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Table 2 Baseline hematological values and laboratory data

Variables

T2

T3 T4 P

WBC (/ul) '5,950 (3,500-12,000) 6,100 (1,300-9,800) 6,100 (2,200-13,200) 0.742
Neu (/ul) 3,955 (1,760-9,350) 3,990 (530-7,720) 4,280 (1,190-10,790) 0.361
Lym (/ul) 1,585 (720-2,990) 1,380 (480-3,250) 1,410 (620-2,510) 0.032
Mono (/ul) 295 (100-550) 290 (60-800) 270 (110-620) 0.202
Hb (g/dl) 13.65 (6.7-16.5) -12.8 (5.5-16.5) 12.3 (6.0-16.3) <0.001
Pt (x10*uD) 24.45 (9.7-41.4) 27.3 (8.0-51.2) 26.4 (15.3-56.5) 0.146
NLR 2.568 (0.863-5.927) 2.788 (0.898-13.542) - 3.322 (1.311-9.695) 0.004
CRP (mg/dl) 0.1 (0-6.1) 0.1 (0-5.7) 0.1 (0-104) 0.017
Alb (g/dl) 4.2 (3.2-4.8) 4.1 2.6-4.7) 4.0 (2.7-4.6) 0.063
PT (s) 11.4 (10.5-12.7) 11.5 (10.0-13.0) 11.4 (10.4-12.8) 0.07

APTT (s) 26.8 (21-38) 26.3 (21.0-40.0) 28.1 (21.0-43.0) 0.067
CEA (ng/ml) 2.9 (0.6-32.8) 2.9 (0.6-187) 2.1 (0.6-155.2) 0.029
CA19-9 (U/ml) 12 (1-139) 12.5 (0.1-412) 14.0 (0.1-633) 0.354

Values are median (range). Data for each T stage are shown. The significance was evaluated using the Kruskal-Wallis test
Neu neutrophil count, Lym lymphocyte count, Mono monocyte count, NLR neutrophil/lymphocyte ratio
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Fig. 1 ROC curve to assess the predictive value of the NLR in
determining the T4 stage is shown

Discussion

Blood samples were easily assessable and reliable factors
for preoperative prediction. In particular, NLR has been
reported to be a prognostic factor in gastric cancer patients
{15, 17, 20-22]. We analyzed the relationship between
NLR and tumor-related factors in patients with wall-
penetrating gastric cancer, for whom we sometimes need to
consider neoadjuvant therapies. A large phase II trial
demonstrated the efficacy of neoadjuvant chemotherapy in
similar patients who were estimated to be stage II or higher
with neither distant metastases nor locally advanced inop-
erable disease [5]. In the present study, NLR was correlated
with T stage rather than with the nodal status or the

@_ Springer

histological features. The result suggested that the tissue
damage and remodeling around invasive tumors had an
effect on the systemic inflammatory response. The prog-
nostic value of NLR in gastric cancer might depend on the
T stage. :

Neutrophils represent early acute inflammation and
migrate to the affected sites to neutralize and eliminate
potentially injurious stimuli [24]. Increased peutrophil
counts have been observed in patients with gastric cancer
[25]. Likewise, the production of tumor-promoting inflam-
matory chemokines and cytokines has been shown to
trigger the recruitment of myeloid cells to most tumors
related to inflammation, and gastric cancer cells overex-
press C-X-C motif chemokine ligand 8 (CXCLS, known as
IL-8), which induces migration of the chemokine receptor
CXCRI1 (also known as IL-8 receptor «) expressed on
neutrophils across the tumor site [25]. Recruited neutro-
phils, along with the tumor-associated macrophages
(TAM), have been shown to be a major source of matrix
metalloproteinase 9 (MMP9) in various murine tumor
models {26]. The prior partial degradation of the extra-
cellular matrix by MMPs allows cell infiltration into the
tissue [27]; in addition, vascular endothelial growth factor
A (VEGF-A), derived from TAM, mediates endothelial
cell mitogenesis and vascular permeability [28]. The
present study demonstrated a T-stage-dependent increase
in the neutrophil count in the peripheral blood (Table 2),
reflecting recruitment of neutrophils from the bone marrow
to the tumor site; however, no statistically significant dif-
ferences were observed.

The lymphocytopenia was presumably a part of an
immune-tolerated microenvironment around the tumor and
has been suggested as an independent prognostic factor in



World J Surg (2011) 35:2717-2722 2721
Table 3 Univariate and multivarjate logistic regression analyses to determine the risk of stage T4
Variables n Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) B P
Lym <1,000 (/ul) 41 1.673 (0.805-3.477) 0.168 - -~ -
Hb <13.0 (g/dl) 121 2.020 (1.126-3.624) 0.018 1.875 (1.005-3.500) 0.639 0.048
Plt >25.0 (x10*1) 142 1.291 (0.722-2.306) 0.389 - - -
CRP >1 (mg/dl) 20 2.377 (0.924-6.117) 0072 - - -
NLR >3.2 103 2.036 (1.139-3.639) 0.016 2.206 (1.187-4.100) 0.783 0.012
Alb <3.5 (g/dl) 24 2.146 (0.889-5.183) 0.090 - - -
PT >median 99 0.777 (0.403-1.403) 0.403 - - -
APTT >median 133 1.846 (0.990-3.442) 0.054 - - -
CEA >5 (ng/ml) 47 0.826 (0.384-1.773) 0.623 - - -
CA19-9 >37 (U/ml) 35 2.175 (1.020-4.640) 0.044 2.073 (0.918-4.679) 0.718 0.079
Poorly differentiated 143 3.061 (1.602-5.848) 0.001 3.134 (1.593-6.167) 1.144 0.001

The significance in univariate analysis was evaluated using y* and Fisher's exact tests. The significance in multivariate analysis was evaluated
using multiple logistic regression analysis. The regression coefficient B is also given

several cancers [18]. Interestingly, a significant decrease in
the lymphocyte count was also observed in a T-stage-
dependent manner (Table 2). This result indicated the
possibility that neutrophil-induced tissue damage and
remodeling around the tumor site contributed to the
establishment of the host’s adaptive immunity.

T4 disease has newly been defined in the 7th edition of
the UICC TNM classification as a tumor perforating the
‘serosa or invading adjacent structures [23], and includes
remodeling through all the gastric layers. In cases with T4
disease, the neutrophil counts reached their peak, while the
lymphocyte counts reached their nadir, yielding the maxi-
mum NLR (Table 2). An earlier study also reported a
consistent T-stage-dependent increase in NLR in gastric
cancer [20]. Furthermore, a high NLR, defined as >3.2 in
the present study, was an independent predictor of T4
disease according to multiple logistic regression analysis,
as was a decrease in the Hb and poorly differentiated tumor
histology. Anemia presumably reflected the blood loss at
the tumor site. CA19-9 was correlated with the T stage but
was not an independent predictive factor for T4 disease.
The histological differentiation grade was the most reliable
risk factor, but the histology of biopsy samples obtained
through endoscopic examination did not always match that
of the corresponding resected specimens. Although serum
CRP and Alb have been previously suggested as inflam-
mation-based prognostic factors in advanced cancers
[16, 29, 30], both were not meaningful predictive factors for
T4 disease. Therefore, the high baseline of NLR was sug-
gested as a valuable predictive factor for T4 disease, and its
predictive value was superior to serum tumor markers.

