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ORIGINAL ARTICLE

Impact of Operative Blood Loss on Survival in Invasive
Ductal Adenocarcinoma of the Pancreas

Shunji Nagai, MD, PhD,* Tsutomu Fujii, MD, PhD,* Yasuhiro Kodera, MD, PhD,*
Mitsuro Kanda, MD, PhD,* Tevfik T. Sahin, MD,* Akiyuki Kanzaki, MD,* Suguru Yamada, MD, PhD,*
Hiroyuki Sugimoto, MD, PhD,* Shuji Nomoto, MD, PhD,* Shin Takeda, MD, PhD,*
Satoshi Morita, PhD,T and Akimasa Nakao, MD, PhD*

Objectives: The aim of this study was to determine the prognostic
factors and assess the impact of excessive operative blood loss (OBL)
on survival after pancreatectomy for invasive ductal adenocarcinoma.
Methods: From the retrospective analysis, 271 patients were eligible
for evaluation. Overall survival was assessed to clarify the prognostic
determinants, including patient characteristics, perioperative factors, and
wmor characteristics, :

Results: The overall survival was significantly affected by the amount
of OBL. The median survival times were 26.0, 15.3, and 8.7 months for
OBL less than 1000, 1000 to 2000, and greater than 2000 mL, respec-
tively (<1000 vs 1000-2000 mL, P = 0.019; 1000-2000 vs >2000 mL,
P < 0.0001). Operative blood loss greater than 2000 mL remained an
independent prognostic factor in multivariate analysis (P = 0.003;
hazards ratio, 2.55). Operative blood loss of 2010 mL was found to be
an appropriate cutoff level to predict carly mortality within 6 months
after resection (sensitivity, 0.660; specificity, 0.739). Male sex, year of
resection, and plexus invasion were independently associated with OBL
greater than 2000 mL.

Conclusions: Excessive OBL was found 1o be a prognostic determi-
nant of survival after surgery for pancreatic cancer. Operative blood loss
can be used to stratify the risk for pancreatic cancer mortality. Success-
ful curative resection with limited blood loss can contribute to improved
survival.

Key Words: pancreatic cancer, operative blood loss, postoperative
complication, blood transfusion, prognostic factor

Abbreviations: OBL - operative blood loss, DGE - delayed gastric
emptying, ROC - receiver operating characteristic, MST - median
survival time, HR - hazards ratio

(Pancreas 2011;40: 3-9)

ancreatic cancer is one of the most difficult malignancies

to cure. Curative resection is considered to be the most im-
portant factor for determining the outcome in patients with
pancreatic adenocarcinoma.'? Notably, surgical resection is su-
perior to chemoradiation for locally invasive pancreatic cancer
without distant metastases or major arterial invasion and im-
proves survival.
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The following factors have been reported to be associated
with overall survival in pancreatic cancer: patient demographics
such as age and sex; histopathologic factors such as tumor size,
differentiation, blood vessel or neural invasion, lymph node
status, and resection margins; and perioperative factors such
as type of resection, operative blood loss (OBL), red blood cell
transfusion, operation time, era of resection, and chemother-
apy.*"'® Operative blood loss and red blood celi transfusion are
also significant prognostic determinants for other cancer types,
such as hepatocellular carcinoma and gastric cancer.'®'” Pan-
createctomy is one of the most difficult and challenging opera-
tions and sometimes leads to massive blood loss and prolonged
operation time. Thus, it seems to be very important to better
understand the effect of surgical stress on survival in pancreatic
cancer. Although OBL has been proposed as a prognostic factor
in several studies of pancreatic cancer,>”'" no study has demon-
strated a stvatified risk for cancer morntality for OBL. Further-
more, to the best of our knowledge, no studies have determined
whether the amount of OBL may be associated with early cancer
mortality.

This was a retrospective study to identify prognostic factors
after curative resection of pancreatic cancer. The experience of
the large, single-center is favorable for this type of analysis, be-
cause experienced surgeons regularly perform pancreatectomies
and the postoperative course is under a well-organized perio-
perative management protocol, which means that there should
be little bias regarding treatments. The aim of this study was to
detect prognostic factors through comprehensive evaluation,
focusing on perioperative factors, particularly OBL. In addition,
we wished to statistically clarify the negative impact of OBL on
carly cancer mortality and determine whether there is a threshold
value for increasing the risk of early cancer mortality.

