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A simple and rapid method to detect the epidermal
growth factor receptor hot spot mutation L858R in
lung adenocarcinoma was developed based on prin-
ciples similar to the universal heteroduplex generator
technology. A single-stranded oligonucleotide with an
internal deletion was used to generate heterodu-
plexes (loop-hybrids) bearing a loop in the comple-
mentary strand derived from the polymerase chain
reaction product of the normal or mutant allele. By
placing deletion in the oligonucleotide adjacent to the
mutational site, difference in electrophoretic mo-
bility between loop-hybrids with normal and mu-
tated DNA was distinguishable in a native polyacryl-
amide gel. The method was also modified to detect
in-frame deletion mutations of epidermal growth
factor receptor in lung adenocarcinomas. In addi-
tion, the method was adapted to detect hot spot
mutations in the B-type Raf kinase (BRAF) at V600
and in a Ras-oncogene (NRAS) at Q61, the mutations
commonly found in thyroid carcinomas. Our muta-
tion detection system, designated the loop-hybrid
mobility shift assay was sensitive enough to detect
mutant DNA comprising 7.5% of the total DNA. As a
simple and straightforward mutation detection
technique, loop-hybrid mobility shift assay may
be useful for the molecular diagnosis of certain
types of clinical cancers. Other applications
are also discussed. (J Mol Diagn 2006, 8504-512; DOI
10.2353/jmoldx.2006.060030)
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Rapid and accurate detection of mutations in various
cancer-related genes has become increasingly important
to provide molecular diagnostic information about clinical
cancers. For example, information of the mutated states
of particular genes is crucial for successful chemother-
apy with certain gene-targeting drugs. Namely, gleevec
(imatinib) has been shown to be effective for gastrointes-
tinal stromal tumor with specific mutations in KIT"2 and
PDGFRA 2 as well as for chronic myelogenous leukemia
carrying the chimeric gene BCR/ABL1.* Recently, a sub-
set of lung adenocarcinomas with specific mutations in
epidermal growth factor receptor (EGFR) has been re-
ported to respond remarkably well to Iressa (gefitinib),5°

To detect mutations in these and other oncogenes,
there are several long-standing methods available such
as direct sequencing of polymerase chain reaction
(PCR)-ampilified DNA, single-sirand conformation poly-
morphism (SSCP),"® SSCP/duplex analyses,*' mutant al-
lele-specific amplification,’ and denaturing high perfor-
mance liquid chromatography.'®14 These techniques
have been successfully applied for the detection of mu-
tational changes in various cancer genes. Each method
has its own advantages as well as disadvantages or
difficulties in practical situations. Direct sequencing of
heterozygous point mutations and deletions may pro-
duce results requiring sophisticated data analysis for
heterozygous mutations, especially in the presence of
contaminating normal tissue DNA. SSCP, widely used for
its simplicity, requires strict temperature control during a
long electrophoretic time and radiolabeling in standard
detection. SSCP/duplex and denaturing high perfor-
mance liguid chromatography analyses necessitate so-
phisticated separation equipment such as capillary elec-
trophoresis or high performance liquid chromatography
with temperature control. Mutant allele-specific amplifica-
tion requires several primers with mutational sites at the
3’ ends to discriminate the mutational base changes by
the lack of polymerase extension beyond the mis-
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matched end, and occasional read-through can cause
ambiguous results.

Heteroduplex analysis using universal heteroduplex
generator (UHG) technology'®'® is based on the re-
tarded mobility in native polyacrylamide gel electro-
phoresis (PAGE) of a heteroduplex between the test PCR
fragment and the PCR fragment termed the heteroduplex
generator. Heteroduplex generators contain small dele-
tions in the vicinities of mutational sites and generate four
kinds of heteroduplexes with mutant and normal strands
by hybridization, which are differentiated by the mobility
changes. The method was applied to detect point muta-
tions in sickle-cell diseases and phenylketonuria. Re-
cently, UHG technology was adapted for detection of
point mutations in NRAS at codons 12, 13, and 61,78 |n
UHG technology, band patterns of four different retarded
bands in PAGE are analyzed to determine mutational
states. We simplified UHG technology by using single-
stranded oligonucleotides with internal deletions as the
generators of the loop-bearing heteroduplexes. This
modification yields two bands for heterozygosity and one
band for homozygosity, enabling more straightforward
data analysis. Our method, designated the loop-hybrid
mobility shift assay (LH-MSA), was developed to detect
the point mutation L858R of EGFR exon 21 in lung ade-
nocarcinoma that is associated with responsiveness to
gene-targeted kinase inhibitors such as gefitinib. Adap-
tations of LH-MSA to detect in-frame deletions of EGFR
exon 19 in lung adenocarcinoma and hot spot point
mutations of BRAF and NRAS in thyroid carcinoma are
also described.

Materials and Methods

DNA Preparations and Plasmid Clones

DNA from fresh tumor tissues (16 cases of lung adeno-
carcinoma, 25 cases of papillary thyroid carcinoma, and
19 cases of follicular thyroid carcinoma) was prepared
according to standard protocols after obtaining informed
consent. Formalin-fixed, paraffin-embedded (FFPE) tis-
sue sections of lung adenocarcinoma and papillary thy-
roid carcinoma were also used for preparing DNA as
follows. Thin-sectioned tissues (15 to 20 um thick) were
deparaffinized with xylene followed by ethanol series and
air-dried. Tumor tissues, identified in the hematoxylin and
eosin-stained serial sections (2 um), were applied with a
pinpoint solution (Pinpoint slide DNA isolation system;
Zymo Research, Orange, CA), air-dried, and cut out to-
gether with the overlaid dried film of the pinpoint solution.
The excised tissues (3-mm square) were digested in
proteinase K buffer solution at 55°C for 4 hours, heat
inactivated at 95°C for 15 minutes, and used as PCR
template directly, or after purification with a spin column.

PCR-amplified DNA fragments were ligated to the
TOPO-TA ligation vector pCR4TOPO (invitrogen, Carls-
bad, CA), electroporated into Escherichia coli, and
cloned. Cloned bacterial cells were suspended in lysis
solution (CloneChecker; Invitrogen), heat-lysed at 98°C
for 30 seconds, and used as the cloned plasmid DNA
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solutions. DNA of the cloned plasmids was amplified with
Phi28 polymerase (GE Health Care Bio-Science, Piscat-
away, NJ) and used for sequencing the inserts of tumor
DNA fragments (CEQB000 sequence analysis system;
Beckman Coulter, Fullerton, CA). Direct sequencing of
the PCR products from EGFR exon 21 was performed as
described by Lynch and colleagues.®

Loop-Hybrid Formation in the LH-MSA

The LH-MSA consisted of two parts: hybridization of PCR
products to the loop-hybrid generator (LH-G) probes
made from synthetic oligonucleotides (70 to 99 mers) to
generate loop-hybrids (Figure 1A) and analysis of mobil-
ity shifts of the loop-hybrids after native PAGE as de-
scribed below. Nucleotide sequences of PCR primers
and LH-G probes used to detect point mutations (7R,
18R, 9F, and 10K} and deletions (1SJWTF) are described
in Table 1. Each LH-G probe was designed to overlap
with one of the PCR primer pairs at the 5’ end, and a
stretch of up to 18 nucleotides was deleted in the region
adjacent to the mutational hot spot for detection of point
mutations. To detect deletion mutations in EGFR exon 19,
the LH-G probe (19JWTF) was an oligonucleotide with no
internal deletion that extended 26 nucleotides beyond the
region of deletion mutations so that a loop forms only
when it hybridizes with PCR products containing a dele-
tion in EGFR exon 19 (Figure 3A). LH-G probes were
purified with high performance liquid chromatography.
PCR was performed with Accuprime Tag polymerase
containing primer-template hybridization-enhancing re-
agent (Invitrogen). Generation of loop-hybrids was con-
ducted at the end of the PCR ampilification cycles by
adding a specific LH-G probe into the PCR reaction
solution at a final concentration of 500 nmol/L, ie, in large
excess to the initial concentration of primer pairs (200 nmol/
L). The mixture was then subjected to the loop-hybrid for-
mation (LH-F) steps, consisting of 1) denaturation at 94°C
for 2 minutes, 2) hybridization of the LH-G probe to the
complementary strand at 55°C for 15 seconds, and 3) ex-
tension of the 3’ end of the LH-G probe in loop-hybrids-by
Tag polymerase at 68°C for 4 minutes. After the LH-F steps,
reaction products were analyzed by PAGE to detect migra-
tion shift of the loop-hybrid bands by the mutations.

