 1B).
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Fig.1. Copy number alterations in two representative clear cell RCCs (RCCO1and RCCO02) revealed by array-CGH and validated by FISH. The scattergrams (4 and C) and the
histograms (B and D) of the signal ratios (test signal/reference signal) afforded by array-CGH in RCCO1 (4 and B) and RCCO2 (C and D). The thresholds of the signal
ratios for copy numbers of 0,1, 2, 3, and 4 or more were determined by the troughs (red bars, B and D) between the distinct peaks for RCCO1 (B) and RCC02 (D). In RCCO1,
the signal ratios of clones RP11-115G3 (*, A and B) and RP11-4E3 (**, A and B) corresponded to copy numbers of 1and 3, respectively (8). In RCC02, the signal ratios of
clones RP11-115G3 (*, C and D) and RP11-4E3 (**, C and D) corresponded to copy numbers of 1 and 4 or more, respectively (D). FISH analysis using clones RP11-115G3
and RP11-4E3 as probes actually revealed 1 (£) and 3 (F) signals in RCCO1, respectively. FISH analysis using clones RP11-115G3 and RP11-4E3 as probes actually revealed
1 (G) and 4 (H) signals in RCC02, respectively.

Similarly, the signal ratio of the RP11-4E3 clone in RCCO1, double asterisks in Fig. 1C and D, corresponded to copy
shown as double asterisks in Fig. 1A and B, corresponded to numbers 1 and 4 or more, respectively (Fig. 1D). These data for
copy number 3 (Fig. 1B). The signal ratios of the RP11-115G3 copy numbers were validated by FISH analysis: clones RP11-
and RP11-4E3 clones in RCC02, shown as an asterisk and 115G3 and RP11-4E3 actually revealed 1 and 3 signals in
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Fig. 2. Unsupervised hierarchical clustering of clear cell RCCs. A, 51clear cell RCCs were hierarchically clustered into the two subclasses, clusters A (n = 34) and B (n = 17),
based on the copy numbers revealed by array-CGH. Copy numbers of 0 or1 (loss), 2 (no change), and 3 or 4 or more (gain) on each BAC clone are shown in green, black, and
red, respectively. The cluster tree for clear cell RCCs is shown at the top. B, copy number alteration profiles of RCCs belonging to clusters A (n = 34) and B (n = 17). The
frequency (%) of the copy number alterations, loss (bottom half) and gain (top half), on each BAC clone was plotted from chromosome 1p (/eft) toY (right). Artifactual data
due to copy number variants deposited in the databases described in ref. 32 are omitted from this figure. In both clusters, loss or gain of an entire chromosome or an entire
chromosome arm was frequent. Loss of chromosome 3p and gain of chromosomes 5q and 7 were frequent in both clusters A and B. Loss of chromosomes 1p, 4, 9, 13q, and
14q was frequent only in cluster B but not in cluster A. Gain on 1q31-ter, 3q, and 8q was frequent only in cluster B, whereas loss on the same loci was observed in cluster A.

RCCO1 (Fig. 1E and F, respectively) and clones RP11-115G3 (Fig. 2A), which contained 34 and 17 clear cell RCCs,

and RP11-4E3 actually revealed 1 and 4 signals in RCC02 respectively.

(Fig. 1G and H, respectively). The copy number on each BAC clone was defined as a loss,
Unsupervised hierarchical clustering of clear cell RCC based on no change, and a gain when it was 0 or 1, 2, and 3 or 4 or more.

array-CGH data. By unsupervised hierarchical clustering In clear cell RCCs, the average number of BAC clones on which

analysis of the RCCs based on array-CGH data, 51 clear cell loss was detected was significantly higher in cluster B (563 +

RCCs were clustered into the two subclasses, clusters A and B 568) than in cluster A (164 + 116, P = 0.0174). The average
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number of BAC clones on which gain was detected tended to be
higher in cluster B'(319. % 306) than in cluster A (206 * 243).
The average number of BAC clones on which loss or gain was
detected was significantly higher in cluster B (881 + 831) than
in-cluster A (370 * 274, P = 0.0368), indicating that copy
number alterations were significantly accumulated in cluster B
compared with cluster A. Figure 2B shows the copy number
alteration profiles of clusters A'and B: In both clusters; loss or
gain of an entire chromosome or an entire chromosome arm
was frequent (Fig.:2B). Table 1 shows an overview of the copy
number alterations. in: clusters A'and B, and the frequency of
loss and gain on a BAC clone, which represented the tendency
for the entire chromosome arm, per chromosome arm.

Figure 2B shows that loss of chromosome 3p and gain of
chromosomes 5q and: 7 were frequent in both clusters A and B.