The clinical diagnostic accuracy rate for T4 disease was
50.3% in the present study. This low accuracy rate was
attributable to the conventional axial CT images without

gastric water filling or radiological examinations. Actually,
it was known that the clinical TNM staging of gastric
cancer before treatment was not in accord with pathologi-
cal staging in a substantial number of cases. Recently, the
accuracy of preoperative staging of gastric cancer was
improved by MDCT with multiplanar reconstruction
(MPR) images. The diagnostic accuracy of MDCT for T4
disease was reported to be up to 93% [8-11], and a pro-
spective study to confirm the reproducibility in a larger
sample is awaited. Though the NLR seems to add valuable
preoperative information to clinical TNM staging, the
utility of NLR still requires the comparison with novel
imaging modalities like MDCT before the introduction into
clinical practice.

In conclusion, we found NLR as an independent pre-
dictive factor for T4 disease to be superior to other serum
factors. The clinical utility of NLR still needs to be con-
firmed with prospective analysis.

Disclosure The authors have no conflicts of interest or financial ties
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Abstract

Purpose. We conducted this retrospective study to iden-
tify the influence of excess body weight on the surgical
outcome of total gastrectomy (TG) and to evaluate
recent advances in this operation.

. Methods. The subjects were 644 consecutive gastric
cancer patients who underwent TG between 1992 and
2008. Patients with a body mass index (BMI) of 25.0kg/
m’ or greater were defined as overweight (overweight
group) and those with a BMI less than 25.0kg/m” as not
overweight (non-overweight group).

Results. The operating times were longer (P = 0.005)
and intraoperative blood loss was greater (P < 0.001) in
the overweight group. The incidence of overall postop-
erative complications (P = 0.012) and of pancreatic
fistula (P < 0.001) were significantly higher in the over-
weight group. In recent years, we achieved a reduction
in operating time (P < 0.001), intraoperative blood loss
(P = 0.033), and incidence of pancreatic fistula (P =
0.005), while maintaining curability, in the overweight
group.

Conclusions. Although TG for gastric cancer is techni-
cally more difficult in overweight patients, they should
not be denied this operation. Conversely, we should
make a greater effort to improve the surgical outcomes
of overweight patients.

Key words Gastric cancer - Total gastrectomy - Over-
weight - Surgical outcome - Body mass index

Introduction

The proportion of obese and overweight people is
increasing steadily over the world." Once considered a
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Received: December 26,2009 / Accepted: April 4, 2010

problem only in high-income countries, it is now obvi-
ously rising in low- and middle-income countries. The
World Health Organization (WHO) highlights this
nutritional topic as one of the worldwide health crises.”
Although the prevalence of obesity in Japanese adults
has been low compared with that in Western countries,’
reports using data from the National Nutrition Surveys
of Japan show evidence of increasing numbers of over-
weight adults in Japan.* This tendency will certainly con-
tinue considering the growing excess fat intake and lack
of physical activity. Therefore, Japanese surgeons are
more and more often required to operate on overweight
patients.’

Chemotherapy can prolong the survival of patients
with advanced disease, but surgical resection remains
the most effective treatment for curable gastric cancer.’
Based on previous reports that extensive lymph node
dissection improved patient survival,”” gastrectomy
plus extended systematic lymphadenectomy (D2 resec-
tion) has long been the standard treatment in Japan.'
Despite a recent report indicating that sentinel node
navigation surgery may justify limited lymphadenec-
tomy for early disease,” removal of metastatic lymph
nodes is critically important. However, complete
removal of retroperitoneal lymph nodes is technically
difficult and not always without risk in overweight
patients.” Indeed, European studies have shown unfa-
vorable surgical outcomes, partly because of a signifi-
cantly higher prevalence of overweight patients.*™

Many investigators have found that overweight
patients are at risk of a poor outcome after intra-
abdominal surgery.**® On the other hand, there have
been remarkable advances in surgical techniques in
recent years.”® The purposes of this study were to iden-
tify the influence of an overweight state on surgical
outcomes and to evaluate recent surgical advances in
total gastrectomy (TG).
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Patients and Methods

Between August 1992 and December 2008, 905 consecu-
tive patients with gastric neoplasm underwent TG at the
National Cancer Center Hospital East, Chiba, Japan.
Among these 905 patients 892 had gastric cancer, 12
had malignant lymphoma, and 1 had a gastrointestinal
stromal tumor. Patients with gastric neoplasms other
than gastric cancer and those who underwent resection
for residual gastric cancer or palliative resection were
excluded from the analysis. Those who underwent other
pfocedures simultaneously, such as hepatectomy, colec-
tomy, portal vein resection, thoracotomy, or intra-
peritoneal chemotherapy, were also excluded (with the
exception of distal pancreaticosplenectomy or splenec-
tomy for gastric cancer and cholecystectomy). The
remaining 644 patients were grouped according to time
periods (1992-1999 and 2000-2008) for analysis (Fig. 1).

Each patient’s height and body weight was measured

preoperatively. Body mass index (BMI) was calculated
as weight in kilograms divided by the square of height
in meters (kg/m®), and categorized according to the
WHO cutoff points® as follows: underweight, <18.5kg/
m% normal range, 18.5-24.9kg/m’ preobese, 25.0-
29.9kg/m? obese class I, 30.0-34.9 kg/m?; obese class II,
35.0-39.9kg/m?* and obese class I11,40.0 kg/m? or greater.
We defined the non-overweight group as underweight
and normal range, and the overweight group as pre-
obese and obese classes I, II, and III. We then compared
the two groups.

All patients underwent open TG, performed or super-
vised by one of our staff surgeons with extensive

Total gastrectomy

(n=905) Excluded Malignant lymphoma
xclude (n=19)
Excluded |
| GIST (n=1) |
Gastric cancer
(n=892) ; ;
n : Excluded Residual gastric
| cancer
Primary gastric cancer (0=55)
(n=837)
T Excluded | Palliative resection
—— (n=113)
Curative resection y
=7
@ 124) Excluded | Simultaneous other
I procedures®
Enrolled in this study (n=80)
(n=644)

Fig. 1. Schematic flowchart of the enrolled patients. *Hepa-
tectomy, colectomy, portal vein resection, thoracotomy, and

intraperitoneal chemotherapy. GIST, gastrointestinal stromal
tumor
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experience in gastric surgery. We performed TG with
splenectomy (pancreas-preserving method'), Japanese-
style D2 lymph node dissection, and reconstruction with
Roux-en-Y esophagojejunostomy as the standard surgi-
cal procedure for advanced gastric cancer located in the
upper third of the stomach; TG without splenectomy for
early gastric cancer; and TG with pancreaticosplenec-
tomy for patients with direct invasion to the pancreas
or evident macroscopic lymph node metastasis along
the splenic artery.

All specimens were routinely sectioned, stained, and
checked for cancer progression by experienced patholo-
gists. Pathological stage was assigned according to the
Japanese classification of gastric carcinoma, second
English edition.”” Some patients with stage II or more
advanced disease received chemotherapeutic drugs as
adjuvant therapy, with or without inclusion in clinical
trials.® When tumor recurrence was discovered, the
patients were referred to clinical oncologists and usually
received chemotherapy.

Surgical outcomes included operating time, intraop-
erative blood loss, postoperative complications, postop-
erative hospital death, duration of hospital stay, and
survival time after surgery. Postoperative pancreatic
fistula was diagnosed when there was purulent discharge
containing necrotic debris from the drainage tube.
We included intra-abdominal abscess that might have
occurred from pancreatic juice leakage. Anastomotic
leakage was diagnosed by radiological examination
using orally administered contrast medium. Postopera-
tive hospital death was defined as death from any cause
within 30 days after surgery, or death within the same
hospital admission.

