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Fig. 1. Antibody blocking (A) and determination of NY-ESO-1 minimal epitopes ((B) and (C)) recognized by E-2 CD4 T-cell clones Mz-1B7 and Ue-21.In (A), CD4 T-cell clones
(5 x 10%) were stimulated for 18 h with autologous EBV-B cells (5 x 10%) in the presence of NY-ESO-1 121-138 (VLLKEFTVSGNILTIRLT) peptide (100 nM), and anti-HLA-DR or
anti-HLA-DQ mAb (5 wg/ml) in the culture. IFNv in the culture supernatants was determined by ELISA. In B and C, CD4 T-cell clones (5 x 10%) were stimulated for 18 h with
autologous EBV-B cells (5 x 103) in the presence of truncated NY-ESO-1 121-138 peptides (100 nM). The core peptide region and each minimal epitopes recognized by CD4
T-cell clones are shown in gray boxes. IFN7y in the culture supernatants was determined by ELISA.

closely related, but different, minimal NY-ESO-1 peptides in restric-
tion to the same DRB1%08:03. Recognition of closely related, but
different, peptides by these CD4 T-cell clones was further con-
firmed with responses to other peptides. Peptide 122-135 was
recognized by Ue-21, but not Mz-1B7. On the other hand, peptide
125-135 and peptide 126-135 were recognized by Mz-1B7, but not
Ue-21.

3.2. Differential recognition by clone Mz-1B7 and clone Ue-21 of
the longer peptide 122-135, including minimal epitopes
recognized by either clone

To confirm that the longer peptide 122-135 was recognized by
only clone Ue-21, but not clone Mz-1B7, irrespective of includ-
ing epitopes recognized by either clone, an IFN<y capture assay
together with ELISA was performed examining IFNy in the same
culture stimulated with peptide 122-135 and five other related

peptides using autologous EBV-B cells as APC as above. As shown
in Fig. 2A, a response of clone Mz-1B7 was observed against the
peptides 123-135, 124-135, 122-134, 123-134 and 124-134, but
not 122-135 in either the IFNy capture assay or ELISA. No response
against peptide 122~135 was observed up to a peptide concentra-
tion of 100nM in ELISA. On the other hand, a response of clone
Ue-21 was observed against all of the peptides used. These results
were consistent with the results shown in Fig. 1.

3.3. Tetramer binding

We produced tetramers using the longer peptide 122-135,
and five other related peptides 123-135, 124-135, 122-134,
123-134 and 124-134. The DR molecule was constructed by
combining the DRA*01:01 and DRB1*08:03 chains that fused
the leucine zipper motif at the C-terminal ends [8]. In the
DRA locus, seven alleles DRA*01:01:01:01, DRA*01:01:01:02,
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Fig. 2. Discrepancy between peptide recognition (A) and tetramer binding (B) in E-2 CD4 T-cell clones Mz-1B7 and Ue-21. In A top, CD4 T-cell clones (1 x 10*) were stimulated
for 4 h with the indicated peptides (1 uwM) using autologous EBV-B cells (1 x 10%) as APC. IFN-y-secreting CD4 T-cells were determined by an IFNvy capture assay using FACS
Canto I. In A bottom, CD4 T-cell clones (5 x 10%) were stimulated for 18 h with autologous EBV-B cells (5 x 10%) pre-pulsed for 30 min with the indicated peptides (100 nM)
(left) or with graded concentrations (6.25, 25 or 100 nM) of the indicated peptides (right). IFNvy in the culture supernatant was determined by ELISA. In B top, CD4 T-cell
clones were stained with the indicated peptide/HLA-DRB1*08:03 tetramers (5 pg/ml) at 37°C for 1 h followed by staining with an anti-CD4 mAb, and analyzed using FACS
Canto I1. In B bottom, CD4 T-cell clones (5 x 10%) were stimulated for 18 h with the indicated peptide/HLA-DRB1*08:03 tetramers coated on wells in microculture plates. [FNy
in the culture supernatant was determined by ELISA. The peptides that show a discrepancy between recognition (A) and tetramer binding (B) are marked by *.

DRA*01:01:01:03, DRA*01:01:02, DRA*01:02:01, DRA*01:02:02
and DRA*01:02:03 have been identified. These alleles differ only at
amino acid 217 in the cytoplasmic domain, which is included in the
region replaced by a leucin zipper motif from amino acid residue
152 in the a2 domain. Therefore, any DRA allele can be used for
tetramer production.

With these six peptide/DR tetramers, we examined binding to
clones Mz-1B7 and Ue-21. As shown in Fig. 2B, to clone Mz-1B7,
binding of tetramers with peptide 122-135, 123-135, 124-135,
122-134 and 123-134, but not 124-134, was observed. The pep-
tide 122-135 including the minimal epitope 125-134 was not
recognized by Mz-1B7, but a tetramer constructed using the same
peptide bound to Mz-1B7. Furthermore, peptide 124-134 that also
included the minimal epitope 125-134 was recognized by Mz-1B7,
but a tetramer constructed using the same peptide did not bind to
the same clone.

On the other hand, to clone Ue-21, weak binding of tetramers
with peptides 122-135, 123-135 and 124-135, but only marginal
binding of tetramers with 122-134, 123-134 or 124-134, was
observed. The peptides 122-134 and 123-134, including the
minimal epitope 124-134 and the peptide124-134 itself, were

recognized by Ue-21, but the tetramers constructed using the same
peptides bound to the same clone only marginally. IFN-y produc-
tion by CD4 T-cell clones in stimulation with the tetramers was
consistent with tetramer binding (Fig. 2B bottom).

We further examined the only marginal binding of a tetramer
constructed using the peptide 124-134 to Mz-1B7 and Ue-21 under
different culture conditions. As shown in Fig. 3A and B, efficient
binding of the tetramer constructed using the peptide 123-135
to clone Mz-1B7 was observed at 25-37°C after incubation for
10-120 min. However, only marginal binding was observed with
the tetramer constructed using the peptide 124-134, even at 37°C
after incubation for 120 min. Only marginal binding of the tetramer
with the peptide 124-134 to Mz-1B7 or Ue-21 was observed up to
a concentration of 10 pg/ml (Fig. 3C and D).

3.4. Expression of CD4 and TCR on CD4 T-cell clones

Expression of CD4, CD3 and TCRaf3 was analyzed by FACS.
As shown in Fig. 4A, expression of CD4 was observed similarly
on clones Mz-1B7 and Ue-21. On the other hand, expression of
CD3 and TCRaf was observed on Ue-21 strongly, but on Mz-1B7
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Fig. 3. Effect of temperature, incubation time and dose in tetramer staining. In (A) and (B), the E-2 CD4 T-cell clone Mz-1B7 was stained with NY-ESO-1 123-135 (LKEFTVSG-
NILTI) or NY-ESO-1 124-134 (KEFTVSGNILT) peptide/HLA-DRB1*08:03 tetramers (5 pg/ml) at 4, 25 or 37 °C for 10, 30, 60 or 120 min followed by staining with anti-CD4 mAb.
In Cand D, E-2 CD4 T-cell clones Mz-1B7 and Ue-21 were stained with NY-ESO-1 123-135 (LKEFTVSGNILTI) or NY-ESO-1 124-134 (KEFTVSGNILT) peptide/HLA-DRB1*08:03
tetramers (0.5, 1, 5 or 10 wg/ml) at 37°C for 1 h followed by staining with an anti-CD4 mAb. Analysis was done using FACS Canto I Dot plots (A and C) and the mean
fluorescence intensity (MFI) (B and D) of tetramer staining are shown.
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Fig. 4. Surface expression of the molecules on CD4 T-cell clones (A) and analysis of CDR3 sequences (B). In A, CD4 T-cell clones Mz-1B7 and Ue-21 stained with anti-CD4,
CD3 and TCRa3 mAD were analyzed using FACS Canto Il. In B, the nucleotide sequence and deduced amino acid sequences of the V-D-J junctional region of TCR 3 chain from

the E-2 CD4 T-cell clones are shown.
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Fig. 5. Immunomonitoring of CD4 T-cell responses by the tetramer in cancer patients immunized with NY-ESO-1. CD4 T-cells from prostate cancer patient P-3 (A) and
esophageal cancer patient E-1 (B) who were immunized with CHP-NY-ESO-1, and a lung cancer patient TK-OLP-01 (C) who was immunized with NY-ESO-1 OLP were stained
ex vivo with the NY-ESO-1 123-135/HLA-DRB1*08:03 tetramer or a control NY-ESO-1 87-100/HLA-DRB1*09:01 tetramer (5 pg/ml) at 37°C for 1 h followed by staining with
an anti-CD4 mAb. In D, TK-OLP0O1 CD4 T-cells after in vitro stimulation twice were stained with the NY-ESO-1 123~135/HLA-DRB1*08:03 tetramer or a control NY-ESO-1
87-100/HLA-DRB1*09:01 tetramer and anti-CD154 mAb at 37 °C for 2 h followed by staining with an anti-CD4 mAb. The histogram shows CD154 expression on NY-ESO-1
123-135/DRB1*08:03 tetramer-positive (open) and negative {filled) CD4 T-cells. CD4 T-cells from two HDs were stained with tetramers as a negative control (E). HD1 and
HD2 are DRB1*08:03-positive and -negative individuals, respectively. Analysis was done using FACS Canto Il.

moderately. As shown in Fig. 4B, analysis of CDR3 sequences
revealed that clone Mz-1B7 utilizes the VB13.6, SPLPQAGNEQ
sequence for CDR3 and J{32.1. On the other hand, clone Ue-21 util-
izes the V32, ARGDGNTGEL sequence for CDR3 and J32.2.