These data are confirmed in Table 1: The frequency of loss on
clone RP11-86505 (3p14.3-3p21.1) in clusters A and B was
high (91% and 76%, respectively) and there was no significant
difference in the frequency between the clusters (P'= 0.3139;
Table 1), Similarly, the frequency of gain on clones RP11-
125L2 (5935.2), RP11-90J13 (7pl4), and RP11-451M8
(7911.22) in clusters A and B was high and there was no
significant difference in the frequency between the clusters
(P = 0.7660, P = 0.2935, P = 0.1855 for RP11-125L2, RP11-
90J13, RP11-451M8 clones, respectively, Table 1). Figure 2B
shows that loss of chromosomes: 1p; 4, 9, 13q, and 14q was
frequent only in cluster B, but not in cluster A, These data are
confirmed in Table 1: The frequency of loss on clones RP11-
406 (1p35.3), RP11-38M16 (4p12), RP11-11P20 (4q28.1),
RP11-327L3 (9p13.1-9p13.3), RP11-65C15 (9q21.3-9q22.1),

py number alteratio presented the tendency for the entire chromosome arm -
BAC clone Location Chromosomal gain Chromosomal loss
Cluster A Cluster B P* Cluster A Cluster B pPx*
RP11-406 1p35:3 0 (0%) 0 (0%) 0 (0%) 5(29%) 0.0047
RP11-196B7 1g25.3 2 (6%) 3 (18%) 0.4052 0.(0%) 0:(0%)
RP11-13532 ig41 0 (0%) 4 (24%) 0.0167 2 (6%) 0°(0%) 0.7987
RP11-87C16 2p12-2pi3 4 (12%) 3 (18%) 0.8856 0 (0%) 0 (0%)
RP11-79C24 2q34 3(9%) 5 (29%) 0.1343 3 (9%) 1 (6%) 0.8539
RP11-86505 3p14.3-3p21.1 0(0%) 0 (0%) 31(91%) 13 (76%) 0.3139
RP11-91B3 3q13:1 0(0%) 3(18%) 0.0583 8 (24%) 0 (0%) 0.0768
RP11-38M16 4p12 0.(0%) 0 (0%) 0:(0%) 5 (29%) 0.0047
RP11-11P20 4q28.1 0.(0%) 0 (0%) 0.(0%) 5 (29%) 0.0047
RP11-36H5 5pi5.2 8 (24%) 5(29%) 0.9096 0 (0%) 0 (0%)
RP11-125L2 5935.2 19 (56%) 8 (47%) 0.7660 0 (0%) 0(0%)
RP11-145L22 6p21.32-6p22.2 1(3%) 1 (6%) 0.7987 0 (0%) 2 (12%) 0.2022
RP11-71B1 6G25.1-6G25.3 0 (0%) 0 (0%) 7:(21%) 6 (35%) 0.4265
RP11-90J13 7pi4 6 (18%) 6 (35%) 0.2935 0 (0%) 0.(0%)
RP11:451M8 7q11.22 5.(15%) 6 (35%) 0.1855 0 (0%) 0 (0%)
RP11-277121 8pi12 0.(0%) 0 (0%) 8 (24%) 6 (35%) 0.5791
RP11-90N3 8q21.3-8q22 0 (0%) 5 (29%) 0.0047 2:(6%) 0 (0%) 0.7987
RP11-327L3 9p13.1-9p13.3 0.(0%) 0 (0%) 0 (0%) 7 (41%) 0.0003
RP11-65C15 9g21.3-9g22.1 1(3%) 0 (0%) 0.7210 0 (0%) 8:(47%) <0.0001
RP11-24320 10p13-10pi15.2 0:(0%) 0 (0%) 2 (6%) 3 (18%) 0.4052
RP11-178A10 10q11.21-10g11.23 0.(0%) 0 (0%) 3(9%) 6 (35%) 0.0514
RP11-36H11 11pi2-11p13 1(3%) 1(6%) 0.7987 0 (0%) 1 (6%) 0.7210
RP11-15819 11g23 2(6%) 0(0%) 0.7987 0 (0%) 5(29%) 0.0047
RP11-96K24 12pi3.1 6 (18%) 6 (35%) 0.2935 0:.(0%) 0(0%)
RP11-97N16 12q13.2-12q13.3 11(32%) 9 (53%) 0.2647 0 (0%) 0°(0%)
RP11-8C15 13q12.1 0:(0%) 0.(0%) 0 (0%) 6.(35%) 0.0013
RP11-14014 14q32.1 0.(0%) 0 (0%) 0.(0%) 12 (71%) <0.0001
RP11-265N6 15q15 1(3%) 1(6%) 0.7987 1(3%) 1(6%) 0.7987
RP11-295D4 16p13.3 7 (21%) 3 (18%) 0.9008 0 (0%) 1 (6%) 0.7210
RP11-48118 16g11.2-16g12.1 8 (24%) 5 (29%) 0.9096 0(0%) 0 (0%)
RP11-89D11 17p13 2 (6%) 0(0%) 0.7987 0:(0%) 4 (24%) 0.0167
RP11-89B11 17g25 2(6%) 0(0%) 0.7987 0 (0%) 3(18%) 0.0583
RP11-10617 18p11.31-18p11.32 1(3%) 0 (0%) 0.7210 1(3%) 8 (47%) 0.0005
RP11-12312 18q21.32 1(3%) 0 (0%) 0.7210 3(9%) 7.(41%) 0.0178
RP11-201F4 19pi13.2 1(3%) 0(0%) 0.7210 0. (0%) 3(18%) 0.0583
RP11-133A7 19q13.2 0 (0%) 0 (0%) 0 (0%) 4 (24%) 0.0167
RP11-134G22 20p11.2-20p12 6 (18%) 4 (24%) 0.9008 0 (0%) 1(6%) 0.7210
RP11-124D1 20q13.1 8 (24%) 7 (41%) 0.3281 0 (0%) 0(0%)
RP11-89H5 21g21.3 1(3%) 2 (12%) 0.5279 1(3%) 0 (0%) 0.7210
RP11-8934 22q12 0 (0%) 1 (6%) 0.7210 1(3%) 4 (24%) 0.0670
RP11-386N14 Xp11.23-Xpi11.4 1(3%) 2 {12%) 0.5279 1(3%) 4 (24%) 0.0670
RP11:449M9 Xq13.1-Xq13.3 3 (9%) 1 (6%) 0.8539 0.(0%) 4 (24%) 0.0167
RP11-115H13 Ypi1.31 2 (6%) 4 (24%) 0.1667 6 (18%) 5 (29%) 0.5473
RP11-88F4 Yqi2 8 (24%) 1 (6%) 0.2425 6 (18%) 4.(24%) 0.9008
QO;rE: P values <0.05, which indicate significant differences; are undetlined.
%< test.
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Fig; 3. Histogram showing the number of methylated CpG islands in RCCs
belonging to clusters A (n = 34, black column) and B (n =17, white column).
DNA methylation on CpG islands was accumulated in cluster B compared with
cluster A, and DNA methylation on 4 or more CpG islands was observed only in
cluster B and never incluster A.