MATERIALS AND METHODS

Patient Selection

Between July 1981 and June 2009, there were 614 operative
cases of invasive ductal adenocarcinoma of the pancreas at the
Department of Surgery 11, Nagoya University, and 416 patients
underwent curative resection. The medical records of these
patients were reviewed retrospectively. Afier resection, the patients
were calegorized based on the International Union Against Can-
cer classification system, sixth edition.'® Patients at stages 111 and
IV were considered inappropriate for this analysis because the
influence of invasion to the celiac or superior mesenteric artery
would likely mask other factors. Therefore, 104 patients at stage
I or 1V were excluded from this study, and the remaining
312 patients (204 males and 108 females) were evaluated. After
analyzing the operational and anesthetic records, 41 patients were
excluded because of insufficient data. Thus, 271 patients were
finally included in this study.
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Pancreatectomy and Perioperative Management

Pancreatic head resection, including pancreaticoduodenec-
tomy and pylorus-preserved pancreaticoduodenectomy, distal
pancreatectomy, or total pancreatectomy was performed based
on tumor location and the extent of invasion. Portal resection
was performed in combination with standard pancreatectomy in
patients with possible or definitive tumor invasion. Operative
blood loss was calculated by adding the contents of suction con-
tainers to the weight of laparotomy sponges at the end of each
surgical procedure. Unless contraindicated by the patient’s con-
dition, or for another reason, adjuvant chemotherapy was applied
for all patients using a treatment regimen based on the protocols
available at the time of treating each patient. Chemotherapeutics
consisted of 5-fluorouracil or gemcitabine. Postoperative compli-
cations occurting during hospitalization were evaluated based on
a modified Clavien grading system: grade 1, deviation from the
normal postoperative course without the need for therapy; grade
2, complications requiring pharmacologic treatment; grade 3,
complications requiring surgical, endoscopic, or radiologic in-
tervention (3a/b: without/with gencral anesthesia); grade 4, life-

threatening complications requiring intensive care; and grade 5,
death.”®?® To estimate pancreatic fistula, the classification of
the International Study Group of Pancreatic Fistula was applied,
and grade B (fistula requiring therapeutic intervention) or higher
was regarded as significant.”’ The diagnosis of delayed gastric
emptying (DGE) was based on the classification of the Inter-
national Study Group of Pancreatic Surgery, and grade B or
higher was regarded as significant.?

Potential Prognostic Factors

Potential prognostic factors included patient characteristics
and perioperative factors. Perioperative factors included type of
resection, operation time, OBL, and intraoperative red blood cell
transfusion. The effects of intraoperative radiation therapy and
adjuvant chemotherapy on survival were also evaluated. Because
tumor characteristics may affect overall survival or perioperative
morbidity, all resected tumors were analyzed histopathologically
and evaluated as potential prognostic factors. Resection margin
and invasion of the portal vein system, arterial system, and
extrapancreatic nerve plexus were determined microscopically.

TABLE 1. Univariate Log-Rank Analysis of Patient Characteristics and Perioperative Factors

No. Patients 1-Year, % 3-Year, % MST, mo P

Overall 271 59.9 22.3 14.6
Age (mean + SD, 63.3 £ 9.1), yr

<70 196 63.7 24.6 15.7

>70 75 47.9 14.6 11.2 0.187
Sex

Male 173 58.7 19.0 14.5

Femalc 98 62.2 29.1 14.7 0.432
Type of resection*

Pancreatic head resection 198 60.5 237 15.3 0.010

Distal pancreatectomy 48 70.2 19.0 16.5 0.024

Total pancreatectomy 25 340 17.0 8.6
Operation time (mean, 7.7 £ 2.1), h

<8 149 66.9 30.8 21.1

>8 122 53.1 13.9 12.8 0.014
OBL (mean, 1693 = 1734), mL!

<1000 102 82.0 35.6 26.0

£000-2000 102 58.9 23.5 15.3 0.019

>2000 67 329 52 8.7 <0.0001
Red blood cell transfusion

Yes 104 41.3 11.3 10.7

No 167 74.3 311 237 <0.0001
Adjuvant chemotherapy ]

Yes 158 71.1 22.7 19.2

No 90 40.9 20.0 9.9 0.003
Intraoperative radiation therapy

Yes 163 59.6 14.3 15.2

No 108 61.1 36.6 14,6 0.068
Year of resection?

1981-1990¢ 25 28.0 16.0 8.6 0.004

1991-2000 75 59.5 18.0 14.0 0.153

2001-2009 171 66.7 22,6 17.9

*P values for pancreatic head resection versus total pancreatectomy and distal versus total pancreatectomy.
*p values for less than 1000 versus 1000 to 2000 mL and 1000 to 2000 versus Greater than 2000 mL.
3P values for 1981-1990 versus 2001-2009 and 1991-2000 versus 2001-2009.