We used the chi-squared test or Mann-Whitney
U-test to evaluate differences in patient demographics.
Overall and cancer-specific survival curves were
obtained by the Kaplan-Meier method and compared
by the log-rank test. For all statistical tests, differences
with a P value of less than 0.05 were considered signifi-
cant. Data were analyzed with the statistical package,
Dr. SPSS II for Windows (SPSS Japan, Tokyo, Japan).

Results

Among the 644 patients, 65 (10.1%) were underweight,
480 (74.5%) were in the normal range, 95 (14.8%) were
preobese, and 4 (0.6%) were in obese class I. No patient
was in obese class II or III. Thus, 545 patients (84.6%)
were in the non-overweight group and 99 (15.4%) were
in the overweight group. The patient characteristics of
the two groups are shown in Table 1. The number of
patients with earlier stages of disease was significantly
higher in the overweight group than in the non-over-
weight group (P = 0.040). The incidence of diabetes
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Table 1. Clinical characteristics of the two groups of patients divided according to body mass index
Overweight (n = 99)

Non-overweight (n = 545)

Factor (BMI < 24.9) (BMI > 25.0) P value
Sex (male/female) 371/174 77122 0.054
Age (years) 62.0 £ 10.5 62.0+11.3 0.826
Pathological stage 0.040
1A 87 (16.0) 20 (20.2)
IB 91 (16.7) 23 (23.2)
I 115 (21.1) 18 (18.2)
IITA 112 (20.6) 19 (19.2)
I11B 81 (14.9) 15 (15.2)
v 59 (10.8) 4 (4.0)
Neoadjuvant chemotherapy 45 (8.3) 5(.1) 0.273
Diabetes mellitus 45 (8.3) 15 (15.2) 0.030
Operative procedure 0.384
TG without splenectomy 108 (19.8) 28 (28.3)
TG with splenectomy 394 (72.3) 59 (59.6)
TG with pancreaticosplenectomy 43 (7.9) 12 (12.1)
Values are expressed as mean + standard deviation
BMI, body mass index; TG, total gastrectomy
Table 2. Early surgical outcomes of the two groups of patients divided according to body mass index
Factor Non-overweight (n = 545) Overweight (n = 99) P value
Operating time (min) 245.1 +69.3 265.9 £ 74.1 0.005
Intraoperative blood loss (ml) 651.9 +454.4 951.6 + 664.8 <0.001
Postoperative complication 192 (35.2) 48 (48.5) 0.012
Pancreatic fistula 95 (17.4) 33 (33.3) <0.001
Anastomotic leakage 25 (4.6) 5(5.1) 0.501
Wound infection 22 (4.0) 6 (6.1) 0.250
Pneumonia 10 (1.8) 6 (6.1) 0.025
Postoperative hospital death 3 (0.6) 1 (1.0) 0.488
Postoperative hospital stay (days) 25.1+16.2 355+33.9 0.059

Values are expressed as mean * standard deviation

_ mellitus was significantly higher in the overweight group
than in the non-overweight group (P = 0.030). There
was no significant difference in operative procedures
between the groups (P = 0.384).

The early surgical outcomes of the two groups are
shown in Table 2. The mean operating time was approxi-
mately 20 min longer (265.9 vs 245.1min., P =0.005) and
the mean intraoperative blood loss was approximately
300ml greater (951.6 vs 651.9ml, P < 0.001) in the over-
weight group than in the non-overweight group. The
incidence of overall surgery-related complications was
significantly higher in the overweight group than in
the non-overweight group (48.5% vs 35.2%, P = 0.012),
mainly because of the higher incidence of pancreatic
fistula in the overweight group (33.3% vs 17.4%, P <
0.001). Mean postoperative hospital stay was approxi-
mately 10 days longer in the overweight group, but the
difference was not significant (35.5 vs 25.1 days, P =
0.059).

The overall survival curves of the two groups are
shown in Fig. 2. There was no significant difference in

survival among patients with stage IA (P = 0.281), IB
(P =0.766), I (P = 0.712), ITIIA (P = 0.238), or IIIB (P
= 0.829) disease between the two groups. In contrast,
patients in the overweight group had significantly worse
survival than those in the non-overweight group at stage
IV (P = 0.045). Similarly, cancer-specific survival did
not differ significantly for stage IA (P = 0.488),1B (P =
0.969), II (P = 0.879), IIIA (P = 0.368), or IIIB (P =
0.659) disease, although it was slightly better in the over-
weight group at stages 1A, IB, I, and IITA. All patients
with stage IV gastric cancer died of the disease; thus,
cancer-specific survival at stage IV was the same as
overall survival (P = 0.045). The number of patients who
died of comorbidity in the overweight group (11/99,
11.1%) exceeded that in the non-overweight group
(35/545, 6.4%), but the difference was not significant
(P =0.096). Overall and cancer-specific survival in the
overweight group at overall disease stages was better
than that in the non-overweight group, but the differ-
ence was not significant (P = 0.473, overall survival; P =
0.124, cancer-specific survival).
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The changes in intraoperative outcomes according to
BMI in two different periods are shown in Fig. 3. In
recent years, the operating time has become shorter (P
< 0.001, non-overweight group; P < 0.001, overweight
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overweight group; dashed line, non-overweight group. a P =
0281,b P=0.766,¢ P=0.712,d P=0238,e P=0.829,f P =
0.045 (log-rank test) ‘

group) and intraoperative blood loss has decreased (P
< 0.001, non-overweight group; P = 0.033, overweight
group) in both groups. Nevertheless, the differences in
operating time (P = 0.024, first period; P = 0.003, second
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Fig. 4a,b. Postoperative complications according to body
mass index in the early and latter periods of this study. a
Overall postoperative complications. *P = 0.021, 'P = 0.144,*P

period) and intraoperative blood loss (P = 0.002, first
period; P < 0.001, second period) between the groups
remain significant.

The changes in postoperative complications accord-
ing to BMI in the two different periods are shown in
Fig. 4. In recent years, the incidence of pancreatic fistula
has decreased significantly in the overweight group (P
= 0.005). Although the incidence of overall postopera-
tive complications and of pancreatic fistula in particular
were significantly higher in the overweight group in the
first period (P = 0.021, overall postoperative complica-
tions; P < 0.001, pancreatic fistula), the differences were
not significant in the second period (P = 0.144, overall
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= 0.123, *P = 0.090 (chi-squared test). b Pancreatic fistula. *P
<0.001,"P = 0.118,*P = 0.127, *P = 0.005 (chi-squared test)

postoperative complications; P = 0.118, pancreatic
fistula).

Discussion

There is much evidence that being overweight increases
the risk of cardiac gastric cancer, possibly caused by
higher abdominal pressure and the resulting gastro-
esophageal reflux.”” Indeed, the incidence of cardiac
cancer has gradually increased with the prevalence of
overweight adults in Western countries.” Although in
Japan most gastric cancers originate in the middle or
lower third of the stomach,” cancers originating in the

b

b
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cardiac area may increase in the future; hence, the
importance of TG globally is growing.