RP11-8C15 (13q12.1), and RP11-14014 (14q32.1) in cluster B
(29%,-29%, 29%,; 41%, 47%, 35%, and 71%) was significantly
(P-=0.0047, P = 0.0047, P = 0.0047, P = 0.0003, P < 0.0001,
P =.0.0013 and P < 0.0001) higher than that in cluster A
(0%, 0%, 0%, 0%, 0%, 0%, and 0%, respectively, Table 1).
Figure 2B shows that gain on 1q31-ter; 3q; and 8q was frequent
only in cluster B, whereas loss at the same loci was observed in
cluster A. These data are confirmed in Table 1: The frequency of
gain on clones RP11-135J2 (1q41), RP11-91B3 (3q13.1), and
RP11-90N3 (8q21.3-8q22) in cluster B was 24%, 18%, and
29%, whereas that in cluster A was 0%, 0%, and 0% and the
frequency of loss on the same clones in cluster A was 6%, 24%,
and 6%, respectively (Table 1}.

Correlation between genetic clustering: of clear cell RCC and
accumulation: of DNA methylation on' CpG. islands. DNA
methylation status on the nine CpG islands in 41 clear cell
RCCs of the present cohort had been already analyzed and was
included in our previous article (8). DNA methylation status in
the remaining 10 clear cell. RCCs was analyzed here. The
frequency of DNA methylation on CpG islands of the pl6,
hMLHI, VHL; and THBS1 genes and the MINT-1, MINT-2,
MINT-12; MINT-25, and: MINT-31 clones was 23 of 34
(detected/analyzed, 68%), 4 of 34 {12%), 0 of 34 (0%), 5 of
34 (15%), 2 of 34 (6%), 0 of 34 (0%), 5 of 34 (15%), 10 of 34
{(29%), and 0 of 34 (0%) in cluster Aand 9 of 17 (53%), 1 of 17
(6%), 2 of 17 (12%), 10 of 17 (59%), 5 of 17 (29%), 2 of
17 (12%), 1 of 17 (6%), 9 of 17 (53%), and 0 of 17 (0%) in
cluster B, respectively. The frequency of DNA methylation on
CpG islands of the THBSI gene in cluster B was significantly
higher than that in cluster A (P = 0.0034). The average number
of methylated CpG islands was significantly higher in cluster B
(2.29 4 1.49) than in cluster A {1.44 % 0.89, P = 0.0279).
Patients were considered CpG island methylator phenotype=-
positive when: DNA methylation was seen on three or more
examined CpG islands, based on previously described criteria
(10). The frequency of CpG island methylator phenotype in
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cluster B (47%) was significantly-higher than that in cluster A
(12%, P'= 0.0142). Figure 3 shows:a histogram of the number
of :methylated CpG:.islands: in'clusters: A’ and- B.. DNA
methylation” on: CpG: islands was accumulated: in. cluster B
compared with cluster A, and: DNA methylation-on 4. or
more CpG islands was observed only in cluster. B and never in
cluster A (Fig: 3):