MST indicates median survival time.
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impact of Blood Loss on Pancreatic Cancer Survivaf
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FIGURE 1. Overall survival of patients classified according to
OBL. The patients were classified into 3 groups according to OBL
of less than 1000 mL (n = 102; A), 1000 to 2000 mL {n=102; B),
and greater than 2000 mL (n = 67; C). The MSTs were 26.0,

15.3, and 8.7 months, respectively.

The impact of each factor on survival was evaluated to deter-
mine independent prognostic factors. In addition, the possible
risk factors related to excessive blood loss were assessed. Any
deaths occurring during hospitalization and deaths related to
complications were excluded from the survival analysis because
the purpose of this study was elucidating the negative effect of
OBL on recurrence of cancer; only cancer-related deaths were
included in the survival analysis.

Statistical Analysis

The overall survival rates were estimated using the Kaplan-
Meier method, and the differences in the survival curves were
analyzed using a log-rank test. Multivariate analysis was per-
formed using the Cox regression model, which included vari-
ables with a log-rank test P value of less than 0.05 as covariates
in the final model. The outcome was total mortality, excluding
deaths attributed to complications. To analyze the risk factors
related to excessive OBL, differences in the numerical data be-
tween the 2 groups were examined using a x* test for univariate
analysis and logistic regression analysis for multivariate analy-
sis. Receiver operating characteristic (ROC) curve analysis was
performed to estimate the cutoff level for early mortality after
pancreatectomy. To detect the cutoff level, we analyzed the point
of intersection of the ROC curve and the 45-degree line crossing
from the right upper to the left lower comer and detected the
intersection point closest to the left upper corner. Data are shown
as means * SD or medians with 95% confidence intervals. The
software package SPSS (version 16.0; SPSS Japan Inc, Tokyo,
Japan) was used for statistical analysis, and the level of signifi-
cance was set at £ < 0.05.

RESULTS
The patient characteristics are summarized in Table 1. The
mean age was 63.3 + 9.1 years, and 75 (27.7%) of 271 patients
were older than 70 years. The mean operation time and OBL
were 7.7 * 2.1 hours and 1693 + 1734 mL, respectively. The
MST was 14.6 months (range, 12.8~16.5 months), with 1-, 3-
and 5-year survival rates of 59.9%, 22.3%, and 13.5%, respec-

© 2011 Lippincou Williams & Wilkins

tively. Adjuvant chemotherapy was indicated in 158 patients, and
intraoperative radiation therapy was performed in 163 patients.

Evaluation of Prognostic Factors for
Total Mortality

In univanate analyses, OBL, operation time, intraoperative
red blood cell transfusion, adjuvant chemotherapy, and year of
resection were significant prognostic factors (Table 1). Patients
were classified into 3 groups according to OBL. Of the 271
patients, the OBL was less than 1000, 1000-2000, and greater
than 2000 mL in 102, 102, and 67 patients, respectively. The
overall survival rate decreased significantly with increasing blood
loss (Fig. 1). The MSTs for OBL of less than 1000, 1000-2000,
and greater than 2000 mL were 26.0, 15.3, and 8.7 months, re-
spectively (<1000 vs 1000-2000 mL, P = 0.019; 10602000 vs
>2000 mL, P < 0.0001; <1000 vs >2000 mL, P <0.0001). When
the patients were classified into 2 groups according to operation
time of less than 8 hours (n = 149) and longer than 8 hours
(n = 122), the MST was significantly shorter in the longer-than-
8-hour group than in the less-than-8-hour group (12.9 vs
21.1 months, P = 0.014). The MST for patients with red blood
cell transfusion versus those without was 10.7 versus 23.7 months
(P < 0.0001).