By cloning bulk CD4 T-cells from the E-2 patient, we obtained
58 DRB1*08:03-restricted clones. Within these, 5 clones utilized
VR13.6 and 53 clones VB2. 5 clones with V(313.6 and 6 clones
with VB2 were sequenced for CDR3. A combination of the same
CDR3 sequence and ]JB was utilized by clones with each Vj3,
respectively.

3.5. Monitoring of CD4 T-cell response by a tetramer constructed
using the peptide 123-135 in cancer patients immunized with
NY-ESO-1

Tetramers constructed using the peptide 123-135 (NY-ESO-1
123-135/DRB1*08:03) were used to monitor CD4 T-cell responses
in DRB1*08:03-expressing cancer patients immunized with CHP-
NY-ESO-1, or a mixture of NY-ESO-1 OLPs (NY-ESO-1 79-108,
100-129, 121-150 and 142-173) with Picibanil and Montanide.
As shown in Fig. 5, the tetramer detected positive cells ex vivo in
CD4 T-cells from PBMCs of a prostate cancer patient (P-3) (Fig. 5A)
and an esophageal cancer patient (E-1) (Fig. 5B) who expressed
DRB1*08:03 after immunization with CHP-NY-ESO-1. The tetramer
also detected positive cells in CD4 T-cells from PBMCs of a lung
cancer patient (TK-OLP-01) immunized with NY-ESO-1 OLP ex
vivo (Fig. 5C) and after in vitro stimulation (Fig. 5D). Predominant
detection of tetramer NY-ESO-1 123-135/DRB1*08:03-positive

cells was observed after in vitro stimulation. Induction of CD154
(CD40L) expression on tetramer-positive cells was examined.
At 9 and 11 weeks (3 and 4 vaccinations) after immunization,
CD154 (CD40L)-positive cells were detected in tetramer NY-ESO-1
123-135/DRB1*08:03-positive, but not negative, cells suggesting
their activation. No tetramer-positive cells were detected in CD4
T-cells from DRB1*08:03-positive or negative healthy donors (HD)
(Fig. 5E). No clonal analysis of CD4 T-cells was possible because
PBMCs from these patients were not available for further study.

4. Discussion

In this study, we demonstrated that HLA class II tetramers pro-
duced using minimal epitope peptides efficiently recognized by
CD4 T-cell clones did not bind to cognate CD4 T-cell clones. Fur-
thermore, we showed that a tetramer produced using a peptide
which included the epitope sequence, but was not recognized by
the cognate CD4 T-cell clone, could bind to the same CD4 T-cell
clone.

It has long been observed that production of HLA class II
tetramers is extremely difficult when compared to the production
of MHC class I tetramers [5,6]. HLA class Il tetramers produced using
minimal epitope peptides and HLA class II molecules dimerized
by a leucine zipper motif incorporated in the molecule generally
failed to bind cognate CD4 T-cell clones. There have been only a
few reports of successful binding of MHC class Il tetramers to CD4 T-
cells in which long peptides which were recognized by those T-cells
were used for tetramer production [9-11].
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The reason for the difficulty in producing MHC class Il tetramers
has generally been considered to be due to inappropriate accom-
modation of the peptide in the groove of the MHC class Il molecule,
resulting in unnatural conformation. One of the constraints for
MHC class II tetramer production is derived from the ambiguity
of determining epitopes for CD4 T-cells. Peptides with the addition
of various lengths of N- and C-terminal ends to the minimal core
sequence are recognized by CD4 T-cells. Moreover, it is difficult to
determine whether the minimal peptide is a naturally presenting
epitope or not [18,19]. Lack of accurate information about natu-
ral HLA class II epitopes appears to be one of the reasons for the
difficulty in HLA class II tetramer production.

Moreover, low binding affinity/avidity of the peptide to MHC
class II molecules may also be involved. In this study, we con-
firmed successful tetramer production with differential retention
time by HPLC. For example, the prolongation of the retention
time was 0.554min with the addition of the 12-mer NY-ESO-1
123-134 peptide (LKEFTVSGNILT) to the DRB1*08:03 monomer,
but was 0.039min with the addition of a negative control pep-
tide to DRB1%08:03. The prolongation of the retention time was
0.246 min with the positive control 15-mer CLIP peptide (PVSKM-
RMATPLLMQA). However, the possibilities discussed above were
also considered for the failure to produce a tetramer using the min-
imal epitope peptides. First, the use of an inappropriate epitope
may have been involved. Defining the precise length of natural epi-
topes bound to class Il molecules is extremely difficult as described
above. Second, the epitope peptide may have weak binding affinity
for the MHC class Il molecules used for tetramer production (see
below). With the core 9-mer peptides bound to HLA-DRB1*08:03,
hydrophobic residues at P1 as phenylalanine (F) or tyrosine (Y) and
residues at P6 as proline (P), serine (S), arginine (R) or asparagine
(N) are relevant as anchor residues [20,21]. F at position 126 and
N at position 131 in NY-ESO-1 121-138 may contribute to bind-
ing. Addition of isoleucine (I) at position 135 strongly stabilized
tetramer production. Third, binding instability of the peptide to
class Il molecules may also be involved.

In addition to the failure to produce MHC class [l tetramers using
the epitope peptides, this study showed unexpected binding of the
tetramer with a peptide not recognized by CD4 T-cells. The clone
Mz-1B7 did not recognize the free peptide 122-135 on autologous
EBV-B cells as APC, but the peptide 122-135/DRB1*08:03 tetramer
bound to the TCR on those cells. The possibility of a lack of binding
of the free peptide 122-135 to the DRB1*08:03 molecule on autol-
ogous APC is unlikely because clone Ue-21 recognized it efficiently.
Rather, the tetramer binding could be due to a subtly modified
structure of the 122-135 peptide/DRB1*08:03 tetramer from the
structure of the free 122-135 peptide/DRB1708:03 molecule. This
could result from structural modification of either the peptide or
the DR molecule, or both, during preparation of the peptide/DR
tetramer, or simply be due to a subtle conformational change in
the DR molecule itself due to fusion of the leucine zipper motif
[8]. In the latter, it is possible that association of DRa and DR
chains by the leucine zipper motif on each chain caused a sub-
tle difference in the conformation of the natural DR molecule,
although there was no convincing evidence to support this idea
in this study.

Here, we also demonstrated that the NY-ESO-1 123-135/
DRB1*08:03 tetramer detected ex vivo CD4 T-cell responses in
PBMCs from a prostate cancer patient P-3 and an esophageal
cancer patient E-1 after CHP-NY-ESO-1 vaccination, and a lung
cancer patient TK-OLP-01 after NY-ESO-1 OLP vaccination. These
patients possessed the DRB1*08:03 allele. Patient P-3 was posi-
tive for the NY-ESO-1 antibody before vaccination (sero-positive)
and patients E-1 and TK-OLP-O1 were sero-negative [15]. In
these patients, tetramer-positive CD4 T-cells were detected after
vaccination.

Based on the discussion above, a possible difference in CD4 T-
cell clones recognizing the epitope peptides from those detected by
the respective peptide/HLA class II tetramer should be taken into
consideration in HLA class Il tetramer analysis.
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alone continued to display

Conclusion: When combined

R Kawabata', T Takahashi’,
Y Makari®, S lijima4, H Nishikawa®, A A Jungbluthé, Y Nakamura', Y Kurokawa',
,E Nakayama7, M Mori' and Y Doki’
"Department of Gastroenterological Surgery, Graduate School of Medicine, Osaka Uni
Osaka 565-0871, Japan; “Surgery, Toyonaka Municipal Hospital, 4-14-1 Sh/bahara
3Surgery, Ikeda City Hospital, 3-1-18 Jonan, Ikeda-city, Osaka 563-8510, Jap
Minoh-city, Osaka 562-0014, Japan; SDepartment of Experimental Immunol

University, Suita, Osaka, Japan; SLudwig Institute for Cancer Research, New
Center, New York, NY 10065, USA and “Faculty of Health and Welfare,

A fstage |, 4.4% of stage I, 25.3% of stage I, and 20.0% of stage v patients

J Fujitaz, T Hirao®, K Shibata®,

2 Yamadaoka, Suita-city (E-2),
aka-city, Osaka 560-0055, Japan;
ery, Minoh City Hospital, 5-7-1 Kayano,
mmunology Frontier Research Center, Osaka
k Branch at Memorial Sloan-Kettering Cancer
iversity of Medical Welfare, 288 Matsushima,
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conventional tumour markers, the NY-ESO-1 humoral immune response could be a useful

tumour marker for detecting advanced gastric cancer and inferring the post-treatment tumour load in seropositive patients.