Clinicopathologic: significance and prognosttc effect of genetic
clustering of clear: cell RCC. - Table 2 shows the clinicopatho-
logic variables of clear cell RCCs belonging to clusters A'and B.
Clear cell: RCCs. in' ‘cluster B showed - significantly . higher
histologic grades (P =:0.0063) and more frequently showed
vascular involvement (P = 0.0045}; renal vein tumor thrombi
(P =0.0064), and higher pathologic TNM stages (P = 0.0066)
than those in cluster A (Table 2). Figure 4 shows the Kaplan-
Meier survival clirves of patients based on genetic clustering of
clear cell. RCC (clusters A and B). The period: covered ranged
from 88 to 2,801 days {mean, 1,679 days). Afier nephrectomy,
none of the patients received any adjuvant therapy before
recurrence or metastasis was revealed. Recurrence or metastasis
was observed in 6 (40%) of 15 patients: who underwent
curative resection in cluster B, but in only 3 (9%) of 34 patients
who underwent curative resection in cluster A. The recurrence-
free survival rate of patients in cluster B was significantly lower
than that of patients in cluster A (Fig. 4A; P = 0.0018). Four
(24%) of the total 17 patients in cluster B died as a result,
whereas none (0%) of the patients.in cluster A died. The overall
survival rate of patients in cluster B was significantly lower than
that of patients in cluster A (Fig. 4B; P = 0.0009). Multivariate
analysis revealed that' genetic  clustering: was a predictor of
recurrence-free survival (P. = 0.0297) and was independent of

2. Correlatlon between genetlc clustermg
of clear cell RCC. (clusters A and B) and
, chmcopathologlc varlab es.

Genetic clustering [ 4

Clinicopathologic
variables
Cluster A Cluster B
(n.=34) (n=17)
Size, cm(mean 't SDY 4.9+ 2.5:::6,3+£3.3 0.144*
Histologic grade
Grade 1 25 8 ]
Grade 2 8 3 0.00631
Grade 3 1 3 ]
Grade 4 [4] 3 :I
Vascular mvolvement ¥
Negative 30 8 0.004571
Positive 4 9
Renal vein tumor thrombi®
Negative 32 10 0.00641
Positive 2 7
Pathologic TNM stage
Stage I 24 5
Stage II 1 0 ] 0.00661
Stage 111 9 7
Stage IV 0 5

*Mann-Whitney U test:

Tx2 test.

*Recognized ‘microscopically on slides stained' with H&E and
elastica van Gieson.

§ Recognized macroscopically in the main trunk of the renal vein.
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Fig. 4. Kaplan-Meier survival cutves based on genetic clustering of clear cell RCC
(clusters A and B). A; the recurrence-free suivival rate of patients in cluster B (O)
was significantly lower than that of patients in cluster A (@, P. = 0.0018, log-rank
test). B, none of the patients in cluster A (@) died as a result, and the overall survival
rate of patients in cluster B (O) was significantly lower than that of patients in
cluster A (P-= 0.0009, log-rank test).

histologic grade and pathologic TNM stage (Table 3), although
the effects of these three variables on overall survival were not
independent from each other (data not shown).

Only a few studies  using recently developed ‘array-based
technology and ' demonstrating copy number  alterations in
clinical samples of clear cell RCCs have been reported (6, 7).
Therefore, the genetic pathway of renal carcinogenesis has not
been fully clarified. To our knowledge, the resolution achieved
in the present study was higher than that of any other previous
array-CGH analyses (6, 7) of clear cell RCCs. We used MCG
Whole Genome Array-4500, which harbors 4361 BAC clones
distributed throughout the human genome and has successfully
revealed copy number alteration profiles in human: cancers
derived from various organs (13). Our array-CGH analysis was
performed using RCC cells of high purity from fresh good-
quality specimens and the results were carefully validated: by
FISH using the same BAC clones as probes.

First, our genome-wide analysis revealed that loss or gain of
an entire chromosome or an entire chromosome arm was
frequent in clear cell RCCs. Other than the well-studied VHL
gene (3p25.3), some tumor-related genes may be identified in
BAC regions where copy number alterations were observed.
Unsupervised hierarchical clustering analysis based on array-
CGH data grouped the 51 clear cell RCCs into two subclasses;
clusters A and B, and copy number alterations were found to be
significantly accumulated in cluster B. Moreover, we identified
distinct copy number alteration profiles in the two clusters: {a)
loss of chromosome 3p and gain of chromosomes 5q and 7
were frequent in both ‘clusters ‘A and B; (b) loss of
chromosomes :1p, 4, 9, 13q, and 14q was frequent only in
cluster B but not in cluster A; and (c) gain on 1q31-ter, 3q, and
8q was frequent only in cluster B, whereas loss on the same loci
was: observed in cluster A; although the frequency was rather
low. Therefore, our clusters A and B, by unsupervised
hierarchical. clustering analysis, can' be considered. valid.
Although' the genetic profiles of clear cell RCCs obtained by