Detection of Loop-Hybrid DNA with PAGE

PCR products subjected to LH-F steps in the presence of
LH-G probes were separated by electrophoresis in a
native 10% polyacrylamide gel (6 cm X 6 cm preformed
compact gels; ATTO Inc., Tokyo, Japan) in Tris-glycine
buffer (37.5 mmol/L Tris, 288 mmol/L. glycine) at 20 mA
for 30 minutes at room temperature. Using a native 8%
polyacrylamide gel in TBE buffer (89 mmol/L Tris, 89
mmol/L boric acid, 2 mmol/L ethylenediaminetetraacetic
acid), electrophoresis of the loop-hybrid DNA performed
at 10 mA for 1 hour at room temperature yielded equiv-
alent results. After electrophoresis, gels were stained for
10 minutes with SYBER Green | (Cambrex Bio Science,
Rockland, ME) diluted to 1/10,000 in distilled water and
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Table 1. PCR Primers and LH-G Probes Used for Detection of Mutations in EGFR, BRAF, and NRAS
Gene Mutation Amplicon PCR primer? LH-G probe?* (probe name)
EGFR In-frame deletion 212bp (F) GGACTCTGGATCCCAGAAGGTG GGACTCTGGA TCCCAGAAGG TGAGAAAGTT
in exon 19 AAAATTCCCG TCGCTATCAA GGAATTAAGA
(R) CATTTAGGATGTGGAGATGAGC GAAGCAACAT CTCCGAAAGC CAACAAGGAA
ATCCTCGAT (19JWTF)
EGFR  Point mutation in 161bp (F) GGCATGAACTACTTGGAGGAC CTTACTTTGC CTCCTTCTGC ATGGTATTCT
- exon 21 at L858 TTCTCTTCCG CACCCAGCAG *******AGC
(R) CTTACTTTGCCTCCTTCTGCATG  CCAAAATCTG TGATCTTGAC ATGCTGCG
(7R)
CTTACTTTGC CTCCTTCTGC ATGGTATTCT
TTCTCTTCC* *ok ok ok ko ok ok ok ok *******AGC
CCAAAATCTG TGATCTTGAC ATGCTGCG
(18R)
BRAF  Point mutation in 157bp (F) ATTTCTTCATGAAGACCTCACAG  ATTTCTTCAT GAAGACCTCA CAGTAAAAAT
exon 15 at V600 AGGTGATTTT GGTCTAGCTA CAGT******
(R) GGCCAAAAATTTAATCAGTGGA ** *ATGGAGT GGGTCCCATC AGTTTG
. (9F)
NRAS  Point mutation at 149bp (F) GTGAAACCTGTTTGTTGGAC GTGAAACCTG TTTGTTGGAC ATACTGGATA
061 CAGCTGGACA ********+x AGTGCCATGA
(R} CCTGTAGAGGTTAATATCCG GAGACCAATA CATGAGGACA GG (10K)

(F), forward primers; (R), reverse primers.

 deleted nucleotides; underlined nucleotides indicate the hot spots of mutations to be detected.

placed in deionized water to remove excess dye. After the
staining, DNA was detected with a laser-scanning imager
(STORMBB0; GE Health Care Bio-Science) using 450-nm
excitation and a 520-nm long path filter. A 100-bp ladder
(Promega, Madison, WI) was used to distinguish the bands
of loop-hybrid DNA showing retarded migration from the
homoduplex bands showing size-dependent migration.

Estimation of Mutant Copy Numbers with
LH-MSA

Plasmid clones of PCR products from the L858R mutant
and normal alleles of EGFR exon 21 were mixed together
at mutant to normal ratios ranging from 1 to 0.05. After
PCR of these mixed samples with Accuprime Tag High
Fidelity (Invitrogen), an aliquot was examined directly
with LH-MSA using the 18R LH-G probe to determine the
sensitivity of mutation detection and the remaining portion
was used for TOPO-TA ligation and cloning as described
above. Forty-eight to ninety-six bacterial clones were geno-
typed with LH-MSA using the 18R LH-G probe to estimate
copy numbers of the mutant allele in PCR products from the
mixed samples. No mutant was found in the 48 clones of the
normal control. Dideoxy sequencing of the mixed plasmid
DNA was performed as described above.

Results

Detection of the EGFR Hot Spot Mutation
L858R in Lung Adenocarcinoma Using LH-MSA

For simple and easy detection of the point mutation at
L858 in EGFR exon 21, a method similar to the universal
heteroduplex generator technology’®™'® was developed.
As illustrated in Figure 1A, the heteroduplex with a loop
{hereafter referred to as loop-hybrid) can be generated
by hybridization of the PCR product from EGFR exon 21

with a synthetic cligonucleotide (LH-G probe) having a
stretch of nucleotides deleted adjacent to the mutation
hotspot at L858. A series of LH-G probes expected to
generate loops of various nucleotide lengths (Figure 1B)
was examined. Migration of the loop-hybrids in PAGE
was markedly retarded compared to the size-dependent
migration of the homoduplex, and the degree of retarded
mobility depended on the size of loop in the loop-hybrid
(Figure 1, B and C). The loop-hybrid band of the mutant
allele was markedly shifted from that of the normal allele
when the same LH-G probe was used (Figure 1B). The
shift was particularly pronounced for the LH-G probes
4R, 7R, 14R, and 18R. Faint secondary bands were vis-
ible beside the major LH band when the LH-G probes 3R,
BR, and 8R were used. DNA from the retarded bands
excised from the gel was amplified with PCR and cloned
into plasmids. When these clones were sequenced, both
the original PCR fragment and the derivative of the LH-G
probe used to generate the loop-hybrid were identified
(data not shown), confirming our model (Figure 1A).
When the faint secondary band produced by LH-G probe
8R was similarly analyzed, a mutation (one base deletion
five bases upstream of the internally deleted site) was
detected in the sequence corresponding to the 8R LH-G
probe, whereas the expected sequence of 8R was found
in the main loop-hybrid band. Therefore, the faint sec-
ondary band seemed to be generated by a contaminat-
ing mutant form of the 8R LH-G probe. Purification of
LH-G probes with PAGE may be necessary to reduce
such inadvertent contaminants. The LH-G probes 7R and
18R showed single, discrete loop-hybrid bands, well dis-
tinguishing the mutant from the normal allele and dis-
tinctly separated from the homoduplex band. Therefore,
these LH-G probes were adopted in the following LH-
MSA analysis to detect the L858R mutation in EGFR exon
21. Heterozygous mutations are detected as the double
bands of the normal and the shifted mutant loop-hybrid
bands.
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Figure 1. Detection of the hot spot point mutation L858R (CTG>CGG) of EGFR exon 21 by LH-MSA using various LH-G probes. A: Schematic representation of
loop-hybrids (LM) generated by an LH-G probe (G) in the PCR product heterozygous for a point mutation. Homoduplexes of the normal and mutant alleles are
produced by polymerase extension of the hybridized PCR primer (p). The broken line indicates the 3‘ region of the UH-G probe to be extended by Tag
polymerase after hybridization, Gray arrows indicate the hybridizing reaction. B: Mobility shifts of the loop-hybrid bands caused by the mutant allele are shown
as the difference (mm) in mobility in the gel between the loop-hybrid band of the mutant allele and that of the normal allele for each LH-G probe, together with
the sequence of the loop generated by the LH-G in the sense strand of the normal allele. Partial sequences of the normal and mutant alleles in the sense (s) strand
are shown, with the codon L858 in bold. Also shown is the partial reverse anti-sense sequence (a) of the LH-G probe 18R with deleted nucleotides (—). C: Paired
PCR products from the template DNA of the plasmid clones of the normal (N) and the mutated (m) alleles were examined with a series of LH-G probes as denoted
for each lane and analyzed with PAGE. Deletions in these LH-G probes generated the loops of 1 to 18 nucleotide lengths in the loop-hybrids. Control PCR products

(=) hybridized with no LH-G probe are also shown.