Gastric cancer is the second most common cause of cancer-related
death worldwide (Statistics and Information Department, 2006;
Katanoda and Yako-Suketomo, 2009). Although complete removal
of the tumour by surgical resection is an ideal treatment option for
patients with gastric cancer, many patients with advanced-stage
gastric cancer need to be treated with intensive chemotherapy.
Gastric cancer patients exhibit high relapse rates even after curative
surgery and unresponsiveness to chemotherapy, resulting in dismal
survival rates (Sasako et al, 2011). Several methods for the
prediction and early detection of subclinical ‘minimal residual

cancer’ after surgery (Austrup et al, 2000; Klein et al, 2002) or
relapse have been developed, for example, peritoneal lavage,
positron emission tomography, gene profiling, and so on. (Motoori
et al, 2006; Makino et al, 2010; Graziosi et al, 2011), reliable
markers that can specifically reflect gastric cancer disease status
have not been determined.

Analysing serum level of tumour markers is employed for
cancer detection, monitoring patients’ disease status, and prognosis
prediction. Several organ-specific tumour markers are used in the
clinic, for example, prostate-specific antigen and prostatic acid
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phosphatase for prostate cancer (Seamonds et al, 1986; Ferro et al,
1987) and protein induced by vitamin K absence-II for liver cancer
(Fujiyama et al, 1986). As no gastric cancer-specific markers
have been determined, a combination of several nonspecific
tumour markers, for example, carcinoembryonic antigen (CEA),
CA19-9,and so on, is merely applicable for monitoring treatment
efficacy, but not the diagnosis of gastric cancer (Takahashi et al,
1995, 2003). Carcinoembryonic antigen and CA19-9 are found in
the sera of 20-60% of gastric cancer patients, and their expression
levels in gastric cancer are related to clinical events, such as relapse
(Kodera et al, 1996). Carcinoembryonic antigen value, in
particular, is indicative of the formation of a large tumour, liver
or peritoneal metastasis, and/or a high risk of relapse and poor
prognosis (Ikeda et al, 1993; Yamamoto et al, 2004). However, as
CEA, a cell surface-anchored glycoprotein, is expressed in normal
cell membranes, 5% of CEA-positive cases are pseudopositives, that
is, caused by heavy smoking, endometriosis, and ageing, and so on.
(Alexander et al, 1976), suggesting the importance of novel
markers for gastric cancer.

NY-ESO-1 antigen, a cancer/testis (CT) antigen, was originally
identified in oesophageal cancer by serological expression cloning
using autologous patient serum and has been shown to be strongly
immunogenic. Spontaneous NY-ESO-1 antibody production is
often observed in patients with NY-ESO-1-expressing tumours, for
example, 9.4% of melanoma patients, 12.5% of ovarian cancer
patients, 7.7-26.5% of breast cancer patients, 4.2-20.0% of lung
cancer patients, and 52% of prostate cancer patients, but has not
been detected in non-cancerous donors (Stockert et al, 1998;
Nakada et al, 2003; Tiireci et al, 2006; Chapman et al, 2007; Isobe
et al, 2009; Gati et al, 2011). Thus, it is possible that the NY-ESO-1
humoral immune response could be used as a serological marker

for detecting these cancers and to facilitate the clinical manage-

ment of some patients with particular types of cancer (Gnjatic et a
2006). Jager et al (1999) found that the change in the NY-ESO
humoral immune response reflected the overall tumour load in/10
out of 12 patients with various cancers. However, there is ongo
controversy regarding the association between the
immune response and prognostic criteria (Yuan ef

Serum sample and tissue sp n collection from gastric
cancer patients. In all, 363 patients with histologically confirmed
gastric cancer, who underwent surgical resection or chemotherapy
at one of four institutions between 2004 and 2011, were included in
this study after providing written informed consent. Serum
samples were obtained from the 363 patients during their
admission to hospital for surgical treatment and/or chemotherapy,
and afterwards, serial serum samples were obtained at each follow-
up visit from 25 patients who displayed NY-ESO-1 humoral
immune responses. All serum samples were collected as surplus
samples after routine blood tests and stored. Fixed and frozen
gastric cancer tissue samples were obtained from 60 out of 363
patients during surgery and stored. The samples were subsequently
subjected to expression analysis. Information regarding blood test
results, tumour stage, histological type, depth of invasion, lymph
node metastasis, and distant metastasis, which were obtained from
pathological examinations and CT scans, were collected from the
relevant patient databases. Serum samples obtained from 50
healthy donors were used as controls. This study was approved by
the institutional review boards of Osaka University Hospital,

Toyonaka Municipal Hospital, Tkeda City Hospital, and Minoh
City Hospital.

Reverse transcription-polymerase chain reaction. Total cellular
RNA was extracted from the frozen tissue using TRIZOL reagent
(Invitrogen, Carlsbad, CA, USA). The total RNA (1pug) was
subjected to the reverse transcription (RT) in 20 ul buffer with
oligo-(dT);s primer using a RT system (Promega, Madison, WI,
USA). Conventional polymerase chain reaction (PCR) was
performed in a 25-pl reaction mixture containing 1l of cDNA
template, 500 nm of each primer, and 1 U of Tag DNA polymerase
(AmpliTaq Gold, Roche Molecular Systems, Pleasanton, CA, USA)
in the following conditions: one cycle of 95 °C for 12 min; followed
by 35 cycles of 94°C for 1min, 60°C for 1min, and 72°C for
1.5 min; and then a final step of 72 °C for 10 min. The sequences of
the primers for NY-ESO-1 were as follows: ESO1-1, 5-AGTTC
TACCTCGCCATGCCT-3; and ESO1-2, 5-TCCTCCTCCAGC
GACAAACAA-3'. The integrity of each RNA sample was verified
by performing RT-PCR for porphobilinogen deaminase (PBGD).
The PCR products were subjected to electrophoresis on a 2%
agarose gel and visualised with ethidium bromide.

lin-fixed, paraffin-embedded tis-
ohistochemistry (IHC) analyses.

ed to detect NY-ESO-1. The slides were then
-based antigen retrieval technique by immersing
heated buffer solution (hipH solution; Dako,

subjected to
them i

erVision; Leica Microsystems, Buffalo Grove, IL,
sed as the secondary reagent, and 3,3-diaminobenzi-
etrahydrochloride (Liquid DAB; Biogenex, San Ramon, CA,
) was used as the chromogen. Normal adult testis tissue as a
tive control and appropriate negative controls were included
r each case.

Enzyme-linked immunosorbent assay. A measure of 100 ul of
1pgml ™' recombinant protein in coating buffer (pH 9.6) were
added to each well of 96-well PolySorp immunoplates (Nunc,
Roskilde, Denmark) and incubated overnight at 4 °C. The plates
were then washed with PBS and blocked with 200 ul per well of 5%
FCS/PBS for 1h at room temperature. After being washed again,
100 1 of serially diluted serum were added to each well and
incubated for 2h at room temperature. Then, after extensive
washing, goat anti-human IgG (Medical & Biological Laboratories,
Nagoya, Japan) was added to the wells as a secondary antibody,
and the plates were incubated for 1h at room temperature. The
plates were washed again, and the signals were developed with
100 4l per well of 0.03% o-phenylene diamine dihydrochloride,
0.02% hydrogen peroxide, and 0.15M citrate buffer, and absor-
bance was read at 490 nm using an enzyme-linked immunosorbent
assay (ELISA) reader (Benchmark Microplate Reader; Bio-Rad,
Hercules, CA, USA). Ovalbumin (OVA; Sigma, St Louis, MO,
USA) was used as the control protein. Levels of NY-ESO-1
humoral response were assessed using optical density (OD) values.

CEA and CA19-9. Serum CEA and CA19-9 levels were measured
at each hospital’s clinical laboratory department. Carcinoembryo-
nic antigen and CA19-9 positivity were defined as serum levels of
CEA and CA19-9 of >5.0ngml ™" and >37 Uml ™, respectively.