www.aacrjournals.org

CGH (23-25) and FISH (25-27) analyses without array-based
technology have been compared with those of other histologic
types of RCC (such as papillary RCC and chromophobe RCC),
the subclasses of clear cell. RCC itself, which may reflect the
distinct genetic pathways  of ' carcinogenesis; have not been
defined: The present high-resolution, genome-wide analysis
indicated that loss of chromosome 3p and gain of 5q and 7
may - be indispensable 'copy number ‘aberrations: for the
development of clear cell RCCs, regardless of genetic clustering.
Additional loss of chromosomes' 1p, 4,9, 13q, and 14q may
promote the genetic pathway to cluster B, although the order of
occurrence of indispensable - copy ‘number - aberrations ‘and
additional losses for cluster B during renal carcinogenesis has
not yet been defined:

We have reported that DNA methylation alterations are: an
important epigenetic change during renal carcinogenesis (8, 9)
and are significantly correlated with tumor aggressiveness and
poorer patient: outcome.. However, to-our knowledge, there
have been no: published systematic reports about the correla-
tion between copy number alterations and DNA methylation
alterations -in clear. cell RCCs. We therefore examined: the
correlation: between array-CGH :data and DNA methylation
status. DNA methylation on CpG islands was accumulated in
clear cell RCCs belonging to cluster B The histogram of the
number of methylated CpG islands (Fig. 3) revealed a tendency
for :biphasic "accumulation only in ‘cluster ‘B, whereas a
monophasic peak was observed in’ cluster A; and: DNA
methylation on 6 :CpG islands, which corresponded to the
second peak indicating severe accumulation; was detected only
in cluster B. These data suggest that genetic and epigenetic
alterations were not mutually exclusive during renal carcino-
genesis and that our genetic clustering of clear cell RCC based
on copy. number alterations' is significantly correlated. with
DNA methylation alterations. In cluster B, showing simulta-
neous accumulation of both copy number and DNA methyl-
ation -alterations, tumor suppressor: genes may be effectively
silenced by a combination of chromosome loss: and. DNA
hypermethylation on CpG islands. Genes that participate in
chromosome integrity may be silenced by regional DNA
hypermethylation.  Such mechanisms linking genetic ‘and
epigenetic alterations should be further examined, especially
in clear cell RCCs belonging to duster B.

Finally, we examined the clinicopathologic significance and
prognostic effect of our genetic clustering of clear cell RCC.

Variables

Histologic grade

Grade 1 1 (Reference) 2,312 '0.1284
Grade 2, 3, 0r4 3.291(0.709-15.285)

Pathologic TNM stage
Stage I 1 (Reference) 1.662.0.1973
Stage II, III, or IV 3.214 (0.545-18.964)

Genetic clustering
Cluster A 1'(Reference) 4.724.0.0297
Cluster B 5.252(1.177-23.442)

Abbreviation: 95% CI, 95% confidence interval.
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Clear cell: RCCs- showing higher histologic: grades, vascular
involvement; renal vein tumor thrombi; and higher pathologic
TNM stages were accumulated. in cluster B. Because there was
no significant difference of tumor size between clusters: A and
B, it-was not feasible for clear cell. RCCs in cluster B to:have
simply ‘been. in ~existence ‘longer: than those in cluster A:
genetic'and epigenetic alterations in cluster: B'may not simply
accumulate at: the same constant speed as those in-cluster A.
Although it has been-reported that: careful: dissection of large
clear ‘cell ' RCCs: almost always reveals renal vein tumor
thrombi (28), because there was no: significant difference: in
tumor size between: clusters A and B, accumulation of ‘clear
cell RCCs with renal vein tumor thrombi in cluster B:was not
attributable to the difference in tumor size. Recuirence-free
and overall survival rates were significantly lower in cluster B
patients than in cluster A patients. Previous studies using FISH
(29) -and ‘microsatellite: loss -of ‘heterozygosity (30) analyses
and focusing on chromosome 9p have revealed that loss of 9p
is associated: with ‘tumor: recurrence :and: poorer- outcome. A
previous: study that used the inter-Alu ‘long. PCR method
focusing on chromosome 14¢ showed that loss of 14q was
associated  with. poorer. outcome: (31). These separately
examined - variables are consistent with our results because
loss of chromosomes 9 and 14q was frequent in cluster B. Our
data suggest that our genetic clustering of clear cell RCC based
on copy number alterations is significantly correlated with
tumor aggressiveness and is a significant prognostic indicator.
Accumulated: genetic and epigenetic alterations may play a
significant role in the malignant potential of clear cell RCCs
belonging to  cluster: B. Multivariate: analysis revealed that
genetic clustering was a predictor of recurrence:-free survival
and was independent of histologic grade and pathologic TNM
stage. Gain at some BAC cones on chromosomes 3q and 8q
was observed only in clear cell RCCs showing recurrence.