DNA prepared from fresh lung adenocarcinoma tu-
mor tissues was screened for the L858R mutation using
LH-MSA (Figure 2A). The expected double bands for
the putatively heterozygous mutation were clearly
shown for 3 of 16 examined cases. The L858R mutation
in these three cases was confirmed by direct sequenc-
ing. For comparison DNA from FFPE tissues of 50
cases in pathological archives of operated lung ade-
nocarcinoma were analyzed by LH-MSA and by direct
sequencing. PCR products from those cases in which
mutations were detected by LH-MSA were cloned in
plasmids and screened with LH-MSA, and mutant
clones were sequenced. As summarized in Table 2,
26% of the cases (13 of 50) exhibited the L858R mu-
tation. Nine of these were consistent with the direct
sequencing results, but the remaining four were not
confirmed because of insufficient quality of the direct
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sequence data. One mutation (2%) other than L858R
was detected by LH-MSA and determined to be A8B59T
by sequence analysis of the mutant clone and by the
direct sequencing. When FFPE tissue DNA from an
additional 68 lung adenocarcinoma cases was exam-
ined by LH-MSA, the mutation L858R was again ob-
served at a high frequency (27.9%, Table 2). Mutations
other than L858R (LB6B1R) were detected at a low fre-
quency (2.9%, 2 of 68) by LH-MSA and sequence
analysis of the mutant clones. One of the rare muta-
tions (L861R) produced a mutant loop-hybrid band that
shifted differently from that of L858R (Figure 2B). These
rare mutations were close in proximity to L858 (Figure
2C). In the present analysis, the mutational state of
EGFR exon 21 at L858 was diagnosed by LH-MSA with
a high accuracy of 97.5%, taking into account muta-
tions other than L858R (2.5%). Mutations other than
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Figure 2. Detection of point mutations at or near the hot spot L858 of EGFR
exon 21, A: The electropherogram after LH-MSA using LH-G probes 7R and
18R to detect the L858R mutation (CTG>CGG) of EGFR exon 21 in DNA from
fresh lung adenocarcinoma tissues. Lane 1, the normal allele; lanes 2 10 4,
putative heterozygous mutations. The homoduplex bands were 161 bp in
length. B: LH-MSA with probes 7R and 18R to detect the following heterozy-
gous mutations in EGFR exon 21 of 1858R (CTG>CGG, lane 1), A859T
(GCC>ACC, lane 2), and L861R (CTG>CGG, lane 3). Lane 4 is the normal
allele. C: Positions of point mutations in exon 21 detected by LH-MSA (L858R,
A859T, L861R; closed triangles). D: Detection of the mutated allele (m) of
EGFR L858R present at decreasing ratios to the normal allele (N) with
LH-MSA using the LH-G probe 18R. The template DNA was constituted by
mixing the diluted DNA of cloned plasmids of the mutated and normal
alleles. Loop-hybrid bands are shown, together with the observed mutant to
normal ratios (m/N) in the PCR products, the standard deviations (SDs), and
the total numbers of clones examined (Tn).

L858R that were undetected by LH-MSA could occur,
but their presence was not verified in this study.
LH-MSA may be used semiquantitatively, as shown in
Figure 2D. The mutant allele in the mixed sample at the
mutant to normal ratio 0.05 (0.08 by the observed ratio)
was detected with LH-MSA but not detected by dideoxy
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Figure 3. Detection of deletion mutations in EGFR exon 19 with LF-MSA. A:
Schematic representation of loop-hybrids (LH) generated by the normal
LH-G probe (Np) hybridized to the anti-sense strands of the PCR products of
deleted mutant alleles. Homoduplexes of the deleted mutants are repro-
duced in LH-MSA by extension of the PCR primer (p) hybridized to the sense
strands of the PCR products. The symbols are the same as in Figure 1A. B:
LH-MSA of PCR products from the plasmid clones of deletion mutant alleles
G1to G7 (lanes 1 to 7) and of the normal allele (N) treated with the normal
LH-G probe 19JWTF. C: Partial nucleotide sequences of the deletion mutants
(G1 to G7) and the normal allele (N) of EGFR exon 19, as well as the
corresponding normal amino acid sequence. Deleted nucleotides are indi-
cated by dots, and nucleotide displacements are underlined. Incidences of
the single deleted mutations in 118 cases of lung adenocarcinoma are shown
in parentheses.

sequencing (data not shown). Our results show that LH-
MSA was able to detect a mutant allele comprising 7.5%
of the total DNA, suggesting that tumor cells with a het-
erozygous mutation that comprise 15% of the total cell
mixture might be detected by LH-MSA.

Detection of In-Frame Deletion Mutations in
Lung Adenocarcinoma Using LH-MSA

In-frame deletion mutations in EGFR exon 18 involving 9
to 18 bases (including the overlapping region L747 to
E749; Figure 3C) were detected frequently in lung ade-
nocarcinoma.>® For heterozygous deletion mutations,
heteroduplexes between the normal and the deleted mu-
tant alleles of the PCR product were detected in PAGE as

Table 2. Point Mutations in EGFR Exon 21 Detected by LH-MSA in FFPE Tissue DNA from Lung Adenocarcinomas
Genotype of Experiment 1 Ex‘penment 2 Total

EGFR exon 21 LH-MSA (%) Direct sequence (%) LH-MSA (%) LH-MSA (%)
Normal 36 (72) 35 (70) 47 (69.1) 83 (70.3)
L858R 13 (26) 9 (18) 19(27.9) 32 (27.1)
A8539T 1(2) 1(2) 1(0.8)
L861R 2(2.9) 2(1.7)
Undetermined 5(10)
Total 50 50 68 118
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Figure 4. Comparison of the mutations in BRAF at V600 and NRAS at Q61 detected by LH-MSA in DNA derived from bulk fresh tumor tissues versus FFPE tumor
tissues of thyroid carcinoma. A: Loop-hybrid bands after LH-MSA with the LH-G probe 9F for detection of the mutation V600E (GTG>GAG) in BRAF exon 15,
using the DNA from fresh tumor papillary thyroid carcinoma tissue. Lane 1, the putative heterozygous BRAF mutation; lIane 2, the normal zllele. B: Loop-hybrid
bands after LH-MSA with the LH-G probe 10K for detection of mutations in NRAS at Q61, using DNA from fresh tumor follicular thyroid carcinoma tissue. Lanes
1 and 2, the putative heterozygous NRAS mutations Q61R (CAA>CGA) and Q61K (CAA>AAA), respectively; and lane 3, the normal allele. C: Loop-hybrid bands
for detection of the BRAF mutation V600E, using DNA from FFPE tumor tissues (P) and from bulk fresh tumor tissues (F) of 21 thyroid papillary carcinoma cases.
Asterisks indicate discrepant results. D: Loop-hybrid bands after LH-MSA for detection of the NRAS mutation Q61R in bulk fresh tumor DNA of the discrepant
cases with respect to the BRAF mutation. The heterozygous NRAS mutation was evident in cases 21 and 28. E: Loop-hybrid bands indicating the heterozygous
NRAS mutation QG1R (top) and the heterozygous BRAF mutation VG0OE (bottorn) in DNA derived from follicular-type (foll, fol2, and fol) and papillary-type (pap)
twmors of FFPE tissue sections in the discrepant cases 21 and 28,

a pair of retarded mobility bands easily distinguishable tant clones. They were composed of G1 and G2 (two
from the homoduplex band showing size-dependent mi- cases), G1 and G3 (one case), and G1 and G4 (one
gration (data not shown). LH-MSA was adapted to detect case) (Figure 3C). These observations implicated multi-
not only heterozygous but also mono-allelic deletion mu- ple mutations in these tumor cases.