Statistical analysis. Fisher’s exact test was used to assess the
associations between NY-ESO-1 antibody expression and clinico-
pathological parameters. Kaplan-Meier curves were plotted to
assess the effect of the NY-ESO-1 antibody on overall survival.
Survival curves were compared using the log-rank test.
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Table 1. Frequencies of NY-ESO-1 antibody, CEA, and CA19-9.in gastric cancer patients

Stage NY-ESO-1 Ab CEA CA19-9 CEA and/or CA19-9 | CFA 3“34?E§£1 9/13“"/ or

| 6/176 (3.4) 24/176 (13.6) 6/176 (3.4) 27/176 (15.3) 31176 (17.6)

1 2/45 (4.4) 8/45 (17.8) 7/45 (15.6) 11/45 (24.4) 12/45 (26.6)

m 17767 25.3) 22167 (32.9) 1767 (16.4) 25/67 (37.3) 35/67 (52.2)

v 16/75 (20.0) 23/75 (30.7) 30/75 (40.0) 40/75 (53.3) 46/75 (61.3)

i 8221 (3.6) 327221 (145) 13221 5.9) 387221 (17.2) 437221 (19.5)

v 33/142 (23.2) 45142 (317) 41142 (26.9) 65/142 (45.6) 817142 57.0)

Total 41/363 (11.1) 77/363 (21.2) 54/363 (14.9) 103/363 (28.4) 124/363 (34.2)
Abbreviations: Ab = antibody; CA = carbohydrate antigen; CEA = carcinoembryonic antigen. Values within parentheses are percentages.

'RESULTS

Determination of NY-ESO-1 humoral immune response posi-
tivity. We first determined the OD cutoff value for NY-ESO-1
humoral immune response positivity. When the serum samples
from the 50 healthy donors were examined for reactivity to the
NY-ESO-1 recombinant protein by ELISA, their OD values ranged
from 0.08 to 0.20, and their mean and standard deviation values
were 0.15 and 0.05, respectively, at a dilution of 1:200. Thus, NY-
ESO-1 humoral immune response positivity was defined as an OD
value of >0.25 at a dilution of 1:200 (95% accuracy level) and >3
times of the OD value against control protein (OVA).

NY-ESO-1 humoral immune responses of gastric cancer
patients. Serum samples were obtained from 363 gastric cancer
patients, including 176 stage I, 45 stage II, 67 stage III, and 75 stage
IV patients at admission (Table 1). The NY-ESO-1 antibody was

25.3% (17 of 67) of stage III, and 20.0% (16 of 75) o
gastric cancer patients, resulting in an overall detecti

significantly correlated with gender (mal
progression (Table 2). In particular, the p:
gastric cancer involving deeper tum
node metastasis, positive distant. me

and NY-ESO-1 protein expression were analysed by RT-PCR and
IHC, respectively, in gastric cancer tissues obtained from 60
patients for whom both frozen and formalin-fixed specimens were
available, including 12 stage I, 12 stage II, 20 stage III, and 16 stage
IV patients (Table 3). NY-ESO-I mRNA was detected in six
specimens. NY-ESO-1 was immunohistochemically detected in 19
specimens, including 6 and 13 that were positive and negative for
NY-ESO-1 mRNA, respectively. Most of the specimens displayed a
heterogeneous staining pattern (data not shown).

NY-ESO-1 antibody and antigen expression. We analysed the
frequency of NY-ESO-1 antibody positivity in gastric cancer
patients in whom NY-ESO-1 antigen expression was or was not
detected by RT-PCR or THC. As shown in Table 3, 9 out of the 60
gastric cancer patients whose specimens were available for
expression analysis possessed the NY-ESO-1 antibody in their
sera. The NY-ESO-1 antibody was detected in 8 of 19 (42.1%)
patients with IHC-positive gastric cancer and 5 of 6 (83.3%)
patients with RT-PCR (and IHC)-positive gastric cancer, whereas
only 1 of 41 patients in whom both RT-PCR and IHC analysis

Table 2. Relationship between NY-ESO-1. antibody. positivity. and
clinicopathological features in gastric cancer patients

Variable NY-ESO-1 Ab P-value*

Positive

223 (86.4) 0.04307

99 (94.3)

6(5.7)

178 (88.6)

144 (88.9) 18 (11.1)

Differentiated 0.5605

Undifferentiated

143 (89.4)
132 (87.4)

17 (10.6)
19 (12.6)

( .2)
26 (16.8)

196 (97.0) <0.001

126 (78.3)

6 (3.0)
35(21.7)

Negative
Positive

277 (91.1)
45 (76.3)

27 (8.9)
14 (23.7)

Negative <0.001

Positive

-l 213 (96.4)

8 (3.6)
33 (23.2)

<0.001

-V 109 (76.8)

Abbreviations: Ab = antibody. Fisher's exact test was used for the statistical analysis. Values
within parentheses are percentages.

produced negative results displayed an NY-ESO-1 humoral
immune responses.

Frequencies of NY-ESO-1 humoral immune responses and
conventional tumour markers in gastric cancer patients. The
frequency of the NY-ESO-1 humoral immune response was
compared with those of conventional tumour markers in gastric
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_Table 3. Frequency of NY-ESO-1 anfibddy positives in éastric cancer
patients in. whom the NY:ESO-1:antigen was or was not detected by IHC

or RT=PCR

| IHC I

Positive Total

Negative

Positive 5/6 (83.3) .3)
Negative 3/13 (23.1) 4/54 (7.4)
Total 8/19 (42.1) 9/60 (15.0)

Abbreviations: IHC =immunohistochemistry; RT-PCR=reverse transcription-polymerase
chain reaction. Frozen and formalin-fixed tissue specimens from 60 patients, including 12
stage |, 12 stage Il, 20 stage lll, and 16 stage IV patients, were analysed. All stage IV patients
had previously undergone surgical treatment. Values within parentheses are percentages.

cancer patients. The serum CEA and CA19-9 levels of 363 gastric
cancer patients were measured at admission (Table 1). Carcinoem-
bryonic antigen and CA19-9 positivity were observed in 21.2% (77
of 363) and 14.9% (54 of 363) of the gastric cancer patients,
respectively, and, except for CA19-9 in the stage III patients, they
displayed higher frequencies than the NY-ESO-1 humoral immune
response in all stages of the disease. We then analysed whether the
addition of the NY-ESO-1 humoral immune response to CEA and
CA19-9 increased the diagnostic frequency of gastric cancer. The
combined use of CEA and CA19-9 tests produced positivity
rates of 15.3% (27 of 176) in stage I, 24.4% (11 of 45) in stage II,
37.3% (25 of 67) in stage III, and 53.3% (40 of 75) in stage IV
gastric cancer patients, resulting in an overall positivity rate of
28.4% (103 of 363). When the NY-ESO-1 humoral immune
response was added to these two conventional tumour markers, t
positivity rates of all stages increased, resulting in informa
gains of 14.9% (from 25 to 35 patients; 10 of 67) in stage
11.2% (from 65 to 81 patients; 16 of 142) in stage III and
cancer patients.

ESO-1 humoral immune responses
their clinical courses. In all, 6 stage

who did not suffer recurrence decreased after treatment and had
fallen below the cutoff level by 9 months after surgery in most cases
and did not subsequently increase (Figure 1). The half-lives of their
NY-ESO-1 humoral immune response levels were 1.5, 1.6, 2.1, 3.2,
and 6.6 months in the stage I patients; 3.0 and 4.0 months in the
stage II patients; and 1.6, 1.9, 2.3, 3.0, 3.2, 4.1, and 6.7 months in
the stage III patients (mean: 3.0 months). On the other hand, the
two patients who underwent curative surgery but subsequently
suffered recurrence, M-2 (stage I) and M-11 (stage III), displayed
not only incomplete decreases in their NY-ESO-1 humoral
immune response levels but also their subsequent restoration to
pretreatment levels (Figure 1 and Figure 2A and B). In a
comparison between the patients’ conventional tumour marker
levels and their NY-ESO-1humoral immune response levels, we
found that the changes in their CEA and CA19-9 levels were
consistent with their NY-ESO-1 immune response levels in patient
M-2, whereas patient M-11 was negative for both CEA and CA19-9
throughout their clinical course. Nine stage IV patients who
received chemotherapy alone maintained high NY-ESO-1 humoral
immune response levels throughout their clinical courses,

15 Stage |

A
6 12 18 24 30 36
Months after surgical treatment
1.5 4 Stage Il
1.0
o
(@]
0.5
6 12 8 24 30 36
Months a urgical treatment
1.5 -
10K
o
o]

18 24 30 36
Months after surgical treatment
Stage IV
12 18 24 30 36

Months after the initial detection of NY-ESO-1 antibody

Figure 1. Change in the NY-ESO-1 humoral immune responses of
gastric cancer patients after treatment. The serum NY-ESO-1 humoral
immune responses of patients with stage |, [l, Ill, or IV gastric cancer in
whom NY-ESO-1 antibody production was detected before surgical
treatment or chemotherapy were serially analysed. |n all, 6 stage |,

2 stage I, and 8 stage Il patients received curative surgery, and only
2 patients (@, H) suffered recurrence. Nine patients with stage IV
gastric cancer received chemotherapy alone after the initial detection
of NY-ESO-1 antibody. Each mark represents a patient. Optical density
(OD) values were measured at a serum dilution of 1:200.

including some patients who achieved partial tumour responses
after chemotherapy (Figure 1).