We also evaluated the association between tumor character-
istics and survival, Tumor size larger than 2 cm (P = 0.0009), not

TABLE 2. Univariate Log-Rank Analysis of Tumor
Characteristics

No. 1-Year, 3-Year, MST,

Patients % % mo P

Tumor size, cm

<2 44 82.3 41.0 27.1

>2 227 56.0 18.9 140  0.0009
Differentiation*

Well 42 79.5 48.6 35.6

Moderate or poor 229 55.8 15.5 14.0  0.0003
Invasion of the anterior pancreatic capsule*

Positive 157 52.5 187 128

Negative 114 68.1 262 164  0.032
Invasion of retroperitoneal tissue*

Positive 192 55.6 20,8 140

Negative 79 68.5 252 17.1  0.078
Portal invasion*

Positive 121 47.0 127 1.7

Negative 150 70.4 30,0 232 <0.0001
Arterial invasion*

Positive 31 34.9 16.3 11.2

Negative 240 63.1 233 156 0.033
Plexus invasion*

Positive 67 342 L5 10.6

Negative 204 68.1 26.1 192 <0.0001
Lymph node metastasis*

Positive 178 56.4 166 13.8

Negative 93 65.6 314 179 0.012
Resection margin®

Positive 76 39.1 12.8 9.9

Negative 195 66.1 250 416 <0.0001

*Microscopic findings.
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well-differentiated tumor (P = 0.0003), invasion of the anterior
pancreatic capsule (P = 0.032), portal invasion (P < 0.0001),
arterial invasion (£ = 0.033), plexus invasion (P < 0.0001), lymph
node metastasis (P = 0.012), and positive resection margin
(P < 0.0001) were significantly associated with poor prognosis
(Table 2).

Multivariate survival analysis was performed to determine
which of the potential prognostic factors were independent
predictors for survival (Table 3). Operative blood loss greater
than 2000 mL (P = 0.003 vs <1000 mL), adjuvant chemotherapy
(P < 0.0001), not well-differentiated tumor (P = 0.002), and
plexus invasion (P = 0.014) remained independent factors, with
HRs of 2.55, 0.43, 2.39, and 1.76, respectively. By contrast,
operation time, intraoperative red blood cell transfusion, and
year of resection were not independent factors. Similarly, after
performing multivariate analysis with thresholds for OBL (500,
750, 1000, 1500, and 2000 mL), the P value was 0.005 for the
threshold of 2000 mL, whereas the other thresholds were not
significant. The P values for the thresholds of 500, 750, 1000,
and 1500 mL were 0.818, 0.224, 0.095, and 0.330, respectively.

To assess the association between OBL and red blood cell
transfusion, patients were classified into 4 groups (A, OBL
<2000 mL and transfusion [—; n=155]; B, OBL <2000 mL and
transfusion [+; n = 49]; C, OBL >2000 mL and transfusion [—;
n=12]; and D, OBL >2000 mL and transfusion [+; n=55]), and
the overall survival was compared among these groups (Fig. 2).
The effect of red blood cell transfusion was significant when
OBL was 2000 mL or less (ie, A vs B, P = 0.011) but not
significant when OBL was greater than 2000 mL (ie, C vs D,
P = 0.596). Furthermore, OBL greater than 2000 mL was a
significant factor, when excluding the influence of red blood
cell transfusion (ie, A vs C, P = 0.003 and B vs D, P = 0.003).
Finally, there was no significant difference in overall survival
between patients with OBL greater than 2000 mL without
transfusion and patients with OBL 2000 mL or less with trans-
fusion (ie, B vs C, P = 0.256).

TABLE 3. Multivariate Cox Regression Analysis

HR 95% ClI P

Total pancreatectomy 1.42 0.87-2.32 0.159
Opcration time >8 h 1.08 0.70-1.65 0.737
OBL, mL

1000~-2000* 1.69 0.87-2.22 0.173

>2000* 2.55 1.35-4.35 0.003
Red blood cell transfusion 1.17 0.74-1.84 0.499
Adjuvant chemotherapy 0.43 0.29-0.64 <0.0001
Year of resection, 1981-1990 1.48 0.85-2.59 0.166
Tumor size 22 cm 1.63 0.96-2.76 0.071
Not well differentiated 2.39 1.39-4.13 0.002
Invasion of the anterior .08 0.75-1.55 0.672

pancreatic capsule’
Portal invasion® 133 0.92-193 0.133
Arterial invasion® 0.78  0.45-1.35 0.378
Plexus invasion' 1.76 1.12-2.77 0.014
Lymph node metastasis’ LIl 0.72-1.71 0.625
Resection margin® 137 0.97-1.95 0.078

*P values versus less than 1000 mL.
*Microscopic findings.
HR indicates hazards ratio.
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FIGURE 2. Overall survival of patients classified according to OBL
and red blood cell transfusion. Patients classified into 4 groups
based on blood loss of 2000 or less or of greater than 2000 mL
and with versus without red blood cell transfusion (A, blood loss
of 2000 mL or less and transfusion [—; n = 155); B, blood loss
2000 mL or less and transfusion [+; n = 49]; C, blood loss greater
than 2000 mL and transfusion [—; n = 12}; and D, blood loss
greater than 2000 mL and transfusion [+; n = 55]). The MSTs
were 24,4, 12.1, 10.7, and 8.7 months in groups A, B, C,

and D, respectively.