In Japan, gastrectomy with extended (D2) lymph
node dissection is the standard treatment for curable
gastric cancer.* However, excessive adipose tissue
makes this procedure more difficult.”” According to a
previous report, insufficient lymph node dissection in
overweight patients may leave metastatic nodes behind,
resulting in a poor prognosis.”® In the present study on
a large number of consecutive gastric cancer patients
who underwent TG with curative intent, a significant
difference in overall and cancer-specific survival rate
was observed between the overweight and non-over-
weight groups only for stage IV disease, for which the
sample size was too small for the result to be accepted.
Although we confirmed that the surgical technique for
lymph node dissection at our institution was acceptable
for overweight patients, because there was no statistical
difference in the survival rate and number of patients
who died of comorbidity, TG, which is a kind of weight-
reduction surgery, may prevent death from comorbidity
in overweight patients. Moreover, a better survival rate
after curative gastrectomy, especially for early-stage
gastric cancer, in overweight patients has been reported
recently.”’ It has also been speculated that overweight
patients who lose weight after gastrectomy may achieve
ideal body weight years after surgery, possibly resulting
in a better prognosis. Similarly, in the present study,
although the difference was not significant, both overall
and cancer-specific survival at all disease stages was
slightly better in the overweight group. Early surgical
outcomes have improved in recent years. We reduced
both the operating time and intraoperative blood loss
in both the overweight and non-overweight groups
because our surgical team gained enough experience in
gastric surgery to make our hospital become a high-
volume center. However, there was still a significant
difference between the groups because TG is techni-
cally more difficult in overweight patients.

Pancreatic fistula was the most frequent post-
operative complication in this study, especially in the

overweight group. Multivariate analysis in our previous .

study showed that BMI and operative procedure (pan-
creatic resection) were independent risk factors for pan-
creatic fistula." We have attempted to prevent pancreatic
fistula, using such means as total preservation of the
splenic artery in TG with splenectomy and by using a
linear stapling device to close the cut end of the pan-
creas in TG with pancreaticosplenectomy. The incidence
of pancreatic fistula decreased significantly in the over-
weight group in the latter years, so that the incidence of
postoperative complications in the overweight group
became as low as that in the non-overweight group.
There have been remarkable advances in surgical tech-
niques in recent years.
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The criterion for obesity or overweight is controver-
sial, as BMI does not necessarily measure the body
fat volume.”® Thus, a recent study revealed the utility
of abdominal imaging by multidetector-row computed
tomography,” another suggested waist circumference,”
and another advocated the waist-hip ratio.” We selected
BMI because. it is the most universally acknowledged
criterion,”” and data are readily available for routine
clinical use.

The difference in the prevalence and degree of “over-
weight” between Japan and Western countries limited
this study. Although we demonstrated the effectiveness
of our surgical techniques for overweight gastric cancer
patients in Japan, we could not establish whether they
would be effective for severely obese patients in Western
countries. )

In conclusion, we reduced the operating time, intra-
operative blood loss, and rate of postoperative compli-
cations while maintaining the curability of TG for gastric
cancer. Although TG is technically more difficult to
perform in overweight patients with gastric cancer, they
should not be denied this surgical treatment and we
should make more effort to improve their surgical
outcomes. :
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Objective: In comparison to single biliary cancers, distinct features of biliary multicentric ade-
nocarcinomas are not yet clear.
Methods: From July 1992 to July 2009, 393 patients underwent surgery for cancers of the
biliary tract at the National Cancer Center Hospital East, Kashiwa, Japan. Clinicopathological
characteristics and surgical outcomes of multicentric biliary adenocarcinoma were compared
with those of single cancers.
Results: During the period, 10 cases (2.5%) with multicentric cancer (6 synchronous and 4
metachronous cancers) were found among 393 cases of biliary cancer. Pathologically, com-
pared with single cancers, multicentric adenocarcinomas were more likely to be early cancers
and to be papillary carcinomas with both superficial epithelial tumor spread and extensive
dysplastic epithelium, but were less likely to have lymph node metastases (P < 0.01). The
" proportion of multicentric cancers among early papillary cancers was high (9/24, 37.5%).
Clinically, no recurrences were detected in lymph nodes, peritoneum or distant organs, but
one recurrence in the remnant bile duct. Only one patient died from cancer progression. The
overall survival of patients with muiticentric adenocarcinomas was statistically the same as
that of single cancers (median survival: 69 vs. 30 months, P = 0.47). '
Conclusions: Multicentric adenocarcinomas of the biliary tract have distinct features com-
pared with single cancers.

Kev words: multicentric adenocarcinoma — biliary tract — cancer — surgery

INTRODUCTION

Multicentric adenocarcinoma of the biliary tract is very rare.
Its highest reported incidence has been 3.7% (1). There have
been only a small number of anecdotal case reports regard-
ing clinicopathological characteristics and surgical outcomes
of multicentric adenocarcinomas of the biliary tract (1-8).
Some argue that pancreaticobiliary maljunction (PBM) is
associated with multicentric biliary adenocarcinoma, while
others do not (1—4,9). Okamoto et al. (10) reported that
papillary adenocarcinoma was associated with multicentric
cancer of the extrahepatic bile duct. However, the distinct
features of biliary multicentric adenocarcinoma are not clear
in comparison with single cases. In this analysis,

clinicopathological features and surgical outcomes of multi-
centric adenocarcinomas of the biliary tract are described,
especially in comparison with single cases. The purpose of
this study was: (i) to describe distinct clinicopathological
features of multicentric adenocarcinomas of the biliary tract;
(ii) to clarify long-term outcomes after surgery for biliary
multicentric adenocarcinomas; and (iii) to discuss surgical
treatment strategies for multicentric adenocarcinomas.

PATIENTS AND METHODS

From July 1992 to July 2009, 393 patients underwent
surgery for biliary tract cancers at the Department of

€ The Author (2011). Published by Oxford University Press. All rights reserved.
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Surgery, National Cancer Center Hospital East (NCCHE),
Kashiwa, Japan. Biliary tract cancers included intrahepatic
cholangiocellular carcinoma, extrahepatic bile duct carci-
noma, gallbladder carcinoma and papilla of Vater carcinoma.
Among those 393 consecutive patients, patients with multi-
centric adenocarcinoma, either synchronous or metachro-
nous, were enrolled in this study. Clinicopathological
characteristics and surgical outcomes of multicentric adeno-
carcinomas of the biliary tract were retrospectively analyzed
and compared with those of single lesions.

DEFINITION OF MULTICENTRIC ADENOCARCINOMA

Synchronous multicentric adenocarcinoma was defined as
multiple fesions without continuity between each other as
pathologically diagnosed from surgical specimens. Criteria
of metachronous multicentric adenocarcinoma were as
follows: (i) the first lesion was pathologically diagnosed
from a surgical specimen, (ii) the second lesion was patho-
logically or clinically diagnosed with an interval of more
than 5 years after the initial surgery, (iii) the second lesion
needed to be far away from the rescction margin of the
initial surgery. If the second lesion was diagnosed within
S years after the initial surgery or if it developed on the
resection margin of the initial surgery, recurrence, not multi-
centric adenocarcinoma, was diagnosed.

PATHOLOGICAL EXAMINATION

Each surgical specimen was examined by two independent
experienced pathologists at NCCHE. Each tumor was patho-
logically diagnosed according to the general rules of bile
duct cancer of the Japanese Biliary Association (I1).
Specifically, papillary adenocarcinoma was defined as tumor
cells proliferating and protruding with a fine fibrovascular
core; tubular adenocarcinoma was defined as tumor cells pro-
liferating with atypical tubular gland formation; and carly
cancer was defined as not invading beyond the fibromuscular
layer of the bile duct, the muscular layer of gallbladder or
the sphincter of Oddi at the papilla of Vater (11).