References

Genes that participate in malignant progression and are
activated by chromosome gain may be identified in such
BAC regions.

Although low-stage clear cell RCCs ‘are generally curable by
nephrectomy, occasional relapse or metastasis can lead to death
in middle-aged adults belonging to the working population.
For effective follow-up and adjuvant therapy, an indicator for
prognostication’ of clear cell RCCs. using nephrectomy: speci-
mens should be established. Our genetic clustering of clear cell
RCC seems to be a significant prognostic factor. In addition, as
shown in the present study, a sufficient quantity of good quality
DNA can be obtained from each nephrectomy specimen.
Therefote, array-based analysis is applicable to routine labora-
tory examinations for prognostication after nephrectomy. We
are currently attempting to make a mini-afray harboring a sét of
BAC clones that ‘can effectively. discriminate cluster B from
cluster A for prognostication of clear cell RCCs. The reliability
of 'such prognostication: will ‘need. to: be validated in " a
prospective study.

In summary, indispensable copy number aberrations, loss of
chromosome3p-and gain of chromosomes 5q and: 7," may
solely promote the development of RCCs belonging to cluster
A, -which show a favorable outcome. When' loss. of chromo-
somes 1p, 4, 9, 13q, and:14q and DNA methylation alterations
are added to:loss of 3p and gain of 5q and 7, more malignant
RCCs: belonging to. ‘cluster B 'may develop. The order of
occurrence of each ‘genetic and epigenetic event during renal
carcinogenesis has not yet been defined. Our genetic clustering
associated ' with - regional 'DNA hypermethylation: may  also
become a prognostic indicator for clear cell RCCs.
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Minimally Invasive Intraductal Papillary-mucinous
Carcinoma of the Pancreas: Clinicopathologic Study
of 104 Intraductal Papillary-mucinous Neoplasms

Satoshi Nara, MD,* Kazuaki Shimada, MD, PhD,t Tomoo Kosuge, MD, PhD,t
Yae Kanai, MD, PhD,* and Nobuyoshi Hiraoka, MD, PhD*

Abstract: Invasive | intraductal papillary-mucinous: carcinoma
(I-IPMC) is a heterogeneous: entity with various postoperative
outcomes.. The aim of this study is to characterize early-stage
I-IPMC with nonaggressive characteristics.. One hundred and
four patients: with: intraductal . papillary-mucinous ' neoplasm
(IPMN)  were clinicopathologically  investigated. The  lesions
were: classified into 53 noninvasive IPMNs (adenoma, border-
line, and noninvasive IPMC) and 51 [-IPMCs on the basis of
the: WHO classification.. I:IPMCs: were divided ' further into
26. minimally: invasive IPMCs (MI-IPMCs) and: 25 invasive
carcinomas originating in. IPMC (IC-IPMCs) by new diagnostic
criteria proposed in this study. We examined invasiveness of
I-IPMC. on 4 'patterns;  and: defined simple  and  practical
diagnostic criteria of minimal invasion for each invasive pattern.
The disease-specific survival rates:after 3; 5, and 10 years were
100%;: 100%, and 100% for both noninvasive IPMN and MI-
IPMC; and 51%; 38%; and 0% for:IC-IPMC. The overall and
disease-specific survival rates for MI-IPMC were both signifi-
cantly better than those for IC-IPMC (P < 0.001), but there was
no significant difference between noninvasive IPMN and MI-
IPMC. Multivariate analysis showed that the factors indicative
of poor prognosis were a diagnosis of [-IPMC classified as IC-
IPMC and a high level of serum carbohydrate antigen 19-9. The
prognosis of IC-IPMC was not significantly different from that
of pancreatic ductal carcinoma in ¢ach of the corresponding
tumor-node-metastasis stages. These findings suggest that a
category. of  MI-IPMC provides ‘more accurate and useful
information of the stage and the aggressiveness of I-IPMC.

Key Words: intraductal papillary-mucinous neoplasms of the
pancreas, minimal invasion; prognosis, clinicopathologic analysis,
invasive pattern
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l ntraductal papillary-mucinous neoplasm (IPMN) of the
pancreas is a well-characterized clinical and pathologic
entity. IPMNs are characterized by intraductal prolifera-
tion:.of ‘neoplastic mucinous. cells, which usually form
papillae and lead to cystic dilation of the pancreatic ducts,
forming = clinically = and. macroscopically. - detectable
masses.' Similarly to the well-defined adenoma-carcino-
ma sequence in colorectal cancer,” IPMNs progress from
intraductal  papillary-myucinous: adenoma . (IPMA) to
borderline IPMN, then to intraductal papillary-mucinous
carcinoma (IPMC), and eventually to invasive adenocar-
cinoma.2>!% According to the WHO classification,!3:!>
IPMC is classified as either ‘‘noninvasive” or “invasive,”
It is reported that noninvasive IPMN shows a favorable
postoperative ‘outcome in comparison : with . invasive
IPMC (I-IPMC); with S-year survival rates ranging from
77% t0100%.46:16.20.22.24 With regard to the prognosis
of I-IPMC, there is a substantial variation in the 5-year
survival rates from . 24% - to . 60% ' in - previous
reports.+016:2022-24 This may be due to heterogeneity of
I-IPMCs,. including an invasive component of various
sizes and: biologic behavior. Our hypothesis:is: that the
prognosis of [-IPMC can be substantially determined by
the degree and type of invasion; and thus I-IPMC can
be classified ‘as either aggressive or nonaggressive by
categorization  according to the extent and pattern of
invasion. Such a classification would be clinically relevant
for deciding whether surgery is indicated, for selecting the
most appropriate surgical procedure, and for prediction
of postoperative outcome:

The. concept of minimally  invasive cancer was
originally introduced for uterine cervical cancer showing
very early invasion and a favorable prognosis.?® Mini-
mally invasive IPMC (MI-IPMC) has been categorized
within the classification of pancreatic carcinoma used by
the Japan Pancreatic Society (JPS) since 1993.!? In the
JPS classification; I-IPMC is classified into 2 categories:
MI-IPMC and invasive carcinoma originating in IPMC
(IC-IPMC); the latter being more advanced. A few
reports have indicated that MI-IPMC has'a better
surgical outcome than IC-IPMC.!%?>?7 However, the
definition of “minimal invasion’’ has not been:clear.
In the original JPS text, it is described only as *'slight
invasion beyond the pancreatic duct wall.”!?

In. this. retrospective study, we evaluated :the
invasiveness of I-IPMC by the examination of 4 invasive
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patterns, “and - tried to- define  simple and - practical
diagnostic criteria of minimal invasion for each invasive
pattern.  The clinical relevance: of" this  subdivision ‘was
then evaluated in terms of postoperative survival.

MATERIALS AND METHODS

Study Population :

This study was approved by the Ethics Committee
of the National Cancer Center; Japan. Between January
1984 and December 2005, 111 patients’ underwent
pancreatic resection for IPMNs at the National Cancer
Center Hospital, Japan. There were no operation-related
deaths, and  all - patients “underwent macroscopically
curative resection without any residual: tumor.: Seven
cases also had ductal carcinoma of the pancreas, which
was not directly associated with IPMNs. Excluding these
patients, 104 cases of IPMN were included in this study.
The patients comprised of 56 males and 48 females with
a median age of 66 (41 to 84) years. The operative
procedures included 12 pancreatoduodenectomies (PDs),
59 pylorus-preserving PDs (PPPDs), 24 distal pancrea-
tectomies, 3 total pancreatectomies, 5 partial pancreatec-
tomies; and 1 PPPD with distal pancreatectomy. These
procedures accounted for 18.9% of all pancreatectomies
(n = 551) performed at our institution for pancreatic
tumors during the same period.

Every patient was followed up in: the outpatient
clinic every 1 to 3 months during the first postoperative
year, and every 6 to 12 months thereafter. No patient
dropped out during follow-up. Clinical or radiologic data
and: follow-up information for @ every patient - were
obtained from the medical records. The median follow-
up period after surgery was 37.2 (4.2 to 210) months for
all ‘patients, 52.9 (4.2 to 171) months for noninvasive
IPMN, 43.4 (13.2 to 210) months for MI-IPMC, and 20.4
(7.1 to 87.7) months for IC-IPMC.

Pathologic Examination

All of the IPMNs were pathologically reexamined
and the diagnosis of IPMN was confirmed. Surgically
resected specimens were fixed in 0% formalin and cut into
serial S-mm-thick slices; horizontally in the pancreas head,
and sagittally in the pancreas body and tail. All the
sections were stained  with -hematoxylin and eosin for
pathologic examination. If necessary, additional staining
for elastic fibers (elastica stain) was performed. After
histopathologic examination of all the sections, the lesion
was classified as IPMA,; borderline IPMN, noninvasive
IPMC, or I-IPMC according to the WHO classifica-
tion.!>13 The lesion was graded by the highest degree of
atypia. [-IPMCs were divided further into MI-IPMC or
IC-IPMC according to our proposed criteria (Table 1)
described later. We evaluated the invasiveness of I-IPMC,
and the 4 invasive patterns were examined: “infiltrative
growth,” “‘mucous rupture,” “‘‘expansive growth,”: and
“intra-abdominal rupture.” The criterion  of minimal
invasion was proposed for each invasive pattern. [-IPMC
showing some featurées of minimal invasion without any
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features categorized in IC-IPMC was classified as MI-
[PMC. [-IPMC showing at least one invasive feature
beyond: minimal: invasion is classified -as: [C-IPMC. For
example, if an T-IPMC shows mucous- rupture and
infiltrative growth-of tubular adenocarcinoma with 6-mm
length of invasion, this tumor is diagnosed as IC-IPMC.