Prediction of Early Mortality After
Pancreatectomy

Early mortality was defined as death within 6 months after
pancreatectomy. Receiver operating characteristic curve analysis
was used to determine the relationship between OBL and early
mortality (Fig. 3). The area under the curve was 0.751, and

1.00
75
z “Sensitivity=0.660
£ itivity=0. -
£ 50 Speciﬁcity=0.739}OBL 2010ml.
s
w
25
AUC=0.751
P<0.0001
0.00
0.00 25 50 75 1.00

1-Specificity

FIGURE 3. Receiver operating characteristic curve for blood loss as
a predictor of early mortality (within 6 months after surgery).

To detect the cutoff level for the prediction of early mortality,
the point of intersection of the ROC curve and the 45-degree line
crossing from the right upper to the left lower corner was
determined. At the closest intersection point to the left upper
corner, the sensitivity and the specificity were 0.660 and 0.739,
respectively, at which the OBL was equivalent to 2010 mL.

AUC indicates area under the curve.
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P <0.0001. Thus, OBL seems to be a good parameter to predict
mortality within 6 months after resection. The closest intersection
point to the left upper comer of the ROC curve and the 45-degree
line crossing from the right upper to the left lower comer is shown
in Figure 3. At the poinmt of intersection, the sensitivity and the
specificity were 0.660 and 0.739, respectively. The OBL at this
point was equivalent to 2010 mL, which can be regarded as an
appropriate cutoff level for the prediction of early mortality after
a pancreatectomy for invasive ductal adenocarcinoma.

Risk Factors for Excessive Blood Loss
Our results previously described in this article show that ex-
cessive blood loss, particularly blood loss greater than 2000 mL,

was associated with poor prognosis. Therefore, the possible risk
factors related to OBL greater than 2000 mL were evaluated for
patient and tumor characteristics, Table 4 shows the results of
the univariate analyses. On multivariate analysis, all variables
found to be significant in the univariate analyses, except for
positive resection margin, were independently associated with
OBL greater than 2000 mL (male: P = 0.009, HR = 2.76; year
1981-1990: P < 0.0001, HR = 13.69; year 1991-2000: £ <
0.0001, HR = 4.08; plexus invasion: P < 0.0001, HR = 2.83;
resection margin: P = 0.284, HR = 1.54). The correlation be-
tween operation time and blood loss was also analyzed and
found to be significant (P < 0.0001; correlation coefficient,
0.528; data not shown).

TABLE 4. Paossible Risk Factors for Blood Loss Greater than 2000 mL

OBL >2000 mL

No. Patients (%) p* Odds Ratio (95% CI)
Tumor size, cm
>2 61/227 (26.9) 0.072 2.27 (0.91-5.64)
<2 6/44 (13.6)
Differentiation
Not well 581229 (25.3) 0.703 1.17 (0.53-2.60)
Well 9/42 (21.4)

Tnvasion of the anterior pancreatic capsule’

35/157 (22.3)

Positive 0.276 0.74 (0.42-1.28)
Negative 32/114 (28.1)

Invasion of retroperitoneal tissue' '
Positive 53/192 (27.6) 0.087 1.77 (0.92-3.42)
Negative 14/79 (11.7)

Portal invasion®
Positive 35/121 (28.9) 0.150 1.50 (0.86-2.61)
Negative 32/150 (21.3) .

Arterial invasion'
Positive 10/31 (32.2) 0.301 1.53 (0.68-3.44)
Negative 57/240 (23.8)

Plexus invasion'
Positive 30/67 (47.8) <0.0001 3.66 (2.01-6.66)
Negative 37/204 (18.1)

Lymph node metastasis
Positive 46/178 (25.8) 0.555 1.20 (0.66-2.16)
Negative 21793 (22.6)

Resection margin'
Positive 26/76 (34.2) 0.025 1.96 (1.08-3.54)
Negative 41/195 (21.0)

Age, yr
270 17/75 (22.7) 0.627 0.86 (0.46-1.60)
<70 50/196 (25.5)

Sex
Male 54/173 (31.2) 0.00t 2.97 (1.52-5.78)
Female 13/98 (13.3)

Year of resection’
1981-1990 17/25 (68.0) <0.0001 14.4 (5.5-37.3)
1991-2000 28/75 (37.3) <0.0001 4.0 (2.1-1.7)
2001-2009 22/171 (12.9)
*? analysis.