Prognostic value of the NY-ESO-1 humoral immune response in
gastric cancer. The prognostic value of the NY-ESO-1 immune
response was evaluated in gastric cancer patients. An analysis of
the cumulative overall survival of the gastric cancer patients
indicated that there was no difference in the survival rates of the
patients who did and did not display positive NY-ESO-1 humoral
immune responses (Figure 3A). However, among the patients with
higher stage gastric cancer, overall survival was better in the
patients in whom NY-ESO-lhumoral immune responses were
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detected, although the difference was not significant (Figure 3B).
NY-ESO-1 protein expression, as detected by IHC, did not affect
the overall survival rate (data not shown).

DISCUSSION

NY-ESO-1 antibody was detected in 23.2% of stage III and IV
gastric cancer patients, and the combinatorial use of the NY-ESO-1
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antibody with CEA and CA19-9 as tumour markers increase the
percentage of tumour detection from 458 to 57.0%. As the
frequency of NY-ESO-1 humoral immune response was relatively
low in the patients with early-stage gastric cancer, analysing serum
NY-ESO-1 antibody levels alone might not be useful for screening
for early-stage gastric cancer. Nevertheless, the expression of NY-
ESO-1, a CT antigen, is restricted to tumour tissues and NY-ESO-1
antibody is only detectable in patients with NY-ESO-1-expressing
tumours (Stockert et al, 1998), indicating the highly specific nature
of NY-ESO-1 humoral immune responses in cancer patients. Given
that NY-ESO-1 expression by malignant cells is required for
antibody induction (Stockert et al, 1998), the detection of NY-
ESO-1 antibody would be helpful for diagnosing malignancy,
although extensive analysis of serum samples from patients with
non-cancerous disease, for example, liver or renal disorders,
autoimmune diseases, and so on, would be necessary to confirm. In
our expression analysis, more NY-ESO-1-positive cases were
detected by IHC (19 of 60) than by RT-PCR (6 of 60). This was
probably due to the heterogeneous expression of NY-ESO-1 in
gastric cancer and the fact that alimited number of biopsy samples
were used for the RT-PCR, whereas multiple slices from whole
tumour specimens were used.for,the.IHC. Extensive IHC analysis
should be used for NY-ESO-1 expression studies of gastric cancer.

We detected a co i etween the NY-ESO-1 humoral
immune response le nd the clinical outcome after therapy in
gastric cancer pati patients who underwent surgery dand
ibsequent relapse displayed consistent decreases
1 humoral immune response levels or even the

SO-1-expressing tumour is one possible reason for the
rved decreases in these patients’ NY-ESO-1 humoral immune
sponse levels after surgery. Patients M-2 and M-11, in whom
NY-ESO-1 humoral immune responses remained high for 1 year
after surgery and increased thereafter, may have a subclinical
residual disease of the so-called ‘minimal residual cancer’ (Austrup
et al, 2000; Klein ef al, 2002) after curative surgery. Local recurrent
tumours of 23 and 25 mm in diameter subsequently developed in
M-2 and M-11, respectively, suggesting that even a small tumour
burden is sufficient to stimulate antibody production. Patient M-2
showed a partial decrease in their NY-ESO-1 humoral immune
response levels after the resection of the relapsed tumour, and we
are carefully observing the progression of this tumour.

Nine patients with stage IV gastric cancer received chemother-
apy alone. Among them, six patients displayed stable disease, two

w

Overall survival rate

Months after the initial detection of
NY-ESO-1 antibody

Figure 3. Prognostic role of NY-ESO-1 antibody in gastric cancer patients. The cumulative overall survival rate was analysed in all patients
(n=310; A) and stage lll and IV (n=126; B) gastric cancer patients in whom NY-ESO-1 antibodies were (continuous line) and were not detected
(dotted line). The detection of NY-ESO-1 protein by IHC analysis did not affect the overall survival rate (data not shown). Survival curves were
plotted using the Kaplan-Meier method. The log-rank test was used for comparisons between groups. P-values <0.05 were considered

significant.
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patients displayed progressive disease, and one patient (M-19)
achieved a partial response. Serial analysis of the NY-ESO-1
humoral immune responses of these nine patients including M-19
showed that they barely changed throughout their clinical courses,
suggesting that even small tumours are enough to provoke strong
NY-ESO-1 humoral immune responses. In this regard, the NY-
ESO-1 humoral immune response might not be suitable as a
clinical marker for palliative therapy.

We have performed serial cancer vaccine clinical trials with NY-
ESO-1 because of its strong immunogenicity and high specificity
(Uenaka et al, 2007; Wada et al, 2008; Kakimi et al, 2011). The NY-
ESO-1lhumoral immune response could be a reliable marker of the
induction of immune response, as well as for predicting clinical
responses in these trials. Furthermore, antibody-based examina-
tions detected both intra- and intermolecular antigen spreading in
the sera of patients who had been vaccinated with NY-ESO-1
protein (Kawada ef al, 2012), suggesting the possible correlation of
NY-ESO-1 humoral immne responses and clinical status. In
addition, we have started a phase I study of vaccination with NY-
ESO-1 protein mixed with Hiltonol (Poly ICLC), Picibanil (OK-
432), and Montanide (ISA-51) in patients with NY-ESO-1-
expressing cancers (UMIN000007954). Furthermore, NY-ESO-1
vaccine involving modulators of immune checkpoints, for example,
anti-CTLA4 antibody and anti-PD-1 antibody, and reagents that
are antagonistic to regulatory T cells, for example, anti-CCR4
antibody (Pardoll, 2012) should be considered.

Recently, the antibody against p53, another tumour antigen, has
been recognised as a useful tumour marker (Lubin et al, 1995).
Shimada et al (2000)) reported that p53 antibody was detected in
35% of serum samples from patients with in situ oesophageal cancer
and that it disappeared after endoscopic mucosal resection,
proposing that p53 antibody is useful for the early detection and
subsequent monitoring of oesophageal cancer. In addition, Miille

et al (2006) reported that p53 antibody was found in 23.4% of serum.

samples from cancer patients with 100% accuracy and was correlated
with poor prognosis in hepatocellular carcinoma and breast

Here, we have demonstrated that the NY-ESO-1
immune response could also be valuable as a marker fo;
advanced gastric cancer and inferring whether res t
cells remain after treatment, although its freque in gastric
cancer is not very high. We have started a prospective multi-
institutional clinical study of NY-ES noral immune
responses in higher stage gastric ca patients. In this new
study, the NY-ESO-1 humoral immun s of approximately
100 patients who relapsed aftef curative surgery will be serially
analysed and then followed has been registered as
UMINO000007925 in Japan.
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Subcuticular sutures versus staples for skin closure after open
gastrointestinal surgery: a phase 3, multicentre, open-label,
randomised controlled trial

Toshimasa Tsujinaka, Kazuyashi Yamamoto, Junya Fujita, Shunji Endo, Junji Kawada, Shin Nakahira, Toshio Shimokawa, Shogo Kobayashi,
Makoto Yamasaki, Yusuke Akamaru, Atsushi Miyamoto, Tsunekazu Mizushima, Junzo Shimizu, Koji Umeshita, Toshinori Ito, Yuichiro Doki,
Masaki Mori, for the Clinical Study Group of Osaka University on Section of Risk Management

Summary

Background Staples have been widely used for skin closure after open gastrointestinal surgery. The potential advantages
of subcuticular sutures compared with staples have not been assessed. We assessed the differences in the frequency of
wound complications, including superficial incisional surgical site infection and hypertrophic scar formation, depending
on whether subcuticular sutures or staples are used.

Methods We did a multicentre, open-label, randomised controlled trial at 24 institutions between June 1, 2009, and
Feb 28, 2012. Eligible patients aged 20 years or older, with adequate organ function and undergoing elective open upper
or lower gastrointestinal surgery, were randomly assigned preoperatively to either staples or subcuticular sutures for skin
closure. Randomisation was done via a computer-generated permuted-block sequence, and was stratified by institution,
sex, and type of surgery (ie, upper or lower gasirointestinal surgery). Our primary endpoint was the incidence of wound
complications within 30 days of surgery. Analysis was done by intention to treat. This study is registered with UMIN-
CTR, UMIN000002480.

Findings 1080 patients were enrolled and randomly assigned in a one to one ratio: 562 to subcuticular sutures and 518 to
staples. 1072 were eligible for the primary endpoint and 1058 for the secondary endpoint. Of the 558 patients who
received subcuticular sutures, 382 underwent upper gastrointestinal surgery and 176 underwent lower gastrointestinal
surgery. Wound complications occurred in 47 of 558 patients (8-4%, 95% CI 6-3-11.0). Of the 514 who received staples,
413 underwent upper gastrointestinal surgery and 101 underwent lower gastrointestinal surgery. Wound complications
occurred in 59 of 514 (11-5%, 95% CI 8.9-14-6). Overall, the rate of wound complications did not differ significantly

between the subcuticular sutures and staples groups (odds ratio 0-709, 95% CI 0-474-1-062; p=0-12).