CLINICAL DiaGnosIS

Patients” data were reviewed by hepato-pancreatico-biliary
surgeons, medical oncologists and interventional radiologists
during a conference to determine trcatment strategies for
cach patient. When the second lesion of the metachronous
multicentric cancer could not be pathologically examined, it
was diagnosed clinically with the agreement at the above
conference. :

LONG-TERM QUTCOMES AFTER SURGERY

Recurrence and survival were compared between patients
with multicentric adenocarcinoma and those with a single

lesion. Recurrence was diagnosed by elevation of tumor

marker and radiological imaging studies such as computed
tomography (CT), magnetic resonance imaging, ultrasound
and cholangiography. Recurrence was analyzed in patients in
whom resection without any residual tumor (R0O) was
achieved according to the classification of the International
Union against Cancer (12). Location of recurrence was
divided into five sites as follows: remnant bile duct, lymph
node, local, peritoneum and distant organs (Fig. 1). Remnant
bile duct recurrence was defined as a recurrent tumor that
was with intraductal growth without peripheral soft tissue
change seen by CT. Remnant bile duct recurrence needed to
happen apart from the resection margin of the initial
surgery; otherwise, it was classified as local recurrence.
Local recurrence included anastomotic recurrence and soft
tissue recurrence in which soft tissue around original tumor
displayed increased density with contrast enhancement by
CT. If the recurrence developed on the anastomotic site, it
was considered to be local recurrence and not remnant bile
duct recurrence. Overall survival time was calculated after
the date of the initial surgery.

STATISTICAL ANALYSIS

All data were recorded in a database for analysis (Microsoft
Excel and SPSS 11.0 J for Windows). Differences between
numerical variables were analyzed by the Mann—Whitney
U-test and those between categorical variables were analyzed
by x statistics. Survival analyses were performed by using
the Kaplan—Meier method, and differences between the
curves were tested by using the log-rank test (SPSS 11.0 ]
for Windows). A P-value of <0.05 was considered statisti-
cally significant.

g liver) §
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Figure 1. Schematic drawing of five recurrent sites. The schema is the one
after pancreaticoduodenectomy with choledochojejunostomy.
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RESULTS

Among 393 consecutive patients who underwent surgery for
biliary tract cancers at NCCHE from 1992 to 2009, 10
patients (2.5%) were diagnosed with multicentric adenocarci-
noma in the biliary tract. Therefore, a total of 403 lesions
were included in this study. The focus of the lesions was as
follows: intrahepatic bile duct (# = 70), extrahepatic bile
duct (n = 177), gallbladder (n = 81) and papilla of Vater
(n = 75). Among those 403 lesions, 3 multicentric lesions
could not be pathologically examined at NCCHE. One of the
three lesions was pathologically diagnosed at a referral hos-
pital, and the other two lesions were clinically diagnosed at
a multidisciplinary conference by characteristic CT findings.
Among 10 cases with multicentric adenocarcinomas, 6 were
synchronous and 4 were metachronous; there were 7 male
patients and 3 female patients, and the median age was
71 years. Clinicopathological factors of the six patients with
synchronous multicentric adenocarcinomas are described in
Table | and those of the four patients with metachronous
multicentric adenocarcinoma are described in Table 2. All
multicentric lesions that were pathologically examined at
NCCHE (n = 17) were papillary adenocarcinomas or tubular
adenocarcinomas according to the general rules of bile duct
cancer of the Japanese Biliary Association (11). In particu-
lar, papillary adenocarcinoma was found in 12 of the 17
lesions and it was the dominant pathological type in 10
lesions. Depth of tumor invasion was within the mucosa
(n =15) or the fibromuscular layer (1 = 9), and only thrce
lesions invaded the subserosal layer. Lymph node metastasis
was identified in only one patient (Table 1, Case #1). A total
of 13 lesions exhibited superficial epithelial tumor spread

Jpn J Clin Oncol 2011;41(9) 1081

around the main focus of the lesion. Those superficial epi-
thelial tumor spreads were diffusely surrounded by dysplastic
mucosa. In synchronous multicentric cancers, there was no
continuity of the superficial epithelial tumor spread between
each lesion as in the definition, but dysplastic mucosa inter-
mittently and sometimes continuously extended between
each superficial epithelial tumor. A typical example of syn-
chronous multicentric adenocarcinoma (Table 1, Case #4) is
shown in Fig. 2.

Chronology of surgical outcomes is described in Fig. 3.
RO resection was achieved in all but one resection (Table 2,
first operation of Case #4). Among those 11 RO resections,
there were two recurrences (Table 1, Cases #1 and #6) and
three metachronous cancers (Table 2, Cases #1, #2 and #3).
One recurrence (Table 1, Case #6) developed in the remnant
bile duct and was treated with chemotherapy, and the other
(Table 1, Case #1) had local recurrence and was treated with
best supportive care. A total of two of the four metachronous
cases (Table 2, Cases #2 and #4) could not undergo the
second procedure due to multicentric second lesions (Case
#2) and advanced age (Case #4). These two cases were
treated with chemotherapy (Case #2) and best supportive
care (Case #4). There were a total of five deaths during the
follow-up period. One death was treatment-related (Table 2,
Case #3; post-operative liver failure), one was disease-related
(Table 1, Case #1; cholangitis caused by local recurrence),
two were due to chronic or emergent diseases (Table 1,
Cascs #1 and #4) and only one death was due to cancer pro-

gression (Table 1, Case #6; remnant bile duct recurrence

caused repeated obstructive cholangitis and was followed by
death from cancer progression).

Table 1. Clinicopathological findings of six paticnts with synchronous multicentric biliary adenocarcinoma

Casc Age/sex Procedure Tumor Histology/depth Superficial spread Recurrence Survival Cause of death
location and dysplasia

1 78/M EHBDR Gb tub2/ss + Local Dead (lyrlmo) Cholangitis
Bm tb2/ss +

2 TUF Ex.LHx Bm pap/fim + Alive (1yr7mo)
Bi pap/fm -

3 53/M EHBDR Bi tubl/fin - Alive (10mo)
Bm tubl/m -

4 73/M SSpPD Gn pap/ss + Dcad (2yr3mo) General malaise
Bi pap/fin +

5 70/M EHBDR Gn tub2 + pap/fin + Alive (2yr7mo)
C tubl/m -

6 72/M SSpPD C pap/fin + Remnant bile duct (Br) Dcad (1yrSmo) Cancer progression
Bi pap + tub2/fm +

EHBDR, extrahepatic bile duct rescction; Gb, gallbladder body; tub2, moderately differentiated tubular adenocarcinoma: ss, subserosal layer; yr, years; mo,
months; Bm, middle third of cxtrahepatic bile duct; Ex.LHx. cxtended left hemihcepatectomy: pap, papillary adenocarcinoma; fin. fibromuscular layer; Bi,
lower third of extrahcpatic bile duct; tubl, well-differentiated tubular adenocarcinoma; m, mucosal laycr; Gu, gallbladder neck; SSpPD, subtotal stomach

preserving pancreaticoduodencetomy; Br, right hepatic duct.
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1082 Surgery of multicentric biliary cancer

Table 2. Clinicopathological findings of four paticnts with metachronous multicentric biliary adenocarcinoma

Casc # Agcelsex Procedurce Tumor location Histology/depth Superficial spread and dysplasia Survival Causc of dcath
1 Ist 65/F LIx [HBD(Lt.lobc) NA/m NA Dcad (6yr9m) Pancreatitis
2nd 71 SSpPD Br pap/fm +
2 Ist 67/M Ex.LHx THBD(B2/3/4) pap -+ tubl/fim + Al?vc (8yrdm)
2nd 72 — THBD(multiple) NA NA
3 Ist 73/F Ex.LHx THBD(B4) pap/m -+ Dead (5yr9m) Liver failure
oad 78 AHx IHBD(BS) pap/m + ‘
4 Ist SO/M Ex.RHx Br tubl + pap/fm 4 Alive (9yr9m)
2nd 90 — [HBD(B4) NA NA