"Microscopic findings.

*Univariate P values for 2001-2009 versus 19811990 and 2001-2009 versus 1991-2000.

© 2011 Lippincot Williams & Wilkins
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Postoperative Complications

Postoperative complications of grade 3 or higher occurred
in 29.5% of patients (3a, 71; 3b, 6; 4, 3). In patients with OBL of
2000 mL or less and greater than 2000 mL, the rates of com-
plications of grade 3 or higher were 27.5% (56/204; 3a, 33;
3b, 2; 4, 1) and 35.8% (24/67; 3a, 18; 3b, 4; 4, 2), respectively
(P = 0.193). There was no difference between these 2 groups
regarding the rates of pancreatic fistula, bile leak, postoperative
bleeding, severe infection, cardiopulmonary dysfunction, or liver
dysfunction (data not shown). The development of DGE was sig-
nificantly associated with greater blood loss (P < 0.0001; 18.5%
[12/65] for <2000 mL vs 4.4% [9/203] for >2000 mL [data not
available in 3 patients]).

DISCUSSION

The outcomes of pancreatic cancer are continuing to im-
prove, but this cancer remains a devastating disease. There may
be several reasons that contribute to the improved outcomes,
including advances in surgical techniques, availability of novel
antineoplastic agents, development of diagnostic tools, and pa-
tient education.?*=? In this study, we evaluated potential prog-
nostic factors by using comprehensive and specific analyses and
found that excessive blood loss was significantly and negatively
associated with the survival of patients with invasive ductal
adenocarcinoma of the pancreas.

In other studies,>'! blood loss of 400 or 750 mL was pro-
posed as a threshold for prognostic determinant. However, it
is possible that these earlier studies ignored the stratified risk
of blood loss because they only compared survival between
2 groups that were divided at these cutoff values. To date, no
study has conducted a detailed statistical analysis by classify-
ing patients into several groups based on the level of OBL in
pancreatic cancer. When the thresholds were set at 1000 and
2000 mL, the overall survival was significantly affected based
on the comparison among these 3 groups. Thus, these results
propose a staging system 1o explain the stratified risk of OBL.
This also clearly demonstrates the negative influence of OBL
on survival after a pancreatectomy.

Moreover, OBL greater than 2010 mL was a sensitive and
specific cutoff level to predict early mortality within 6 months
after pancreatectomy for invasive ductal adenocarcinoma. Mean-
while, no studies have proposed a prediction level for early mor-
tality. Surgical stress can deteriorate the patient’s condition, which
may increase susceptibility to complications or accelerate tumor
progression. When considering the overall survival in patients
with pancreatic cancer, it was unclear how much surgical stress
can be significant. Our results suggest that OBL greater than
2010 mL significantly increases the possibility of early mortality,
and this factor may be a surrogate parameter for fatal surgical
stress. In recent years, the amount of blood loss has rarely ex-
ceeded 2000 mL because of improvements in surgical techniques.
However, it is not uncommon to experience excessive blood loss
in a resection of advanced pancreatic cancer, particularly when
portal resection or plexus dissection is needed. In such situations,
this cutoff level is valuable to realize the risk of serious sequelae.

There are several explanations for the negative effects of
excessive blood loss. Excessive hemorrhage during operation
may cause tumor manipulation, which may spread the tumor into
the blood stream and may cause recurrence.?®?” In addition,
large amounts of blood loss are associated with elevated levels
of interleukins | and 6 and tumor necrosis factor due to intrao-
perative hypotensive episodes, which could increase the risk for
carly postoperative mortality.'*2% In our study, we excluded
deaths during the first hospitalization and any related complica-

8 | www.pancreasjournal.com

tions, It is assumed that excessive blood loss is associated with
recurrence of pancreatic cancer. Of note, excessive OBL was not
associated with the occurrence of postoperative complications,
except for DGE. The lack of a significant relationship between
the occurrence of major postoperative complications and OBL
greater than 2000 mL means that the adverse effect of high-
volume blood loss is latent and difficult to realize during the early
postoperative period. Although these explanations are specula-
tions, the possibility of a poor prognosis after excessive blood
loss should be taken into consideration.