Interpretation The efficacy of subcuticular sutures was not validated as an improvement over a standard procedure for
skin closure to reduce the incidence of wound complications after open gastrointestinal surgery.

Funding Johnson & Johnson.

Introduction

Wound complications are among the most common
issues reported after surgery, and are often very prob-
lematic for patients in terms of cosmetic appearance,
decreased quality of life, prolonged hospital stays, and
increased health-care costs.” Several publications have
addressed ways to reduce the risk of wound complications
associated with surgery,** such as intraoperative adminis-
tration of antimicrobial prophylaxis,** skin preparation,
barrier retractional wound protection,” use of absorbable
sutures during intraperitoneal procedures,* and pulsatile
lavage irrigation of wounds before closure.®* Triclosan-
coated sutures significantly reduced the rate of surgical
site infections compared with conventional uncoated
sutures in various types of surgery.*

Because of the increase in the number of patients with
preoperative comorbidities that are risk factors for wound
complications, such as malnutrition,” diabetes mellitus,*
and obesity,® new, innovative approaches will be necessary
to decrease the risk of wound complications after surgery.

www.thelancet.com Vol 382 September 28,2013

Subcuticular suturing for skin closure is an attractive
alternative for skin approximation in most types of surgery.
It is often used in plastic surgery because of the low
incidence of wound complications and good cosmetic
appearance.™ Compared with staples, several clinical
trials have shown that subcuticular sutures are associated
with a significantly lower incidence of wound compli-
cations and better cosmetic results after orthopaedic sur-
gery,® cardiovascular surgery,®* and caesarean section.”®
In 242 patients undergoing coronary artery bypass graft
surgery, Johnson and colleagues® prospectively closed half
of each sternal and saphenous vein harvest wound with
staples and half with intradermal sutures. The incidence of
wound infection was similar with both methods, but
significantly fewer wound complications were noted with
subcuticular sutures than with staples. Additionally,
patients who expressed a preference preferred sutures to
staples. Basha and investigators® randomly assigned
435 patients undergoing caesarean delivery to stainless
steel staples or subcuticular 4-0 monocryl sutures. They
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reported that staple closure was associated with a four
times increased risk of wound separation (adjusted odds
ratio [OR] 4-66, 95% CI 2-07-10-52; p<0-001) and poor
patient satisfaction.

These trials had been done for class 1 surgical pro-
cedures—ie, clean surgery. However, the benefit of sub-
cuticular sutures in gastrointestinal surgery, a class 2
(clean-contaminated) surgery that is associated with a high
incidence of wound complications,”®*¥ has not been fully
examined.” Staples are the most commonly used tech-
nique for skin closure during gastrointestinal surgery
because of convenience and speed. Because no consensus
has been reached about how to apply findings from class 1
surgery to class 2 surgery, an optimum method of skin for
gastrointestinal surgery remains to be established.

We investigated differences in prevention of wound
complications between subcuticular sutures and staples
after elective upper and lower gastrointestinal open
surgery.

Methods
Study design and participants
We did a large-scale, multicentre, open-label,

phase 3 randomised controlled trial at 24 institutions in
Japan from June 1, 2009, to Feb 28, 2012. The study was
organised by the Clinical Study Group of Osaka
University on Risk Management (OSGO-RM), which is
composed of hospitals affiliated from the Department
of Gastroenterological Surgery, Graduate School of
Medicine, Osaka University.

Eligible patients were undergoing elective upper or lower
gastrointestinal surgery, aged 20 years or older, and had
adequate organ function. Patients undergoing abdomino-
perineal resection for rectal cancer were also eligible, but
we only assessed abdominal wounds for outcomes. We
excluded patients needing emergency or laparoscopic
surgery, with a history of laparotomy with a midline
incision, or with long-term corticosteroid use; active
infection such as peritonitis, pneumonia, or urinary tract
infection; massive ascites; coagulopathy or other disorders
that would preclude study participation; uncontrolled or
insulin-treated diabetes; mental illness, poor general
condition; severe cardiopulmonary disease; or who were
deemed by surgeons to be inappropriate for participation
in a randomised trial. The institutional review board of
each hospital approved the protocol. All patients provided
written informed consent before randomisation. We did
not collect data on the number of patients approached and
assessed for eligibility.

Randomisation and masking
Patients were recruited by the investigators and treat-
ment allocation was made preoperatively after confirm-
ing eligibity.

Enrolment was done through a web-based system
established for this trial and randomisation by a
computer-generated permuted-block sequence. The size of
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the blocks used for randomisation was four. Patients were
randomly assigned (L:1) to either subcuticular sutures or
staples for skin closure and balanced according to
institution, sex, and type of surgery (ie, upper or lower
gastrointestinal open surgery). Investigator surgeons were
informed of the treatment allocation via the internet and
did the procedures. Patients and investigators were not
masked to group assignment. The data centre, based at the
Multicenter Clinical Study Group at Osaka University was
responsible for treatment allocation, central monitoring,
and statistical analyses under the supervision of the
statistician in charge.

Procedures

In the subcuticular suture group, surgeons used inter-
rupted subcuticular sutures with 3-0 or 40 monofilament
absorbable suture (polydioxanone; PDS-II Ethicon, Tokyo,
Japan). The interval of the sucuticular sutures was
15-25 mm and the length of the bite of sutures was
15-25 mm from the edge of the skin. Under this condition,
the skin could be closed tightly. Use of sterile strips or skin
glue for epidermal approximation in addition to sub-
cuticular sutures was an institutional choice. In the staples
group, metallic skin staples, which were the choice of
individual institutions, 10-15 mm apart were used.
Approximation of the fat layer was not allowed in the either
group. Before the trial, investigators from participating
institutions were instructed on how to do subcuticular
sutures during the trial. A video in which a plastic surgeon
used the subcuticular suturing technique (adopted as the
standard) was provided to each participating institution.
The standard procedure was also demonstrated at each
investigator meeting. Investigators and physicians in
training met yearly to examine how subcuticular sutures
were done.

All participating institutions were asked to follow the
guidelines about prevention of surgical site infections
issued by the US Centers for Disease Control and Pre-
vention (CDC).” Surgical gloves and instruments were
changed before wound closure. Absorbable monofilament
sutures were used for approximation of the fascia, and
the subcutaneous space was irrigated with saline with-
out added antibiotics. Intra-abdominal drain placement
through a separate incision away from the operative
incision was permitted but drainage of the wound was not
allowed. Skin preparation techniques, prophylactic anti-
biotic administration, the volume of saline used for
intra-abdominal irrigation, dressing methods, and timing
of postoperative staple removal, perioperative care, and
wound management were according to each participating
institution’s respective standards.

Our primary outcome was incidence of wound com-
plications within 30 days of surgery. The secondary out-
come was the incidence of hypertrophic scar formation
6 months after surgery. Wound complications were
defined as the presence of at least one of several signs or
symptoms necessitating treatment: wound disruption,

www.thelancet.com Vol 382 September 28,2013
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stitch abscess, abscess caused by metal allergy, seroma or
haematoma, or superficial incisional surgical site infec-
tions. Superficial incisional surgical site infections are
defined by the CDC® as infections occurring within
30 days of surgery that implicate only the skin or sub-
cutaneous tissue of the incision. Diagnosis of superficial
incisional surgical site infection must satisfy one or more
of several criteria: purulent drainage (with or without
laboratory confirmation) from the superficial incision,
organisms isolated from an aseptically obtained culture of
fluid or tissue from the superficial incision, or at least one
of the signs or symptoms of infection (pain or tenderness,
localised swelling, redness or heat, and superficial incision
deliberately opened by the surgeon, unless the incision is
culture-negative). Infection control personnel monitored
and detected surgical site infections during patients’
hospital stays. Changes noted in the wound were not
defined as wound complications if they did not necessi-
tate treatment. When superficial incisional surgical site
infections and other wound complications coexisted in the
same patient, we defined the complication as superficial
incisional surgical site infections. We defined hypertrophic
scar as a widened or elevated unsightly scar with erythema
or pigmentation.

Responsible surgeons checked for the presence or
absence of wound complications every day during the
hospital stay and at every outpatient visit until 30 days after
surgery. They were also responsible for checking for the
presence or absence of hypertrophic scar formation at
6 months after surgery, and measured the width and
length of detected hypertrophic scars. Before starting the
trial, the principal investigator showed typical cases of
various wound complications and hypertrophic scars, and
consensus about all types of wound complications was
reached by the investigators.

Statistical analysis
We planned a sample size of 530 patients per treatment
group when we designed the trial. Such a sample size
would provide power of 80% with a two-sided significance
level of 0-05 to detect superiority in the reduction of the
frequency of wound complications. Wound complications
were anticipated in 11% of patients in the staples group
and 6% in the subcuticular sutures group, allowing for a
loss to follow-up of roughly 10%. The projected accrual
period was 2 years and no interim analyses were planned.