tations (Figure 3A). Namely, a normal oligonucleotide,
19JWTF, was added as the LH-G probe to the PCR

products from plasmid clones of several deleted mutant Detection of BRAF and NRAS Hot Spot

alleles and hybridized using LH-F steps. Analysis of Mutations in Thyroid Carcinoma Using LH-MSA
these reaction products in PAGE revealed various re-

tarded mobility bands of loop-hybrids at specific posi- The kinase-activating mutation VB00OE in BRAF was
tions for each of the deleted mutant alleles (Figure 3B). shown to occur at high frequencies in papillary thyroid
No retarded mobility band was observed for the PCR carcinoma,'®™2" whereas the activating mutation at Q61
product of the normal allele treated with this LH-G probe. in NRAS is prevalent in follicular thyroid carcinoma.?223
Using this LH-MSA adapted for the detection of deletion LH-MSA was adapted for detection of these mutations.
mutations in EGFR exon 19, 49 deletion mutations DNA samples prepared from fresh tumor tissues of pap-
(41.5%) were detected in DNA samples from FFPE tumor illary thyroid tumors were examined by LH-MSA for the
tissues of 118 lung adenocarcinoma cases and these V600E BRAF mutation. Distinct double bands (Figure
deletions were confirmed by sequencing the cloned mu- 4A), presumably indicating the heterozygous point muta-
tants. Although most ¢f the cases (45 of 49, 92%) were tion, were observed in 64% (16 of 25) of cases, consistent
uniguely associated with one of the deletion mutations with the previous direct sequencing results. Similarly,
shown in Figure 3C, composite mutations of two different DNA samples prepared from fresh tumor tissues of fol-
in-frame deletions were also found after sequencing mu- ficular thyroid carcinoma were screened for the NRAS
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Figure 5. Different histopathological types of the thyroid tumor in case 28 in
tissue sections stained with H&E. A: Tumor tissue of the papillary type. B:
Tumor tissue of the follicular type. Scale bars = 50 pum.

Q61 mutations using LH-MSA. As shown in Figure 4B,
distinct double bands were observed for the putative
heterozygous mutations of Q61R and Q61K (26 and 5%
of 19 cases, respectively), consistent with predetermined
direct sequencing results.

DNA from fresh papillary thyroid carcinoma tumor tis-
sues and from FFPE tumor tissues from the same cases
was compared for consistency of the mutations detected
by LH-MSA. Of 21 cases compared, 17 yielded the same
results using both DNA samples, namely, the BRAF het-
erozygous VBOOE mutation in 11 cases and no such
mutation in six cases. Discrepant results were observed
in four cases (Figure 4C). In one case (no. 11), a single
mutant loop-hybrid band was predominant in the FFPE
tissue DNA, but heterozygous double bands were ob-
served at equal densities in the fresh tumor DNA. Such
differences may be attributed to the loss of heterozygos-
ity in some portions of tumor tissues, including the sam-
pled area of the paraffin section within the tumor het-
erozygous for the BRAF mutation. The faint shifted loop-
hybrid band of the mutant allele in case 25 may suggest
that the fresh tumor DNA was contaminated by DNA from
normal cells, because equally dense double bands indi-
cating the heterozygous BRAF mutation were detected in
the FFPE tumor tissue DNA. In the other two cases (nos.
21 and 28), the normal BRAF in the bulk fresh tumor
tissue DNA were discrepant with the apparently heterozy-
gous BRAF mutation in the FFPE tissue DNA. Interest-
ingly, NRAS mutation Q61R was detected in the bulk
fresh tumor DNA in these two cases (Figure 4D) but not in
the other 19 cases. Histopathological examinations of the
tumors documented the presence of both of papillary and
follicular tissue types as separate components in the
same tumors in these two particular cases, but not in the
others (Figure 5, A and B). Tumor DNA from these pap-
illary and follicular tissue types were separately sampled
from the FFPE tissue sections and examined for the mu-
tations in BRAF and NRAS using LH-MSA. As shown in
Figure 4E, double bands indicating the heterozygous
BRAF mutation were detected in the papillary-type but
not in the follicular-type tumor tissues. On the other
hand, the double bands indicating the heterozygous
NRAS mutation were detected in the follicular-type but
not in the papillary-type tumor tissues. Because NRAS

mutations tended to be associated with follicular thy-
roid carcinoma,?22® DNA prepared from fresh bulk
tumors before histological diagnosis in the above two
thyroid tumor cases seemed to be derived from the
follicular-type tumors carrying the mutation in NRAS
but not from the papillary-type tumors carrying the
mutation in BRAF.

Discussion

LH-MSA is unique in that synthetic oligomers are used for
the generation of heteroduplexes bearing small loops by
hybridization to PCR products. Differential mobility of the
loop-hybrids in native PAGE that reflects a slight change
in the nucleotide adjacent to or within the loop was ex-
ploited to detect mutational changes present in the DNA,
LH-MSA, along with the original UHG technology,'5-'®
may provide a simple and useful system for detection of
mutations in various cancers with fixed mutational hot
spots. However, detection of widespread loss-of-function
mutations in TP53, BRCA1, MLH1, and other cancer-
related genes may elude straightforward application of
LH-MSA in the present simple format. As shown in this
study, LH-MSA is particularly useful for the molecular
diagnosis of lung adenocarcinoma because it can easily
detect in-frame deletion mutations in exon 19 and the hot
spot point mutation L858R in exon 21 of EGFR that is
associated with therapeutic responses to EGFR kinase
inhibitors such as gefitinib.>®° The VB00E point mutation
in BRAF could be diagnostically important for thyroid
carcinoma'®2' and melanoma?®*-28 if specific kinase in-
hibitor drugs for mutated BRAF become commonly avail-
able for therapeutic use.?” LH-MSA was able to detect
mutant alleles present at low proportions in the sampled
DNA. This might be a valuable feature of LH-MSA for
cases in which tumor cells are intermingled with varying
amounts of normal cells in available diagnostic samples.
Similar sensitivity in the detection of NRAS mutations at
low proportions was aiso achieved using the standard
UHG technology.'”-'®

Point mutations detectable with LH-MSA may not be
limited to the genes presently described. Adaptations of
LH-MSA to detect various point mutations of the Ras-
oncogene KRAS at codons G12 to G13 in various can-
cers may be pursued. Genotyping of single nucleotide
polymorphisms (SNPs) can also theoretically be
achieved by LH-MSA at any loci, and adaptation of LH-
MSA for various intragenic SNP loci is under investiga-
tion. LH-MSA could be incorporated in SNP analyses of
risks such as hypersensitivity to certain therapeutic
drugs®®2® and susceptibility to cancers.®°

LH-MSA is applicable to any unigue genomic se-
guences amplified with PCR. LH-G probes to detect point
mutations or {o genotype SNPs can be designed using a
simple hypothesis. Namely, a mismatched base at the
site adjacent to the loop in the loop-hybrid will induce a
shift in its mobility. Nucleotide lengths of the loop and the
positions of the loop relative to the mutational site can be
varied to attain optimal shifts of the loop-hybrid band in
the presence of the mutation. A faint secondary band that
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might confuse interpretation of the results may be virtually
gliminated using PAGE-purified LH-G probes. Mutational
changes occurring within the loops were detected by
LH-MSA as shown for the mutations in EGFR, A859T, and
L.861R. These instances indicated that there might be
some sensitive positions in the loop sequences such that
a single nuclectide change therein may affect ioop con-
formation and lead to a mobility shift of the loop-hybrid. In
the present study, PAGE was executed at room temper-
ature, and the influence of ambient temperature fluctua-
tion on the retarded mobility of loop-hybrid DNA during
electrophoresis appeared to be low. However, detection
of mutations within the loops by LH-MSA seemed to be
improved by lowering the temperature during electro-
phoresis (our preliminary observation).

To assess the reliability of LH-MSA for detecting mu-
tations in the DNA of fixed tumor tissues, DNA prepared
from fresh tumor tissues and from FFPE tissue sections
was compared. Identical results were obtained for the
deletion mutations in EGFR exon 19 of lung adenocarci-
noma (data not shown). However, a few discrepant re-
sults were observed for the point mutation of BRAF in
papillary thyroid carcinoma. In two cases, discrepancy
was attributed to the presence of two distinct lines of
differentiation in thyroid tumor development. The different
histopathological types of tumors and their association
with distinct mutations in the above two cases may indi-
cate the existence of tumors that were initiated by a
common cause but subsequently followed separate
courses of tumor development by the mutations of differ-
ent genes in RAS-RAF signaling pathway. Our detailed
analysis not only resolved the discrepancies but also
affirmed the tissue-type-specific associations of the
BRAF mutation to papillary’®~2' and the NRAS mutation
to follicular®®23 thyroid carcinoma. The results for the
unusual cases shown above clearly indicated that the
DNA derived from FFPE tissues, although low in quality
and quantity, could provide precise and important mo-
lecular data associated with histopathological diagnosis.