The mechanisms involved in the adverse effects of red
bload cell transfusion may be related to impaired immunity
or enhanced inflammation, which may lead to tumor growth or
rccurrence, although there is no definitive explanation for
this.*®*! Transfusion has been proposed as a prognostlc factor in
other malignancies. 3111632 O the other hand, in other studies of
pancreatic cancer, OBL rather than red blood cell transfusion
was an independent factor,””'" which is consistent with the
results of this present study. When analyzing the prognostic
factors overall, the influence of high blood loss possibly biased
that of red blood cell transfusion, which explains why red blood
cell transfusion was not an independent factor in multivaniate
analysis. However, red blood cell transfusion had a significant
influence on survival when blood loss was 2000 mL or less.
Although the effect of excessive blood loss on survival was more
pronounced than that of red blood cell transfusion, the survival
rate could be improved by avoiding red blood cell transfusion
because, as shown in Figure 2, the survival rate was better in
patients without transfusion than in patients with transfusion if
the OBL was 2000 mL or less.

Established surgical tcchmqucs are essential for the resec-
tion of advanced pancreatic cancer.>* Portal resection and plexus
dissection are more performed in our msmuuon than in other
institutions to achieve curative resection.’ According to our
results, blood loss significantly increased when the tumor in-
vaded the plexus, but invasion remained an independent prog-
nostic factor. These results indicate that the negative effect of
excessive blood loss and the aggressiveness of the tumor itself
may independently affect prognosis. Thus, reducing blood loss
in resectable advanced pancreatic cancer could provide further
improvements in survival.

It is necessary to continue to improve and develop new
surgical methods to reduce blood loss. More complicated pro-
cedures in a pancreatectomy involve dissection around the portal
vein, the superior mesenteric artery, and the plexus. In our in-
stitution, the Anthron catheter (Toray Medical, Chiba, Japan), an
antithrombogenic catheter made from a heparinized hydrophilic
polymer, is implanted during resection of the portal vein.’* This
catheter helps 1o reduce the pressure of the superior mesenteric
vein during portal clamping and facilitates dissection around the
portal, splenic, and inferior mesenteric veins, thus decreasing
blood loss. The mesenteric approach, which is routinely per-
formed in our institution, also prompts the ligation of efferent
vessels such as the gastroduodenal and inferior pancreatic du-
odenal arteries, thus allowing us to safely perform portal resec-
tion and to successfu!ly complete radical lymph node dtssecnon
around the superior mesenteric artery and the portal vein. 2 tis
hoped, despite the lack of hard evidence, that these sophisticated
surgical procedures and novel ideas enable pancreatic resection
with minimal blood loss, leading to improved survival. From
this point of view, the year of resection should have been an
important proguostic factor, whereas it was actually found not 1o
be an independent prognostic factor in the multivariate analysis,
suggesting that the year of resection is simply a proxy for op-
crative techniques and, ultimately, OBL.

© 2011 Lippincotr Witliams & Wilkins
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In conclusion, excessive blood loss was found to be a

prognostic determinant for survival after surgery for pancreatic
cancer based on this analysis of patients at a large surgical center.
As a treatment strategy for pancreatic cancer, methods to reduce
blood loss should be considered an important focus and might
be accomplished with continued innovation in surgical methods.
There is no doubt that curative resection should be sought in ali
cases. From the surgical point of view, it is very important to
successfully perform a curative resection and also reduce blood
loss. Because pancreatectomy is one of the most complicated
and challenging operations, there is still ample opportunity for
surgeons to play a role in improving outcomes by pursuing so-
phisticated surgical technigues.
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Abstract

Background A combination of fluorouracil and leucovorin
(5-FU/LV) with oxaliplatin (FOLFOX) is an established
first-line therapy for metastatic colorectal cancer (mCRC).
However, the cumulative neurotoxicity of oxaliplatin often
requires therapy to be discontinued while the patient is still
responding. A strategy to stop FOLFOX, deliver 5-FU/LV as
a maintenance therapy and reintroduce FOLFOX was found
to be equivalent in terms of efficacy while neurotoxicity was
substantially reduced. The aim of this study was to evaluate
feasibility of a stop-and-go strategy with S-1, an oral flu-
oropyrimidine derivative, as a maintenance therapy admin-
istered between modified FOLFOX6 (mFOLFOX6) as a
first-line treatment of mCRC.

Methods Thirty patients with untreated mCRC were
treated with six cycles of mFOLFOXG6 followed by main-
tenance therapy with oral S-1. Reintroduction of mFOL-
FOX6 was scheduled after four cycles of S-1 or upon tumor
progression. The primary endpoint was duration of disease
control (DDC).