We did the analysis on a modified intention-to-treat
Dbasis. We expressed continuous numerical data as medians
and IQRs or means and SDs, when appropriate, and
distribution of dichotomous data in percentages with
95% Cls. We used Fisher’s exact test to compare binary
variables and the Mann-Whitney U test to compare
continuous variables. All p values of less than 0-05 were
deemed significant.

The primary outcome was analysed with Fisher’s exact
test, and we used the Mantel-Haenszel test to adjust for the
type of surgery, a potential confounding factor, which was

www.thelancet.com Vol 382 September 28, 2013

not prespecified in the protocol. We used Fisher’s exact test
to analyse the secondary outcome and to calculate and
compare outcomes as a post-hoc analysis on the basis of
type of surgery.

We analysed thickness of subcutaneous fat (objectively
classified by the surgeon as either thin, normal, or thick),
American Society of Anesthesiologists (ASA) physical
status classification,” operative time, intraoperative blood
loss volume, duration of prophylactic antibiotics, presence
of drainage tube and duration of drainage, and use of
postoperative anticoagulant therapy as variables. Sub-
groups were analysed with logistic regression to assess for
statistical interactions between treatments in various
subgroups. Because of the exploratory nature of subgroup
comparisons, we report test results without multiplicity
adjustments for type I error. This study is registered with
UMIN-CTR, UMIN000002480. UMIN-CTR is one of the
network members of the Japan Primary Registries
Network, which meets WHO registry criteria.

Role of the funding source

The sponsor had no roles in the study design; data
collection, analysis, or interpretation; or writing of the
Article. The corresponding author had full access to all
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1 had laparoscopic surgery
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Lrefused 2 had previous surgical
3 ineligible wounds

1 had insulin-dependent
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included in the modified
intention-to-treat analysis

514 eligible per-protocol
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478 assessable per-protocol for
hypertrophic scar formation

Figure 1: Trial profile
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388 (69.0%) 365 (70-5%)

Thickness of subcutaneous fat*

Thick 143 (25-6%) 109 (21-2%)
Standard 328(58-8%) 317 (61-6%)
Thin 87 (15-6%) 89 (17-3%)

497 (96:3%)
6 (1:2%)
13 (2:5%)

Surgical drape

535(95-9%)

Gauze 10 (1-8%)

None

Duration of drain insertion (days)
0 (ie, no drain) 118 (21-1%)
1-3 50 (9-0%)

6

108 (21-0%)
34 (6-6%)

Anticoagulation therapy#
Yes 130 (23:3%)
429 (76:7%)

96 (18-6%)
420 (81-4%)

the data and was responsible for the decision to submit
for publication.

Results

Figure 1 shows the trial profile. 1080 patients from
24 institutions were enrolled and randomly assigned—
562 to subcuticular sutures and 518 to staples. Assessment
of case report forms showed that four patients in each
group were ineligible for inclusion, and thus the modified
intention-to-treat population comprised 558 patients in the
subcuticular sutures group and 514 in the staples group

— 392 —

Gastric cancer 375(97-4%)

6 (1-6%)

403 (96-6%)

Gastric submucosal tumour 9 (2-2%)

Total gastrectomy 149 (38-7%) 143 (34-3%)

Distal gastrectomy 186 (48:3%) 219 (52:5%)
Proximal gastrectomy 19 (4-9%) 16 (3-8%)
Exploratory laparotomy 4(1-0%) 4(1-0%)

Oth 8-49

Colon cancer 98 (55-4%) 51 (50-5%)
Rectal cancer 71 (40-1%) 48 (47-5%)
Anal cancer 2 (11%) 1(1-0%)

Other 6 (3-4%)

1(1:0%)

Right hemicolectomy 41(232%) 28 (27:7%)

Left hemicolectomy 44 (24:9%) 8(7-9%)
Low anterior resection 61 (34-5%) 38 (37-6%)
Abdominoperineal resection 11 (6-2%) 10 (9-9%)
Partial resection of colon 9 (5-1%) 10 (9:9%)
Other 11 (6-2%) 7 (6-9%)

(figure 1). Ten patients in the subcuticular sutures group
and three in the staples group needed reoperation with-
in 30 days, which met the exclusion criterion, a history of
laparotomy, and thus were not assessed for wound
complications.

Distribution of most demographic and clinical charac-
teristics of enrolled patients was balanced between groups
except type of surgery (table 1). Tables 2 and 3 show details
of the diseases and surgical procedures in the two groups.
417 patients who underwent upper gastrointestinal surgery
were allocated to the staples group and 385 to the sub-
cuticular sutures group, and 177 patients who underwent
lower gastrointestinal surgery were allocated to the sub-
cuticular sutures group and 101 to the staples group.

In the subcuticular sutures group, wound complications
occurred in 47 of 558 (8-4%, 95% CI 6-3-11-0) patients,
including 36 (6-4%, 4-6-8-8) patients with superficial
incisional surgical site infections. In the staples group,
wound complications occurred in 59 of 514 patients
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Wound complication
rate*

47(84%)  59(115%)

Surgical site infection 36 (6-4%)  36(7:0%) 0-928 0-81

(superficial incisional) (0-558-1-543)

Non-surgical-site 11(2-0%) 23(4-5%) 0-435 0-0238

infection (0-189-0-940)

Wound separation 3(0-5%) 8(1-6%) 0346 013
(0-059-1-453)

Seroma 5(0-9%)  12(23%) 0383 009
(0-105-1-179)

Haematoma 1(0-2%) 2(0-4%) 0466 0-61
(0-008-8-969)

Other 2(0-4%) 1(02%) 1867 100

(0-097-110-358)

(11-5%, 8-9-14-6), including 36 (7-0%, 5-0-9-6) with
superficial incisional surgical site infections (table 4). As
a primary outcome, the number of wound complica-
tions did not differ significantly between the two groups
(OR 0-709, 95% CI 0-474-1-062; p=0-12). Since we
identified confounding with the stratified factor, type of
surgery, adjustment was done to show a significant
difference (0-658, 0-438-0.988; p=0-0438), although
this was not prespecified.

Post-hoc exploratory analyses showed that wound
complications excepting surgical site infections occurred
significantly less often in the subcuticular suture group
than in the staples group overall (OR 0-435, 95% CI
0-189-0-940; p=0-0238) and in patients who underwent
upper gastrointestinal surgery (0-331, 0-107-0-875;
p=0-0149). In patients who underwent lower gastro-
intestinal surgery, significantly fewer wound compli-
cations (0-463, 0-217-0-978; p=0-0301) and superficial
incisional surgical site infections (0-425, 0-179-0-992;
p=0-0399) were noted in the subcuticular sutures than in
the staples group (table 4).

Table 5 summarises secondary outcomes. Significantly
fewer hypertrophic scars formed in the subcuticular
sutures group than in the staples group overall
(OR 0-726, 0-528-0-998; p=0-0429) and specifically in
patients who underwent upper gastrointestinal surgery
(0-672, 0-465-0-965; 0-0282).

We did a post-hoc subset analysis to identify potential
interactions between wound complications and back-
ground factors (figure 2). Significant risk reduction for
wound complications was noted with subcuticular sutures
compared with staples in male patients (vs female patients),
lower gastrointestinal surgery (vs upper gastrointestinal
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39 (9-4%) 038 18 (10-2%)

23 (6:0%) 20(4-8%) 1-259 0-53 13(7-4%) 16 (15-8%)

(0-649-2-461)

6 (1-6%) 19 (4-6%) 0331 0-0149 5(2-8%) 4 (4-0%)
(0-107-0-875)

1(0:3%) 6(1-5%) 0178 013 2 (11%) 2(2:0%)
(0-004-1-480)

3(0-8%) 11(27%) 0290 0-06 2 (1:1%) 1(1-0%)
(0-052-1-108)

0(0-0%) 1(02%) 1(0-6%) 1(1-0%)

2(0-5%) 1(02%) 2166 0-61 0{0-0%) 0(0-0%)

(0-112-128-141)

surgery), cases with operative time of 220 min or greater
(vs those with operative times <220 min), and patients
receiving postoperative anticoagulant therapy (vs those not
receiving such therapy). We did not identify any important
treatment-related adverse events for stapling or sub-
cuticular sutures.