Single LH-bands for each of the mutant and normal
alleles were sharp and well separated, and therefore
seemed amenable to semiquantitative approaches such
as copy number estimation. Simplicity of LH-MSA may
allow instantaneous detection of mutations in comparison
to other mutation detection systems such as SSCP and
UHG, in which four bands derived from normal and mu-
tant strands are usually exhibited. Compared with dena-
turing high performance liquid chromatography, LH-MSA
showed a fourfold higher sensitivity in detection of the
L858R mutation in EGFR when serially mixed samples
were applied at a low concentration (our preliminary re-
sults). The simple LH-MSA detection system may enable
rapid and low-cost screening of hot spot mutations in
certain types of cancers and genotyping of SNPs in clin-
ical risk assessment. LH-MSA and silver staining of the
gel after PAGE may. facilitate genetic examinations in
minimal laboratory settings. Use of LH-MSA for genotyp-
ing analysis may not be limited to humans but might be
extended to any organism. Current genome-wide
searches for SNP loci associated with specific pheno-
types and for mutations responsible for hereditary dis-
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eases in humans and domestic animals may be greatly
facilitated by simple genotyping tools such as LH-MSA.
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Abstract

Massive lymph node metastasis of the para-aortic re-
gion and supraclavicular lymph nodes, Virchow’s lymph
node metastasis due to colon cancer, is extremely rare.
We herein report a case of such systemic lymph node
metastasis that was successfully treated with a combina-
tion of irinotecan (CPT-11) and UFT, a combination
drug of tegafur and uracil. The patient was a 57-year-old
woman who had a tumor in the ascending colon,
and massively swollen para-aortic and supraclavicular
lymph node metastasis. She was treated with combina-
tion chemotherapy of CPT-11 and UFT. The main tu-
mor was detected as a decompressed scar, and the
supraclavicular and para-aortic lymph nodes had com-
pletely disappeared after the second cycle of treatment.
A histopathological examination and immunohis-
tochemistry with cytokeratin showed complete remis-
sion of adenocarcinoma in the tumor and para-aortic
lymph nodes. She remains alive without recurrence
52 months after chemotherapy. Combination chemo-
therapy of CPT-11 and UFT may be of potential value
in the treatment of advanced colorectal carcinoma, and
both histopathological and immunohistochemical con-
firmation of a complete remission may indicate pro-
longed disease-free survival.

Key words Colon cancer - Advanced lymph node me-
tastasis - CPT-11/UFT - Immunohistochemistry - Com-
plete remission
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Introduction

In colorectal cancer, 5-fluorouracil (5-FU) has been
the mainstay of adjuvant treatment and treatment of
metastatic disease for many years.! Although efforts
to improve efficacy through schedule modification,
including prolonged infusions, have been made, its
efficacy has been limited. New agents with improved
efficacy, tolerability, and ease of administration are re-
quired. Among the newer drugs, irinotecan (CPT-11) is
becoming established as a first- and second-line treat-
ment for advanced disease.>* Its novel mechanisms of
action have proven to be of value in 5-FU-resistant
patients.

UFT is a combination drug of the prodrug tegafur
and uracil in a 1:4 molar ratio.’ Uracil is a reversible
inhibitor of the enzyme dihydropyrimidine dehydroge-
nase (DPD), which is responsible for the:catabolism of
5-FU. Combining these drugs would be anticipated to
increase the response rates while maintaining the ad-
vantages of a regimen based on an orally administered
fluoropyrimidine. Ohshiro et al. conducted a phase I
study of CPT-11 and UFT in patients with advanced or
metastatic gastrointestinal cancers, and demonstrated
its safety and potential efficacy.® The recommended
dose for a phase II study was CPT-11 150mg/m? bi-
weekly, and UFT 375mg/m? on days 3-7, 10-14, 17-21,
24-28 in 4-5 weeks. They demonstrated a response rate
of 42% in the 19 evaluable patients with only grade 3
adverse events of leukopenia or neutropenia.

At that time, leucovorin had not become commer-
cially available in Japan; therefore, we conducted a
phase II study of this regimen in patients with advanced
or metastatic colorectal cancer to find out its safety and
efficacy. We employed oral UFT-E instead of UFT cap-
sules. UFT-E, enteric-coated granules, was designed to
reduce gastrointestinal adverse events, and has been
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demonstrated to have a significantly lower incidence of
nausea and vomiting, while maintaining its activity.’

We herein report the case of a female patient with
highly advanced cancer of the right colon with multiple
para-aortic and supraclavicular lymph node metastases,
who was recruited to this phase II study and was suc-
cessfully treated with both CPT-11/UFT and surgical
intervention.

Case Report

A 57-year-old woman with a 2-month history of general
fatigue, abdominal discomfort, and left neck and arm
swelling was referred to Osaka University Hospital. On
physical examination, multiple tumors measuring up to
5cm in diameter were palpable in the left neck and
supraclavicular region. The serum carcinoembryonic
antigen (CEA) level was 23 ng/ml (normal range, <5 ng/
ml). All other laboratory findings were all within nor-
mal ranges.

Colonoscopy (Fig. 1A) showed type 3 advanced can-
cer in the ascending colon. A biopsy specimen showed
poorly differentiated adenocarcinoma (Fig. 1B). A neck
computed tomography (CT) scan revealed bulky swol-
len lymph nodes in the supraclavicular area, resulting in
a complete obstruction of the left internal jugular vein
and innominate vein (arrowhead, Fig. 2A). A bypassed
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flow around the tumors was detected as a subcutaneous
contrast media (arrows in Fig. 2A). An abdominal CT
scan also showed multiple lymph node swelling in the
para-aortic region (Fig. 2B). Metastasis of poorly differ-
entiated adenocarcinoma was diagnosed by fine-needle
aspiration cytology of a cervical swollen lymph node. As
the tumor was highly advanced, we planned to adminis-
ter systemic chemotherapy. After discussing the various
chemotherapeutic treatment options, the patient de-
cided to participate in an ongoing phase II study of our
institution, which is evaluating the toxicity and antitu-
mor efficacy of combined chemotherapy of CPT-11 and
UFT in patients with advanced colorectal cancer. She
was fully eligible for this phase II study and written
informed consent was obtained.

Treatment Schedules

According to the protocol, CPT-11 150 mg/m? was ad-
ministered over 90 min by intravenous infusion on days
1 and 15. UFT, 375mg/m? was orally administered on
days 3-7, 10-14, 17-21, and 24-28. One cycle of this
treatment was 35 days. The patient was treated with an
actual dose of 200mg of CPT-11 and 500mg of daily
UFT. She experienced grade 3 nausea and vomiting
during the first cycle of treatment, but not during the
second. She was taken off the study due to grade 4
neutropenia on day 25 of the second cycle.

Fig. 1A,B. Colonoscopic findings at first diagnosis and a rep-
resentative microscopic section of the biopsy (B H&E, x200).
Type 3 advanced carcinoma in the right colon. Preservation of
the luminal patency and no bleeding tendency were observed.
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Colonic mucosa with a diffuse infiltrate of PAS-positive tumor
cells and an enlarged nucleolus. Histopathological diagnosis:

poorly differentiated adenocarcinoma of the right colon



Y. Fujie et al.: Chemotherapy for Highly Advanced Colon Cancer 1135

Fig. 2. Neck and abdominal computed tomography scans at
first diagnosis (A, B), one cycle after chemotherapy (C, D),
and two cycles after chemotherapy (E, F). A Bulky swollen
lymph nodes in the left supraclavicular portion with a com-
plete obstruction of the left internal jugular vein (arrowhead)

Objective Response and Toxicities

The response was evaluated by CT after each cycle, and
after two cycles by endoscopy according to Response
Evaluation Criteria In Solid Tumors.® After one treat-
ment cycle, the supraclavicular lymph nodes had dis-
appeared (Fig. 2C), and they still disappeared after two
cycles of treatment (Fig. 2E). Para-aortic lymph nodes
were also undetectable after one (Fig. 2D) and two (Fig.
2F) cycles of treatment. Figure 3A shows the endo-
scopic findings, i.e., that the cancer of the right colon
was only a decompressed scar. Four biopsy specimens
were obtained and no residual tumor was found. The
serum CEA level was normalized after one cycle of
treatment (3ng/ml) and was only 1ng/ml after the sec-
ond cycle. Taken together, these parameters indicated
that a complete response was obtained.