An infiltrative growth pattern, which is commonly
found in conventional invasive ductal carcinoma of the
pancreas; - is - considerably aggressive  (Figs. 1A-D).
Among the 6 patients with IC-IPMC, in whom the depth
of infiltration of carcinoma cells ranged from 6 to 20 mm,
3 patients (including a patient with 6-mm-length infiltra-
tion of carcinoma: cells) had recurrence in the liver or
peritoneal cavity, and died of the disease. This suggests
that infiltrative growth is strongly associated with a high
rate of recurrence and mortality, even if the size of
invasion is limited. On the other hand, none of the 17
patients with a maximum infiltration of Smm or less had
recurrence except 2 patients, 1 of them had 2-mm-length
infiltration of tubular adenccarcinoma and the other had
2-mm-length - infiltration of pure mucinous -carcinoma.
Therefore, we adopted g threshold of Smm as a
diagnostic criterion for minimal invasion in infiltrative
growth (Table 1). Lymphatic, venous, and neural inva-
sion are treated as a part of infiltration of cancer cells.
Invasion of 5mm or less is sometimes difficult to. detect.
In such cases, elastica staining was helpful’ for differ-
entiating infiltrating carcinoma from: intraductal spread-
ing of carcinoma (Figs. 1C, D).

IPMN is characterized by its prominent mucus
secretion into the lumen, in some cases, into the space
between epithelial cells and basement membrane due to
inverted cellular polarity, which subsequently causes
disruption of the pancreatic duct wall and spilling of .
mucus into the interstitial space.!"” This is referred to
mucous rupture (Fig. 2) and is diagnosed as minimal
invasion if mucous lakes aré not associated with muci-
nous carcinoma showing infiltrative growth (Table 1).
Mucous rupture was observed only in the vicinity of the
pancreatic ductal system; although the location was not
confined to the pancreas. We considered mucus lakes near
noninvasive IPMC as mucous rupture regardless of the
presence of viable cancer cells within: it, because viable
cancer cells may be present floating in the mucus lake.
When viable: cancer cells floating in mucus lake are
apparently present and are scant (there is very small
number of cancer cells or their clusters floating in only the
limited mucus: lakes. The representative feature was
shown in Fig. 2D), this situation is called as ‘‘mucous
rupture with cellular component.’’ This subcategory
includes a kind of pure mucinous carcinoma (alternatively
colloid carcinoma)! showing a very low cellularity, and
nonmucinous cancer cells which are simply detached from
the duct wall and are floating in mucus lake. Mucous
rupture without floating cancer cells represented  the
suspected lesion of mucous rupture with cellular compo-
nent. When there are many cancer cells (more: than
“scant’’ level) floating 'in mucus lake, it is judged as
infiltrative growth of mucinous carcinoma (Figs: 2E; F).

© 2008 Lippincott Williams & Wilkins
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FIGURE 1. Histopathologic features of “infiltrative growth’ in I-IPMC. A and B, Histologic features resemble those of conventional
invasive ductal carcinoma of the pancreas. The arrows indicate the depth of infiltration of invasive carcinoma. If the depth is less
than 5mm, it is regarded as minimal invasion (A), and if the depth is more than Smm it is regarded as IC-IPMC (B). C and D,
Elastica stain (D) helps to discriminate infiltrative growth from intraductal spread of carcinoma. The former lacks a positively
stained sheath of elastic fibers (black) around the pancreatic duct. Hematoxylin and eosin stain (C).
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FIGURE 2. Histopathologic features of ; h’ of mucinous carcinoma in I-IPMC. A to D,

’Mucous rupture’’ pattern. Part of the p kage is evident. Variable sizes of mucus lakes

without viable cancer cells ﬂoatmg are observed (A—C) A small duct covered by elastic fibers (C right column; elastica stain) is
- broken and the mucus leaks to form mucus lake (C). A small number of cancer cells (arrow) are floatmg in mucus lakes, which is
described as “'mucous r ant.” We could not observe any floating cancer cells in mucus lakes other than
this cluster of cancer celis (arrow) in the entire lesion of the I-IPMC (D). E to H, “Infiltrative growth” of mucinous carcinoma. Many
cancer cells ﬂoatmg in mucus lakes (E, G) or infiltrating features of mucinous carcinoma (F, H) are categonzed as ”'nfdtratlve

growth”’ of mucinous carcinoma. G and H, High-power view of (E) and (F), respectively.
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FIGURE 3. Histopathologic features of ““expansive growth”” in I-IPMC. The pancreatic duct is markedly dilated to a cystlike shape
(A, B). Fresh cut view (A) and formalin-fixed cut surface (B) of cystic I-IPMCs. Cystically dilated pancreatic duct is filled with clear
mucus and many papillary projections are seen on the inner surface (A). The SPV is compressed (B-D) and its thickened wall is
eroded by an enlarged cystic IPMC (arrows) in hematoxylin and eosin stain (C) and elastica stain (D). A fistula has been formed

between cystic I-IPMC (dotted line) and duodenum (E).
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