Discussion

Subcuticular sutures for skin closure have been advocated
instead of staples in clean (class 1) surgery, includ-
ing cardiovascular surgery* orthopaedic surgery® and
caesarean delivery,® on the basis of the results of random-
ised studies. Whether these results can be applied to
class 2 surgery, as represented by gastrointestinal surgery,
is of concern. Classification of the types of surgery is
described in panel 1. Our results show that subcuticular
sutures did not significantly reduce the frequency of
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20 (19-8%)

0463 0-0301

0425 00399
(0-179-0-992)

0-710 0-73
(0-149-3-666)

0-570 0-62
(0-041-7.979)

1149 1.00
(0-059-68-457)

0573 1-00

(0-007-45-300)
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n Odds ratio (95%Cl) p

Sex i
Male 746 ——e! 0550 (0:330-0-918) 00221
Female 326 g 1105 (0-560-2.182)  0-86
Age (years)
265 686 -—.-,-— 0-820(0-513-1312)  0-47
<65 386 e 0450 (0-197-1.028)  0:07
Type of surgery :
Upper gastrointestinal 795 ——-—‘— 0.788 (0-477-1302) 038
Lower gastrointestinal 277 —-—-—n—~—‘ 0-461(0-231-0-921)  0-0301
Thickness of subcutaneous fat
Thick 252 S 0-631(0-293-1-356) 025
Standard 645 ———-—‘E—— 0-861(0-504-1-472) 059
Thin 175 e 0-386 (0-130-1-147)  0-12
ASA physical status classification
1 402 ——;——‘ 1.000(0-513~1.951)  1.00
2 585 ———t 0-613 (0359-1.048)  0-08
3 85 e 0-343(0-063-1.875) 026
Operative time (min)
2220 550 ] 0544 (0307-0-962)  0-0434
<220 522 — 0-934 (0-526-1:657)  0-88
Blood loss (mL)
2230 549 —ie 0-827 (0-473-1-445) 057
<230 523 — 0-601 (0:334-1.080) 010
Duration of antibiotic prophylaxis (days)
=2 321 i 0873 (0-436-1749) 087
1 751 —— 0627 (0-380-1.035) 073
Drain insertion
Yes 846 ———— 0-819 (0-517-1-299)  0-41
No 26 —_— 0442 (0188-1.039) 006
Anticoagulation therapy ,
Yes 225 e 0-405 (0-169-0-970)  0-0489
No 847 —ui 0826 (0.523-1304)  0-42

f T 1

01 1 10

< >

< >

Favours subcuticular sutures  Favours staples

Figure 2: Subset analysis of wound complications in the modified intention-to-treat population
Significance was calculated with Fisher's exact test. ASA=American Society of Anesthesiologists.
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wound complications as a primary outcome and therefore
subcuticular sutures are not validated as a new standard
procedure for skin closure after gastrointestinal surgery
(panel 2). As a secondary outcome, we noted fewer hyper-
trophic scars formed when subcuticular sutures were used
than when staples were used.

Our sample size calculation was done on the assump-
tion that the incidence of wound complications was 7-5%
with upper gastrointestinal surgery and 15% with lower
gastrointestinal surgery when staples were used and the
expected number of patients receiving the respective
surgery was equal (1:1), which gave the incidence of
wound complications as 11%. We postulated that a 5%
reduction of the incidence of wound complications by
subcuticular sutures was necessary to be a new standard
procedure for skin closure. There are several reasons
why we did not obtain the results we expected. We
showed that the incidences of wound complications were
8-4% in the subcuticular sutures group and 11-5% in the
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staples group (p=0-12) in all patients, 7-6% and 9-4%
(p=0-38) in upper gastrointestinal surgery, and 10-2%
and 19-8% (p=0-0301) in lower gastrointestinal surgery
(table 4). Subcuticular sutures were more effective in
lower gastrointestinal surgery, whereas enrolment of
patients receiving open lower gastrointestinal surgery
was substantially lower than that of patients receiving
open upper gastrointestinal surgery (278 vs 802) because
laparoscopic surgery has become more prevalent in
lower gastrointestinal surgery. Although we included
type of surgery as one of our stratification variables, more
patients who underwent lower gastrointestinal surgery
received subcuticular sutures than staples (177 vs 101) and
more patients who underwent upper gastrointestinal
surgery received staples than subcuticular sutures (417 vs
385) as a result of the unexpected unbalanced allocation
(tables 2, 3), which might be caused by participation of
many institutions and the presence of three stratification
factors. These factors attenuated the postulated effect of
subcuticular sutures and the analysis of the primary
outcome did not reach significance. When adjusting for
the type of surgery, subcuticular sutures seemed to con-
fer a benefit, although this result is not conclusive. Thus,
preferential use of subcuticular sutures might be sup-
ported in some circumstances. Although we did not
analyse outcomes of individual institutions, there was
possibility of heterogeneity with regard to the effect of
subcuticular sutures caused by as many as 24 institutions.

Before this trial, few data for potential differences in
the rate of wound complications and hypertrophic scar
formation between upper and lower gastrointestinal
surgery were available. That the incidence of superficial
incisional surgical site infections was higher with lower
gastrointestinal surgery than with upper gastrointestinal
surgery had been previously reported,” which was the
reason why we used type of surgery as a stratification
factor. We showed that the incidence of total wound
complications and superficial incisional surgical site
infections was significantly higher in lower than in
upper gastrointestinal surgery, whereas the incidence of
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hypertrophic scar formation was higher in upper than
in lower gastrointestinal surgery. Subcuticular sutures
reduced the incidence of wound complications
compared with staples in lower gastrointestinal surgery
and the formation of hypertrophic scars in upper
gastrointestinal surgery, possibly because of the higher
number of events of those types in these types of
surgery, respectively.

Subset analysis showed that subcuticular sutures
resulted in significantly fewer wound complications in
some subgroups, such as lower gastrointestinal surgery,
longer operative time, and postoperative anticoagulant
therapy, and the frequency of wound complications in
almost all subsets of patients was lower in the subcuticular
sutures group than in the staples group.

It is reasonable to employ subcuticular sutures in other
types of gastrointestinal surgery, especially hepatobiliary or
pancreatic surgery, which exert extensive surgical stress
and are associated with large volumes of blood loss, long
operative times, and a high incidence of surgical site
infections.*? We did not include hepatobiliary or pan-
creatic surgery in this trial because they contain a wide
variety of surgical procedures and different levels of
surgical site infection rates. The results of our subset
analysis imply that subcuticular sutures could be applied
to other types of gastrointestinal surgery and might reduce
wound complications.®

We persuaded investigators to follow the US national
surgical infection prevention guidelines, which recom-
mend that antibiotic prophylaxis should be discontinued
within 24 h of surgery* As a result, 67-9% in the sub-
cuticular sutures group and 72-4% in the staples group
received prophylaxis with antibiotics for 1 day in this trial.
Compared with the result of a national cohort study in the
USA,* reporting that about 60% of patients who had major
surgery were still receiving antimicrobial prophylaxis at
24 h after surgery, our results were acceptable. We did not
find an imbalance between the groups.

Our study had several limitations. First, the absence of
masking could have biased the detection of wound
complications. However, assessment of surgical site infec-
tions was done by infection control personnel at the
participating institutions who did not have roles in trial
design or conduct. Detection of other wound compli-
cations was based on whether some treatment (dressing or
surgical intervention) for wound management was
documented in the medical record, which could minimise
bias. However, it was possible that the open nature of
our trial might have affected the findings. The Japanese
insurance system and common clinical practice permitted
examination of patients by responsible surgeons at
outpatient clinics 1 month and 6 months after surgery,
which allowed for accurate assessment of the wound even
though allocation was not masked.

Second, it has been reported that subcuticular sutures
for skin closure have advantages compared with staples
with regard to cosmetic considerations,** patient
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satisfaction,*® and wound handling.** Nevertheless, we
did not assess patients’ satisfaction, patients’ preference,
or potential overall effects on the health-care system, and
we did not use a validated scale to assess scars. We did
not directly compare costs either, but the price of one
stapling device and that of two packs of PDS-II sutures
were roughly the same and median operative time was
10 min longer in the subcuticular sutures group (table 1).

In conclusion, the efficacy of subcuticular sutures was
not validated as an improvement over a standard procedure
for skin closure after gastrointestinal surgery.

Contributors

TT and KY drafted the paper. TT designed the protocol. YD and MM
supervised the design of the trial and assisted with doing the trial. SK and
TS obtained and analysed the data. TT, KU, and TI were the main
investigators. All other authors participated in study conduct and
recruitment of patients.

Clinical Study Group of Osaka University on Risk Management

Hannan Chuo Hospital, Higashiosaka City General Hospital, Ikeda City
Hospital, Itami City Hospital, Kansai Rosai Hospital, Kinki Central
Hospital of the Mutual Aid Association of Public School Teachers,
Moriguchi Keijinkai Hospital, National Hospital Organization Kure
Medical Center, National Hospital Organization Osaka National
Hospital, Nishinomiya Municipal Central Hospital, Nissei Hospital,
NTT WEST Osaka Hospital, Osaka General Medical Center, Osaka
Medical Center for Cancer and Cardiovascular Diseases, Osaka Rosai
Hospital, Osaka Seamen’s Insurance Hospital, Osaka University,
Osaka-Kouseinenkin-Hospital, Otemae Hospital, Rinku General Medical
Centey, Sakal Municipal Hospital, Tane General Hospital, Toyonaka
Municipal Hospital, and Yao Municipal Hospital.

Conflicts of interest
We declare that we have no conflicts of interest.

1111

— 395 —