Pharmacokinetic Parameters

On day 1 of the first cycle, the fluctuation of the level of
serum SN-38, an active metabolite of CPT-11, was fol-
lowed before administration, and at 0, 1, 2, 8, 12, and
24h after administration. On day 3 of the first cycle,
serum levels of 5-FU before, and at 1, 2, 4, and 8h after
UFT administration were also examined. Next, the
pharmacokinetic parameters, for example C,,, (ng/ml)
and AUC (ng/h/ml), were calculated. C,,, and AUC, ;5
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and a bypassed flow around the tumors (arrows). B Multiple
areas of lymph node swelling were also found in the para-
aortic region. C-F The swollen lymph nodes at both sites
decreased in size after chemotherapy

of SN-38 were 79.1 and 517, respectively. C,,. and
AUC; of 5-FU were 337 and 917, respectively.

Operation Findings

A resection of the right colon with an extended lym-
phadenectomy including of the para-aortic region was
planned in order to remove the primary region and to
make a pathological diagnosis. An upper abdominal
incision was made to enter the abdomen. No evidence
of ascites, liver metastasis, peritoneal dissemination, or
regional lymph node swelling was detected. The pri-
mary tumor region was detected because of the scar-like
serosal change; however, the tumor was not detected by
palpation. A para-aortic lymph node dissection was per-
formed at levels between the diaphragm and aortic
bifurcation. Because tissues containing para-aortic
Iymph nodes strongly adhered to the aorta and inferior
vena cava, a sharp dissection was performed to remove
these tissues. End-to-side iliocolic anastomosis was
done for reconstruction.

Pathological Findings

In the resected specimen, the primary region was
detected only as a decompressed scar (Fig. 3B). A
histopathological examination of the resected primary
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Fig. 3. A Colonoscopic findings two cycles after chemo-
therapy. B A macroscopic photograph of the resected speci-
men. The primary region was reduced to only a scar. C-E
Representative sections of the resected specimen with H&E.
C The whole appearance of the primary lesion (x12.5). The
muscularis propria layer is torn, presumably by the cancer cell

region and para-aortic lymph nodes showed no viable
cancer cells (Fig. 3C-E). Four consecutive slices of 4-
pm thick sections were made from the primary tumor
and all resected lymph nodes, and were subjected im-
munohistochemistry. Immunostaining was performed
on the TechMate Horizon automated staining system
(DAKO, Glostrup, Denmark), as described previously.?
Briefly, after blocking with bovine serum albumin, the
sections were incubated with pancytokeratin mono-
clonal antibody AE1/AE3 (DAKO, Carpinteria, CA,
USA), which has been previously used for the detection
of micrometastases.!®!! This monoclonal antibody has
the broadest spectrum of keratin reactivity among hu-
man epidermal keratins, and it produces positive stain-
ing in virtually all cancer cells arising from the human
epithelium. They were then incubated with antimouse
secondary antibody conjugated with dextran polylinker
(EnVision plus; DAKO). A histological examination of
biopsy specimen before chemotherapy showed positive
staining with the cytokeratin antibody. However, posi-
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invasion, and this area is covered by a normal mucosa. D,E
Strong magnification (x200) of D the primary lesion and E one
of the para-aortic lymph nodes. Diffuse fibrosis and aggrega-
tion of foam cells were observed. No viable cancer cells were -
detected

tively stained cells were detected neither in a biopsy
specimen before operation nor in the resected tumor by
immunohistochemistry with cytokeratin antibody, and a
histological complete remission was thus confirmed.

Postoperative Course

Because of ptosis of the stomach and paralysis of the
duodenum, oral intake was insufficient for 1 month.
However, it recovered thereafter and postoperative
chemotherapy using CPT-11 and UFT was started 10
weeks after operation with dose modification. The pa-
tient received 150mg/body CPT-11 and 300mg/body/
day UFT. After two cycles of treatment, she had a
bowel obstruction, which required surgical intervention.
After surgery she was followed up without any chemo-
therapy. The serum CEA level remained within the
normal range and no tumor recurrence has been de-
tected on either abdominal or neck CT. She remains
alive without recurrence at 49 months after surgery.
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Discussion

In colorectal carcinoma, up to 20% of all patients
present with stage IV disease at initial diagnosis.’>-14
Liver, lung, and peritoneum are the most frequently
observed metastatic sites. In 89 patients in the series of
Scoggins et al,, sites of metastasis were liver 85% (76/
89), lung only 4% (4/89), and peritoneum 10% (9/89).13
In other series of a total of 144 stage IV colorectal
cancers, no case with massive lymph node metastasis
was documented.!*!5 Case reports of colorectal cancer
with massive lymph node metastasis including supra-
clavicular lymph nodes at first diagnosis are found in
Japan, but the true incidence of such cases is unclear.16-?
The prognosis of patients with stage IV colorectal carci-
noma remains poor, with the median survival just 9-10.3
months,*?*2 and decision-making in such advanced
cases is extremely difficult. Cases in which there is bowel
obstruction or bleeding due to tumor progression may
need aresection of the primary region.!'2 A resection of
primary and liver metastasis is recommended as long as
hepatic metastasis occupies less than 50% of liver vol-
ume, although postoperative mortality and morbidity
are relatively high.131820 However, decision-making in
the treatment of systemic lymph node metastasis has not
been fully described. Adjuvant chemotherapy following
a resection of the primary tumor was performed in
all case reports in Japan,'*" because of either bowel
obstruction or no available effective regimen for
neoadjuvant chemotherapy. As the prognosis of these
patients was poor, another treatment strategy is neces-
sary for patients without bowel obstruction, which re-
quires surgical intervention. With the advent of active
agents such as irinotecan and oxaliplatin 2623 we can
anticipate different strategies for those intractable cases,
i.e., down-staging by chemotherapy followed by surgical

_intervention. The achievement of down-staging may not
only reduce operative complications but also increase
the number of curatively resected cases. Because the
patency of the right colon was well preserved and severe
bleeding tendency was not observed under observation
by colonoscopy, we thus planned to start chemotherapy
on this patient.

The treatment regimen includes CPT-11 (150 mg/m?),
given as a 90-min intravenous infusion on days 1 and 15,
followed by twice-daily UFT (500mg) on days 3-7, 10—
14, 17-21, and 24-28. The cycles are repeated every
35 days for two cycles. In this patient, grade 3
nonhematological toxicity (appetite loss) was noted in
the first cycle and grade 4 neutropenia in the second
cycle, which resulted in the cessation of UFT on day 24.
Cp.x and AUC of SN-38 (CPT-11, 150 mg/m? adminis-
tration) were previously reported as 3142 (ng/ml) and
197-354 (ng/h/ml), respectively.?*?* In comparison to
these data, the C_,, (79.1) and AUC (517) of SN-38 in
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our patient were very high. The C,,, (337) and AUC,,
(917) of 5-FU after oral administration of UFT were
also high in comparison to the findings of previous study
(Cpux: 245ng/ml and AUC, ;: 223 ng/h/ml).5 These re-
sults suggest that our patient was exposed to a sufficient
chemotherapeutic agent, which led to a complete remis-
sion and grade 4 hematological toxicity. This patient

“had a bowel obstruction after two courses of postopera-

tive chemotherapy. We still do not know the direct
relationship between CPT-11 and bowel obstruction;
however, CPT-11-induced colitis has been reported,
which may enhance postoperative bowel adhesion.2 We
thus need to pay attention to this complication.

Continuing chemotherapy without surgical interven-
tion might be another treatment option. Because only
2%-3% of patients have a complete response,?” and
tumor relapse after complete remission is frequently
observed,® we carried out surgery for the purpose of
histological diagnosis and cure. The confirmation of a
histological complete remission with hematoxylin and
eosin staining and immunohistochemistry meant that
we abandoned the planned mediastinal and neck lymph
node dissection. A further follow-up is definitely
needed in this patient, because patients with a complete
response have a long median overall survival, which is
as long as 30 months.?