LHx, left hepatectomy: THBD, intrahcepatic bile duct; NA, not available; m, mucosal layer; SSpPD. subtotal stomach preserving pancreaticoduodencctomy: Br,
right hepatic duct; pap, papillary adenocarcinoma; fin, fibromuscular layer; Ex.LHx, extended left hepatectomy: B2/3/4, confluence of intrahepatic
subscgmental bile duct 2/3/4; pap, papillary adenocarcinoma: tubl, well-differentiated tubular adenocarcinoma: AHx, anterior scgmentectomy; Ex.RHx,
extended right hepatectomy.

k‘;
g T

Figure 2. A typical example of synchronous multicentric adenocarcinoma of the biliary tract [(a) macroscopic view, (b and ¢) stained with hematoxylin and
eosin, x 100 magnification]. (a) Extrahcpatic bile duct adenocarcinoma (*) and gallbladder adenocarcinoma (3%) were identificd synchronously. Each tumor
was accompanicd with supcrficial tumor spread (). Dysplastic mucosa (#) diffuscly surrounded the superficial tumor spread. (b) A pathological specimen of
the extrahepatic bile duct adenocarcinoma is shown. Tumor cells with a high nuclcar cytoplasm ratio proliferate and protrude with a finc fibrovascular core.
This lesion was diagnosed as papillary adenocarcinoma according to the general rules of bile duct cancer of the Japanese Biliary Association (11). The depth
of invasion was the fibromuscular layer. (¢) A pathological specimen of gallbladder adenocarcinoma is shown. Tumor cells proliferate and protrude with a finc
fibrovascular core. and this Icsion was diagnoscd as papillary adenocarcinoma as well. The depth of invasion was the subscrosal layer.

Clinicopathological and surgical outcomes were compared  significantly more frequent in multicentric cases (£ < 0.01),
between multicentric cases and single cases, as is seen in while lymph node metastasis was more frequently observed
Table 3. Papillary adenocarcinoma and carly cancer were in single cases (P =0.01). RO resection was achieved in
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Figure 3. Chronological outcomes of cach paticnt with multicentric
cancers. Development of recurrences, metachronous cancers and survival are
described chronologically. Each casc number corresponds to that of cach
table. Survival time (ycar) is calculated from the datc of initial surgery.

Table 3. Clinicopathological comparison between multicentric and single
cancers

Multicentric “Single cancers P valuc

cancers (casc = 10, (case = resection

resection = 12, = lcsion = 383)

lesion = 17)
Sex: male® 7 (70.0%) 226 (59.0%) 0.36
Age (years)" 72 (53-80) 67 (39-89) 0.11
CEA (ng/ml)h 2.7 (1.0-3.7) 2.8 (0.2—435) 0.32
CA19-9 (U/ml)® 34 (9-10,147) 58 (0-78,020) 0.55
Cancers in other organs® 2 (20.0%) 57 (14.9%) 0.46
Papillary carcinoma® 10 (58.8%) 63 (16.4%) <0.01
Early cancer® 14 (82.4%) 39 (10.2%) <0.01
LNMP® 1(8.3%) 188 (49.1%) <0.01
RO roscction® 11 (91.7%) 299 (88.1%) 0.32
Recurrence™® 2 (18.2%) 144 (48.2%) 0.55

CEA, carcino-cmbryonic antigen: CA19-9, carcino antigen 19-9: LNM,
lymph node mctastasis; RO, rescction without any residual tumor (12).
*The variable was compared among cach case (the number of multicentric
cascs was 10).

5The variables were compared among cach reseetion (the number of
resections in multicentric cases was 12).

“The variables were compared among cach lesion (the number of lesions in
multicentric cases was 17).

dRecurrence was analyzed in patients with RO resection (12).

about 90% of cases in both groups. Regarding recurrence
after RO resection among patients with multicentric adeno-
carcinoma, remnant bile duct recurrence was identified in
one patient and no recurrence developed in the lymph nodes,
peritoneum or distant organs as an initial site (Table 4). The
PBM was not identified among multicentric cases, whereas
there were five cases with PBM among single cases (P =
0.88).

A survival curve of patients with multicentric adenocarci-
noma was compared with that of single cases in Fig. 4. The
median survival time (MST) of multicentric cases was 69

Jpn J Clin Oncol 2011;41(9) 1083

Table 4. Comparison of initial rccurrence after RO rescction between
multicentric and single cancers (the number of RO resections was 11 in
multicentric cancers and 299 in single cancers as in Table 3)

Multicentric
cancers (n = 9)

Single
canccers (n = 35)

Early cancers (n = 44)

Remnant bile duct 1 (11.1%) 0
Lymph node 0 0
Local 0 0
Peritoncum 0 0
Distant organ 0 1 (2.9%)

Multicentric cancers Single cancers

(n=2) (n=1204)
' Advanced cancers (1 = 266)
Remnant bile duct 0 0
Lymph node 0 52 (19.7%)
Local 1 (50.0%) 22 (8.3%)
Peritoncum 0 29 (11.0%)
Distant organ 0 102 (38.6%)

RO, rescetion without any residual tumor according to the classification of
the International Union Against Cancer (12).

1.0 1 Sryear OS5 MST
= == Multicentrie 389% 69 months —,
vy & D (hAT
Single 34.5% 30 months —J, 047

0.8

0.4

Overall survival rates

0.2

0.0

A 0 15
Time after surgery (yeurs)

Figure 4. Comparison of survival curves of paticnts with multicentric ade-
nocarcinoma and single cascs. Overall survival (OS) of multicentric adeno-
carcinoma was not significantly different from OS of single cases (P =
0.47).

months [95% confidence interval (Cl): 9—129 months] and
30 months (95% Cl: 24—36 months) in single cases (P =
0.47). Three- and 5-year survival rates were both 54.9% in
multicentric cases and were 44.4 and 34.5% in single cases,
respectively. No statistical difference was identified between
multicentric cases and single cases (P = 0.47). The median
follow-up time was 22 months.
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DISCUSSION

Multicentric adenocarcinoma of the biliary tract is rare, and
there have been only several anecdotal case reports so far
(1—35). Clinicopathological characteristics of multicentric
biliary adenocarcinoma and long-term outcomes after
surgery have not been discussed in detail. In this analysis, 10
cases of multicentric adenocarcinoma were found among
393 consecutive cases of biliary adenocarcinoma. To the
best of our knowledge, this is the largest reported case
series. The incidence of multicentric adenocarcinoma was
2.5% (n = 10, 6 synchronous and 4 metachronous cases),
similar to previous findings of 3.7% (1).

Clinicopathological analysis has revealed that multicentric
adenocarcinomas of the biliary tract have distinct features
compared with other single cancers (Table 3).
Pathologically, multicentric adenocarcinomas were more
likely to be papillary adenocarcinomas and early cancers and
were less likely to have lymph node metastasis than single
cancers (P < 0.01). Among 72 lesions in which papillary
carcinomas were the dominant pathologic phenotype, 10
lesions (13.9%) were associated with multicentric cancers
(Table 5). Moreover, 9 of those 10 lesions were carly
cancers. The proportion of multicentric cancer among carly
papillary cancers was exceedingly high (9/24: 37.5%).
Therefore, in the case of papillary adenocarcinoma,
especially with early cancers, careful follow-up is necessary
after initial surgery for early detection of metachronous
cancer. Long-term follow-up is also important becausc many
metachronous cancers developed 5—10 years after the initial
surgery.