In summary, we herein reported a case of highly ad-
vanced massive lymph node metastasis from cancer of
the right colon, which was successfully treated with
combination chemotherapy and surgical intervention.
Although a careful follow-up of this patient is obliga-
tory, a complete pathological response was demon-
strated. Combination chemotherapy of CPT-11 and
UFT is thus considered to be of potential value in the
treatment for advanced colorectal carcinoma.
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Abstract The aim of the study was to evaluate the use-
fulness of serial ung perfusion scintigraphy prospectively
using single-photon emission computed tomographic image
(SPECT) in screening for pulmonary embolism (PE) after
elective surgery for gastrointestinal malignancy. PE was ex-
amined pre- and postoperatively with SPECT. Diagnosis of
PE was based on segmental perfusion defect visualization
‘in at least two of three planes on a SPECT image com-
pared with preoperative SPECT images. Final diagnosis was
determined by detection of embolus with multidetector he-
lical CT (MDCT). No perioperative anticoagulant was used.
Thirty-four patients were enrolled. One patient was excluded
because of thrombophilia. In preoperative scans, nonseg-

T. Hata - M. Ikeda () - R. Suzuki - M. Yasui - 1. Takemasa -
H. Yamamoto - M. Sekimoto - M. Monden

Department of Surgery, Department of Surgery (E2), Graduate
School of Medicine, Osaka University,

2-2 Yamadaoka, Suita, Osaka 565-0871, Japan

e-mail: mikeda@surg2.med.osaka-u.ac.jp

S. Nakamori - M. Tkenaga
Department of Surgery, Osaka National Hospital,
Osaka, Japan

T. Kim - T. Murakami

Department of Radiology, Graduate School of Medicine,
Osaka University,

Osaka, Japan

M. Ohue

Department of Surgery, Osaka Medical Center for Cancer and
Cardiovascular Diseases,

Osaka, Japan

M. Sakon
Department of Surgery, Nishinomiya Municipal Hospital,
Hyogo, Japan

170

mental defects were detected in 11 and a segmental defect
in 1 patient, who was then diagnosed as PE preoperatively.
Among 21 patients with normal preoperative SPECT, 2 had
nonsegmental and 5 had segmental defects postoperatively.
Among 11 patients with nonsegmental preoperative SPECT,
7 had nonsegmental and 4 had segmental defects postop-
eratively. Postoperative segmental defects were differenti-
ated by their shape only and there was no need to compare
pre~ and postoperative SPECT. MDCT confirmed four pa-
tients with PE among nine with segmental defects postoper-
atively. Our results of screening for PE by visualization at
least two planes of SPECT images suggest that postopera-
tive SPECT scan is suitable for the diagnosis of postoperative
PE.

Keywords Pulmonary embolism - Single-photon emission
computed tomographic image (SPECT) - D-dimer -
Gastrointestinal cancer

Introduction

Pulmonary embolism (PE) is a major postoperative compli-
cation after surgery for malignancy [1, 2]. The incidence of
clinically symptomatic PE without prophylaxis after surgery
for gastrointestinal malignancy is estimated at about 4.0%
to 10.0% according to the Guideline of Sixth American Col-
lege of Chest Physicians Consensus [3]. It is therefore es-
sential to establish early and accurate diagnosis in patients
with suspected PE. However, the diagnosis of PE is some-
times difficult because the clinical symptoms are nonspe-
cific and limitations of the available objective tests. Lung
ventilation/perfusion (V/Q) scan is recommended by the
American Thoracic Society [4] and the European Society of
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Cardiology [5] as the first-line examination, if there is a clin-
ical suspicion of PE. Lung V/Q scan is sensitive, but was
long believed not to be specific enough to establish the di-
agnosis of PE. This opinion was based on the correlative
findings with pulmonary angiography, which was once re-
garded as the gold standard in the detection of PE. Today no
gold standard in the diagnosis of PE is clinically available
[6] and the sensitivity of pulmonary angiography is obvi-
ously at the magnitude of only 70% [7], which is too low
for clinical use. The Prospective Investigation of Pulmonary
Embolism Diagnosis (PIOPED) criteria, obtained by com-
parison with pulmonary angiography [8], have been used
for the diagnostic reading of V/Q scans. However, by these
criteria [9, 10], only high-probability and normal or very
low-probability scans are diagnostic, and considerable num-
bers of patients (73%) fall within nondiagnostic categories
that are intermediate- and low-probability scans. Combining
well-characterized clinical estimates of PE with independent
interpretation of perfusion lung scan alone, the Prospective
Investigative Study of Acute Pulmonary Embolism Diagno-
sis (PISA-PED) study group could limit patients who require
further angiographic evaluation [11]. They concluded that
accurate diagnosis of PE is possible by perfusion scanning
alone, without ventilation imaging. However, by doing this,
the sensitivity of perfusion scanning is artificially reduced in
order to approach that of pulmonary angiography. Nonseg-
mental perfusion defects representing PE may be missed by
this, and this problem may be overcome by comparison of
pre- and postoperative scans.

Inrecent years, perfusion lung scan with the single-photon
emission computed tomographic (SPECT) technique has
been introduced, and its usefulness over the conventional pla-
nar perfusion scan has been demonstrated [12, 13]. SPECT
has a higher spatial resolution so it can detect abnormalities,
particularly on the subsegmental level [12] and in the lung
bases, where the segments are tightly packed [14]. On the
other hand, it may also detect preexisting pulmonary abnor-
malities because of its good spatial distribution, which could
weaken the usefulness of SPECT. Palla et al. [15] reported
lung SPECT had high sensitivity, but had low specificity, be-
cause it detects defects that have no angiographic correlates
when at least one plane segmental defect was considered PE.
Since several studies have demonstrated the usefulness of
serial planar scintigraphy for the screening of postoperative
PE by direct comparison of pre- and postoperative images
[16, 171, we hypothesized that postoperative PE could be
diagnosed more precisely with the use of SPECT pre- and
postoperatively.

In this study, we prospectively investigated the useful-
ness of serial examination of lung SPECT for the de-
tection of PE after elective gastrointestinal malignancy

surgery.
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Patients and methods
Study design

This was a prospective study involving patients who were
elected to undergo surgery for sigmoid colon cancer, rectal
cancer, or pancreatic cancer. Patients were eligible for the
study if they were 20 years or older, had normal laboratory
findings for thrombophilia, and gave written informed con-
sent, Patients were excluded if they had accompanying dis-
ease, such as acute myocardial infarction, chronic obstructive
pulmonary disease, and stoke, and had a history of venous
thromboembolism and anticoagulant therapy. Another rea-
son for noninclusion was the attending doctor’s decision on
unsuitability for the study. The study was approved by the
Ethics Committee of Osaka University. Recruitment of pa-
tients began in August 2001 and ended in December 2002.
Patients underwent preoperative evaluation of PE with lung
perfusion SPECT (baseline data) and chest x-ray (baseline
data). Arterial blood gases and laboratory tests (complete
blood count, D-dimer, and thrombin-antithrombin com-~
plexes [TAT]) were also performed preoperatively. Thrombo-
sis prophylaxis was performed with both mechanical pneu-
matic compression and graduated compression stockings for
lower extremities until patients were ambulatory, but no
perioperative anticoagulants were administered. Signs and
symptoms of deep venous thrombosis (DVT) and PE were
recorded postoperatively. Chest x-ray, arterial blood gas, and
laboratory tests were also serially performed postoperatively
and lung perfusion SPECT was carried out 7-9 days after the
operation. Figure 1 shows a flowchart of the study protocol.

Diagnostic methods

All perfusion lung SPECT studies were performed with an
LEHR paraliel-hole collimator (GCA-9300 A/HG; Toshiba).
The isotope modeled was *>™Tc-macroaggregated albumin
(MAA), 185 MBq, administered intravenously with the pa-
tients in the supine position. All images were acquired with
a triple-detector scintillation camera. A 360° SPECT acqui-
sition of the ventilation scan was performed using a 128 x
128 matrix. A 120° rotation per head was done in 20 steps of
20 sec each (total acquisition time, 400 sec). Images were 1e-
constructed by filtered back-projection using a Butterworth
filter (cutoff frequency, 0.2; order, 8). No attenuation correc-
tion was applied. The effective dose for SPECT is 2.2 mSv.
Images were formatted 9.6 mm thick for transverse, coro-
nal, and sagittal views. Each preoperative and postoperative
SPECT study was interpreted by at least two doctors at the
time of completion of the scanning. Every perfusion de-
fect was classified as segmental or nonsegmental according
to its appearance in pre- and postoperative SPECT images.
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34 patients eligible and
with consent

v

Preoperative SPECT (base
line scan) and screening for
thrombophilia (n=34)

v

Total 32 patients met the
criteria

Postoperative SPECT (follow-up scan)
at days 5 — 13 postoperatively.

1 with low protein C, and 1
with PE

N

v

PIOPED high, intermediate, PIOPED very low and normal
and low (n= 9)* (n=23)
MDCT
(b=8)
A 4
Positive Negative Follow up
(n=4) (n=4) No anticoagulation
l Anticoagulation

Fig. 1 Flowchart of the study protocol. *Postoperative SPECT was
evaluated according to the PIOPED criteria in comparison with baseline
scan

The segmental appearance was defined as a wedge-shaped
morphology, with the sharp angle oriented toward the corre-
sponding segmental artery. A nonanatomical defect, which
did not correspond to a specific segment, was defined as non-
segmental. Because the diagnostic criteria of SPECT for PE
have never been properly validated, we followed the criteria
used by Touya et al. [18], i.e., segmental visualization in
at least two of three planes on a SPECT imaging was con-
sidered to be evidence of PE. Defect areas were classified
according to the size of defects, i.e., small defects (<25% of
a segment), moderate defects (25%—75% of a segment), and
large defects (>75% of a segment). When defect numbers
and areas of postoperative SPECT were >4 small defects,
> 1 segmental small defects, 1 moderate to <2 large defects,
1 large defect and > 2 moderate defects, or > 2 large de-
fects, four-slice multidetector helical computed tomography
(MDCT) with contrast medium (2.5 mm thick) was carried
out. MDCT was performed within 48 hr of SPECT evalua-
tion and analyzed during the course of clinical workup by one
experienced radiologist and two surgeons. The usefulness of
serial SPECT was assessed by comparison of baseline image
and postoperative image.

CT images were obtained with a helical scanner (GE
Medical Systems, Milwaukee, WI). A total of 50 m} of the
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nonionic contrast agent iopromide containing 300 mg iodine
per milliliter was administered with a power injector at an
injection rate of 5.0 ml/sec. Helical CT scanning was per-
formed with 2.5-mm collimation, 7.5-mm table increment
per gantry ratation (HQ mode), a tube voltage of 120 kV,
and a tube current of 200 mA, and was started 6 sec af-
ter initiation of injection of the contrast material to achieve
adequate enhancemet in the pulmonary arteries during the
course of scanning. With the condition of 20-cm scan for
coverage of the pulmonary artery, the weighted CT dose
index (CTDIw) and volume CT dose index (CTDIVolume)
were 16.2 and 21.6 mGy, respectively. The effective dose
was 8.6 mSv. Transaxial images were reconstructed at 1.25-
mm increments (2.5-mm slice thickness) on a 512 x 512
matrix. A window width of 350 HV and center of 35 HV
were chosen for all images.

Statistical analysis

Data were processed and analyzed by StatView 5.0 (SAS
institute Inc., Cary, NC). Statistical analysis was performed
with unpaired #-test. P values of < 0.05 were considered
statistically significant.

Results
Baseline SPECT

The study subjects were 34 patients and included 8 patients
with pancreatic cancer, 18 with rectal cancer, 7 with sigmoid
colon cancer, and 1 patient with transverse colon cancer who
had been diagnosed preoperatively as sigmoid colon cancer.
Laboratory tests showed a low level of protein C (52%) in
one patient, who was subsequently excluded from the study
(Fig. 1). Baseline SPECT scan showed 16 defects in 12
patients (36%) (Table 1). One patient had two nonsegmental
defects and one segmental defect (Fig. 2 and Table 1). As
two planes of this defect showed a large segmental defect,
this patient was suspected for PE, and MDCT was performed.
Although MDCT failed to show an embolus in the pulmonary
artery, thrombus in the left popliteal vein was detected. He

Table 1  Number of defects detected in pre- and postoperative lung
SPECT

Preoperative scan Postoperative scan
Defects (n=33) (n=32)
Nonsegmental 13 (2 19117t
Segmental o) 14 [0]
Total 13(3) 33

“Number of defects detected in patients with preoperative pulmonary
embolism in parentheses.

"Number of defects detected in the preoperative scan in brackets.
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Fig. 2 Baseline SPECT (A—C) and posttreatment SPECT (D-F) in
a patient with preoperative pulmonary embolism. Defects are marked
by arrows. SPECT, single-photon emission computed tomography; R,
right; L, left; A, anterior; P, posterior

was excluded from the study and anticoagulant therapy was
initiated. No abnormal defect was found on SPECT after
2 weeks of anticoagulation (Fig. 2). The detailed clinical
course of this patient was reported [19]. The other 13 defects
in 11 patients were all nonsegmental (Table 1); 2 patients
had two nonsegmental defects and the other 9 patients had
one nonsegmental defect. There was no abnormal finding in
preoperative chest x-ray in relation to these 13 nonsegmental
defects.

During preoperative evaluation, 2 patients were excluded
from the study, resulting in 32 patients who met the selection
criteria (Fig. 1). Table 2 reports the details of the clinical
characteristics of the 32 patients.

Postoperative SPECT

A total of 32 patients underwent postoperative SPECT. We
performed SPECT on postoperative day 2 in one patient
because of dyspnea, which was highly suspicious for PE.
For the other patients, SPECT was performed between post-
operative days 5 and 13 (median, day 6). We found 33
defects in 18 patients in postoperative SPECT images; 19
defects were nonsegmental and 14 defects were segmental
(Table 3). Nine patients had nonsegmental defects only (to-
tal number of defects, 11), and nine patients had segmental
defects. Five of the nine patients with segmental defects also
had nonsegmental defects (total number of defects, eight).
None of the segmental defects was due to lung parenchymal
changes such as bulla, pleural effusion, and atelectasis as
confirmed by CT or chest x-ray. Two of nine patients with
two or more large defects had clinical symptoms of dyspnea
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Table2 Patient characteristics

Mean age (SD), yr 60(9.4)
Male:female 19:13
Disease
Transverse colon cancer 1
Sigmoid colon cancer
Rectal cancer 18
Pancreatic cancer 6
Operative procedure
Sigmoidectomy 5
Anterior resection 1
Low anterior resection 13
Abdominoperineal resection 3
Total pelvic exoneration 3
Transverse coloctomy 1
Distal pancreatectomy 3
Pancreaticoduodenectomy 2
Exploratory laparotomy 1
Operation time (min), mean (SD) 350 (221)

Blood loss (g), mean (SD) 1231 (1563)

or chest pain and underwent MDCT, which detected an em-
bolus in the pulmonary artery in each case. One of these two
patients was also found to have DVT in the popliteal vein.
Six of the other seven patients underwent MDCT in search
of emboli, and an embolus was detected in the pulmonary
artery in each of two patients, one of whom had a thrombus
in the soleus vein. One patient had a thrombus in the femoral
vein only, and no thrombus was detected in the pulmonary
artery.

Anticoagulant therapy consisting of intravenous heparin
followed by warfarin was initiated in all five patients with
PE or DVT. The other four patients were followed up con-
servatively without any anticoagulant therapy and showed
an uneventful recovery. Exemplary cases of patients with
confirmed PE are shown in Fig. 3 and those with only seg-
mental defects are shown in Fig. 4. A new segmental de-
fect not present on the baseline scan was detected in each
of the five patients, but a definite diagnosis of PE was not
made by MDCT. These were not attributable to infiltrate,
pleural effusion, or atelectasis in vascular congestion on
the chest x-ray and MDCT and were strongly suggestive
of PE.

Comparison of baseline and postoperative SPECT

Comparison of baseline and postoperative images showed
that 11 of 13 nonsegmental defects detected preoperatively
were also detected as nonsegmental defects in the postop-
erative SPECT (Table 1). The other two defects were not
detected postoperatively. In contrast, 11 of 19 postopera-
tive nonsegmental defects had been detected on the baseline
images, and the other 8 were new. All 14 segmental de-
fects were newly detected on postoperative SPECT (Table 1).