It is also noteworthy that most of the multicentric cancers
were associated with superficial epithelial tumor spread and
extensive dysplastic epithelium around the tumor (Tables |
and 2 and Fig. 2). Rougemont et al. (13) recently reported a
case of multifocal carly intrahepatic cholangiocellular carci-
noma in extensive biliary dysplasia. Extensive dysplasia in

Table 5. Comparison of clinicopathological characteristics of papillary
adenocarcinoma between multicentric and single cancers (the number of
papillary adenocarcinoma lesions was 10 in multicentric cases and 62 in
single cases)

Multicentric lesions  Single fesions P value
(n=10 (n=62)
Early cancers 9 15 <0.001
Lymph node merastasis 0 18 0.047
RO rescetion 10 32 0.20
Reeurrence
Remnant bile duct 2 0 0.017
Local 0 2 0.74
Lymph node 0 7 0.34
Peritoncum 0 5 0.47
Distant organ 0 16 0.07

the background biliary epithelium suggests that multicentric
adenocarcinomas might arise from the carcinogenetic back-
ground epithelial dysplasia. These multicentric cancer cases
were consistent with the proposition by Nakanuma and Zen
in which cholangiocellular carcinomas develop with a multi-
step progression from low-grade biliary intraepithelial dys-
plasia to high-grade dysplasia and carcinoma in situ (14—
16). Hyperplasia—dysplasia—carcinoma sequence in a multi-
step carcinogenesis of the biliary tract has been proposed
(6,9,13—17). Therefore, multicentric adenocarcinoma of the
biliary tract can be used to investigate morphological and
genetic alterations in carcinogenesis.

Long-term outcomes of multicentric cancers were also
very unique. It is remarkable that only one patient with mul-
ticentric adenocarcinoma died from cancer progression,
although overall survival was not statistically different
between multicentric cases and single cases (P = 0.47).
Long-term survival can be expected after surgery in patients
with multicentric biliary adenocarcinoma. Considering recur-
rence, it should be noted that remnant bile duct recurrence
developed in a patient with synchronous multicentric cancer
despite RO resection (Table 1, Case #6). This recurrence
might be considered to be metachronous tertiary cancer even
though it developed within 2 years after the prior surgery.
Surgical indications for metachronous lesions can be the
same as for single lesions because multicentric cancers are
likely to be early cancers without lymph node metastasis.
Previous reports have demonstrated initial experiences of
safety after aggressive repeated resection for metachronous
cancer of the biliary tract (6—8,18,19). Repeated resection
for metachronous lesions might improve survival of those
patients. However, reoperation is technically demanding
because initial surgery is likely to be pancreaticoduodenect-
omy or major hepatectomy with biliary reconstruction. In
this analysis, one patient (Table 2, Case #3) died after the
repeated resection because of post-operative liver failure.
Liver function reserve should be critically examined before
reoperation, especially after initial hepatectomy. Careful
perioperative management is essential for reoperations.
Further case accumulation is necessary to clarify the safety
and efficacy of repeated resection for metachronous cancer.

A main limitation of this analysis was that it was a single
institutional study and the number of cases could be larger.
Further observation is necessary to draw a firm conclusion,
especially regarding the safety and effectiveness of aggres-
sive repeated resection for metachronous lesions of the
remnant bile duct.

In conclusion, the present study has several important
findings regarding the distinct features of multicentric adeno-
carcinoma of the biliary tract:

Pathologically, multicentric adenocarcinoma is more
likely to be early cancer and papillary carcinoma with super-
ficial epithelial tumor spread and extensive dysplastic epi-
thelium, but less likely to have lymph node metastasis.

Multicentric adenocarcinomas can develop remnant bile
duct recurrence (or tertiary cancer) despite R0 resection.
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Thirty-seven percent of early papillary adcnocarcinomas
were associated with multicentric cancer. Close and long-
term follow-up of patients with multicentric cancer and early
papillary cancer is very important for early detection of
metachronous lesions.

Since multicentric cancer is likely to be early cancer
without lymph node mectastasis, aggressive repeated resection
of the metachronous lesions might improve survival of patients
with multicentric adenocarcinoma of the biliary tract. Careful
perioperative management is essential for rcoperations.
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Abstract

Background Borderline resectable pancreatic cancer
(BRPC) appears to be most frequently related to a positive
suréical margin and has a poor prognosis after resection.
However, few reports are available on differences in tumor
characteristics and prognoses among resectable pancreatic
cancer (PC), BRPC, and unresectable PC.

Methods Records of 133 patients resected for pancreatic
ductal adenocarcinoma and 185 patients treated as locally
advanced PC (LAPC) were reviewed.

Results Twenty-four patients who initially underwent
resection (BRPC-s) and 10 patients who were initially
treated as LAPC (BRPC-n) met the criteria for BRPC.
Prognosis of BRPC was significantly better than that of
unresectable PC, but was significantly worse than that of
resectable PC. BRPC-s showed more frequent nerve plexus
invasion (P < 0.01), portal vein invasion (P < 0.01), and
loco-regional recurrence (P = 0.03) than resectable PC.
The positive surgical margin rate was not significantly
higher in BRPC-s (29%) than in resectable PC (19%)
(P =041).
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Conclusions BRPC had a poorer prognosis with more
local failure than resectable PC although prognosis of
BRPC was significantly better than that of unresectable PC.
Considering the tumor and treatment characteristics, mul-
tidisciplinary treatment including resection is required for
BRPC.

Keywords Pancreatic cancer - Resection - Borderline
resectable pancreatic cancer

Introduction

Borderline resectable pancreatic cancer (BRPC) is a newly
proposed category that is now being established [1-4].
BRPC tumors can be understood radiologically and tech-
nically as an intermediate stage between resectable tumor
and locally advanced tumor. These tumors are often treated
as resectable in some specialized centers, but are more
likely to be removed with positive surgical margins, with
positive margins generally being predictive of decreased
survival [5, 6]. Multidisciplinary treatment for BRPC
aiming to improve surgical resectability and prognosis is
thought to be a promising strategy [7]. The surgical
oncology group of the MD Anderson Cancer Center pro-
posed neoadjuvant chemotherapy and chemoradiation for
BRPC patients, and they reported favorable outcomes, with
a low positive surgical margin rate and relatively long
survival after the combined modality treatment [1, 2]. In
the report of the AHPBA/SSO/SSAT Consensus Confer-
ence, it was recommended that BRPC patients should be
studied separately from those with resectable PC or unre-
sectable PC [7].

However, little information is available on the differ-
ences in patient demographics and surgical results,
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including prognosis and positive surgical margin rate,
between resectable PC and BRPC that might support a
rationale for selective neoadjuvant therapy for BRPC
patients. Furthermore, prognosis of BRPC patients initially
treated with nonsurgical treatment such as chemotherapy or
" chemoradiotherapy has not been well documented.

The objective of this paper was to investigate clinico-
pathological factors and prognosis in patients with resected
BRPC and to compare the above factors between patients
with resected BRPC and those with resectable PC. We also
compared outcomes between BRPC and unresectable PC to
assess prognostic significance of surgical resectability in
PC patients initially treated with nonsurgical treatment for
local development of the tumor.

Methods
Definition of BRPC

BRPC was defined in this study according to the criteria for
resectability status in the “NCCN Practice Guidelines in
Oncology” {4]. Namely, the criteria for BRPC were as
follows: (1) severe superior mesenteric vein (SMV)/portal
impingement; (2) <180° tumor abutment on the superior
mesenteric artery (SMA); (3) abutment or encasement of
the hepatic artery, if reconstructible; and (4) SMV occlu-
sion, if of a short segment, and reconstructible. In this
study, in terms of SMV/portal impingement, only patients
with bilateral SMV/portal impingement were included.

Patient population

A total of 133 patients who had undergone surgical
resection for pancreatic ductal adenocarcinoma at the
National Cancer Center Hospital East between January
2002 and December 2008 were examined retrospectively.
No patients received neoadjuvant chemotherapy or che-
moradiation. According to staging by multidetector-row
computed tomography (MDCT) findings, 24 patients met
the criteria for BRPC, and the remaining 109 patients had
resectable pancreatic cancer. The 24 BRPC patients who
were initially treated with resection were classified as
BRPC-s.

In order to find BRPC patients who had been initially
treated with nonsurgical therapy, resectability status of a
total of 185 patients who were treated as locally advanced
pancreatic cancer (LAPC) between January 2002 and
December 2008 was examined. According to staging by
MDCT findings, 10 patients met the criteria for BRPC, and
the remaining 175 patients had unresectable pancreatic
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cancer. The 10 BRPC patients who were initially treated
with nonsurgical therapy were classified as BRPC-n. For
treatment of the 10 BRPC-n patients, chemotherapy was
performed in 7 and concurrent or sequential chemoradio-
therapy in 3. For treatment of the 175 unresectable PC
patients, chemotherapy was performed in 120 patients,
radiotherapy in 2, and concurrent or sequential chemora-
diotherapy in 53. After initial therapy, surgical resection
was performed in 2 patients out of the 10 BRPC-n patients,
and 3 out of the 175 unresectable patients.

All patients had a confirmed pathological diagnosis as
pancreatic ductal adenocarcinoma.

Operative procedure

Patients with ductal adenocarcinoma of the head of the
pancreas typically underwent subtotal stomach-preserving
pancreaticoduodenectomy, and those with ductal adeno-
carcinoma of the body or tail underwent distal pancrea-
tectomy. All patients underwent dissection of lymph
nodes, including nodes along the common hepatic artery
(CHA) and SMA and the regional lymph nodes around
the pancreas, while patients with pancreatic head cancer
underwent dissection of the lymph nodes in the hepa-
toduodenal ligament in addition. Dissection of para-aortic
lymph nodes was not routinely performed. The operative
procedure generally included resection of the nerve
plexus around the SMA (half on the tumor side), the
nerve plexus around the CHA, and the celiac plexus.
When the portal vein (PV) or SMV was involved, PV/
SMV resection was performed if reconstructible. How-
ever, when the SMA, CHA, or celiac axis was defini-
tively involved at operation, the tumor was considered
unresectable, unless distal pancreatectomy with celiac
axis resection for pancreatic body cancer that involved
the celiac axis or the proximal part of the CHA could be
performed for curative intent. Intraoperative pathological
assessment of the pancreatic cut end margin was per-
formed using frozen tissue sections. If the cut end margin
was positive for adenocarcinoma, further resection of the
pancreas was performed.

CT examination

All images were viewed on soft-tissue windows of MDCT.
Two-phase abdominal contrast-enhanced CT (arterial and
portal venous phase) was performed with 16-slice MDCT
scanner in all patients before initial treatment. Images were
reconstructed at 2-mm intervals using a standard soft-tissue

algorithm. For interpretation of CT images, axial images

were mainly assessed, but oblique-coronal MPR images
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were assessed concurrently whenever available. All inter-
pretations in terms of resectability were made by experi-
enced surgeons and a radiologist according to the
aforementioned criteria for BRPC.

Pathology investigations

Each resected pancreatic specimen was examined histo-
logically for the histological type, tumor size, arterial
invasion, PV invasion, nerve plexus invasion, bile duct
invasion, duodenal invasion, serosal invasion, retroperi-
toneal invasion, nodal status, and margin status. Histo-
logical diagnosis was performed according to the TNM
classification system of malignant tumors published by
the International Union Against Cancer (UICC); 6th
edition [8]. :

Postoperative adjuvant chemotherapy

No patients received postoperative adjuvant chemother-
apy until 2007. Since 2007, 35 patients have received
adjuvant chemotherapy consisting of three weekly intra-
venous infusions of gemcitabine 1,000 mg/m* followed
by a 1-week pause for 6 months. Alternatively, 80 mg/m*
of oral S-1 was given for 4 weeks, followed by a 2-week
pause, for 6 months in 10 patients on a protocol designed
for patients after resection of pancreatic adenocarcinoma.

Survival

Patients were followed regularly at 3-month intervals
with blood testing and MDCT. Survival and follow-up
were calculated from the time of the operation to the date
of death or last available follow-up, and for LAPC
patients, from the time of beginning first treatment.
Cause of death and recurrence status were recorded. The
survivors’ median follow-up time after surgery was
26.4 months.

Statistical analysis

The y* test and Student ¢ test were used for univariate
comparisons of clinicopathological factors except preop-
erative CA 19-9 level between subgroups based on
resectability status. Mann-Whitney’s U test was used to
compare preoperative CA 19-9 level between subgroups.
Analyses of survival were performed using the Kaplan—
Meier method [9], and differences between the curves were
tested using the log-rank test. Factors related to survival
were analyzed with the Cox proportional hazards regres-
sion model [10]. A P value of <0.05 was considered sig-
nificant. Statistical analysis was performed using SPSS
version 17.0 software (SPSS, Chicago, IL, USA).

Results
MDCT findings for BRPC

During the period of this study, 24 of the 133 patients who
initially underwent surgical resection for pancreatic ductal
adenocarcinoma (i.e., BRPC-s) and 10 of the 185 patients
who were initially treated as LAPC (i.e., BRPC-n) met the
criteria for BRPC. Bilateral SMV/portal impingement was
recognized in 11 patients (Fig. la, b), tumor abutment on
the CHA in 7 (Fig. 1c), tumor abutment on the SMA in 16
(Fig. 1d), and tumor abutment on the celiac axis in 7.

Clinicopathological features of patients with BRPC

Table 1 summarizes the clinicopathological features of
patients with resectable PC, BRPC, and unresectable PC.
Tumor located in the head of the pancreas was significantly
more frequent in patients with resectable PC than in those
with BRPC (P < 0.01). Tumor size of BRPC was signifi-
cantly greater than that of resectable PC (P < 0.01) and
was significantly smaller than that of unresectable PC
(P < 0.01). Preoperative CA 19-9 value seemed to increase
as tumor resectability status progressed, but the differences
were not significant.

Moreover, detailed pathological analyses were per-
formed between resectable PC and BRPC-s. Tumor size of
BRPC-s was 3.3 cm and tended to be greater than that of
resectable PC (P = 0.16). Invasion of the artery, the PV,
and the nerve plexus was seen in 14, 32, and 33 out of 109
resectable PC patients, and in 4, 14, and 18 out of 24
BRPC-s patients. Invasion of the PV and the nerve plexus
was observed more frequently in BRPC-s than in resectable
PC (P < 0.01). There was no significant difference in
status of arterial invasion and invasion to other organs
between the two subgroups. Patients with N1 were more
frequently seen in BRPC-s patients (rn = 21) than in
resectable PC patients (n = 81), but the difference was not
significant (P = 0.19). According to the TNM system [8],
1, 22, and 1 patients were diagnosed with stage I1A, IIB,
and III disease, respectively, in BRPC-s patients, while 3,
25, 80, and 1 patients were diagnosed with IB, IIA, IIB, and
10T disease, respectively, in resectable PC patients.

Surgical resections of BRPC

In the BRPC-s group, subtotal stomach-preserving pan-
creaticoduodenectomy was performed in 15 patients, distal
pancreatectomy in 4, distal pancreatectomy with celiac axis
resection in 4, and total pancreatectomy in 1. In the 24
BRPC-s patients, 14 underwent SMV/PV resection, and 4
underwent celiac axis/CHA resection without reconstruc-
tion. The colon, jejunum, left adrenal gland, and left kidney

_@ Springer