Results Twenty-one of the 30 patients who achieved
responses or stabilizations received S-1 maintenance ther-
apy. mFOLFOX6 was reintroduced in 15 patients. Median
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DDC and progression-free survival were 9.3 and 7.9 months,
respectively. The response rates and disease control rates
were 40.0 and 86.6% for the initial mFOLFOX6, 23.8 and
57.1% for S-1 maintenance therapy and 20.0 and 73.3% for
mFOLFOX6 reintroduction, respectively. Twenty-eight
patients (93.3%) had peripheral neuropathy, but grade 3
neurotoxicity was observed in only 1 patient (3.3%).
Conclusion The planned oxaliplatin stop-and-go strategy
with oral S-1 maintenance therapy was feasible as a first-
line treatment for Japanese mCRC patients. Further pro-
spective randomized control study is warranted.

Keywords Metastatic colorectal cancer - First-line
chemotherapy - Oxaliplatin - Neurotoxicity - S-1

Introduction

The combination of fluorouracil and folinic acid (5-FU/LVY)
with oxaliplatin (FOLFOX) has been established as one of
the standard first-line treatments for metastatic colorectal
cancer (mCRC) [1]. However, the sensory neurotoxicity,
which is an adverse event typically correlated to the cumu-
lative dose of oxaliplatin, often requires discontinuation of
oxaliplatin in patients who are still responding. Oxaliplatin-
induced cumulative neurotoxicity has been reported in the
range of 18-21% in the majority of trials [1-3].

Among various attempts to manage and prevent this
adverse reaction, the planned oxaliplatin stop-and-go strat-
egy with maintenance therapy by 5-FU/LV has been con-
sidered an appropriate option. Tournigand and de Gramont
[4] showed the efficacy of modified FOLFOX-7 with infu-
sional 5-FU/LV as amaintenance therapy in the OPTIMOX1
trial, and proceeded to give no maintenance therapy in
the OPTIMOX2 trial [5]. These studies suggested that
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oxaliplatin could be stopped after six cycles without com-
promising the efficacy on the condition that maintenance
therapy with 5-FU/LV was given.

Recently, some new oral fluoropyrimidine derivatives
that can be given on an outpatient basis and thus avoid
catheter-related problems have been introduced and their
non-inferiority when compared with infusional 5-FU has
been proven in numerous clinical trials [6-9]. -1 is another
oral fluoropyrimidine consisting of tegafur, 5-chloro-2,4-
dihydroxypyridine (CDHP), and potassium oxonate, in
which tegafur is a pro-drug of fluorouracil, CDHP is a
dihydropyrimidine dehydrogenase (DPD) inhibitor main-
taining the serum concentration of fluorouracil, and potas-
sium oxonate is an inhibitor of orotate phosphoribosyl
transferase, reducing gastrointestinal toxicities [10, 11]. In
addition, DPD inhibition in tumor cells has been suggested
to contribute to anti-tumor effects since S-1 has been
effective against various solid tumours with high DPD
expression [11]. The response rate (RR) of §-1 as a single
agent was promising at around 35% for mCRC [11, 12].
These results suggested that the efficacy of S-1 as a main-
tenance therapy might be comparable to that of infusional
5-FU/LV and that S-1 might also be more convenient for
both patients and medical facilities.

The aim of this study was to evaluate modified
FOLFOX6 (mFOLFOX6) with maintenance therapy by
oral S-1 in patients with mCRC in the first-line setting.

Patients and methods
Patient selection

The study enroled patients with histologically confirmed
unresectable metastatic adenocarcinoma of the colon or
rectum, who had not previously received chemotherapy for
metastatic disease. Patients who had been treated with
adjuvant 5-FU-based chemotherapy were eligible provided
they had remained disease-free for at least 6 months after
the completion of adjuvant therapy. The other eligibility
criteria included age of 20-75 years, Eastern Cooperative
Oncology Group (ECOG) performance status of 0 or 1,
bidimensionally measurable disease, a life expectancy of at
least 3 months, adequate organ function (white blood cell
count 3,000-12,000 cells per pL, platelet >100,000 per pL,
aspartate aminotransferase (AST) <100 IU/L, alanine
aminotransferase (ALT) <100 IU/L, total bilirubin
<25.7 pumol/L (<15 mg/L), and creatinine <106.1 pmol/L
(<12 mg/L)). Exclusion criteria were pregnancy or lacta-
tion; second non-colorectal cancer; complications such as
ileus, uncontrolled diabetes mellitus, or hypertension;
severe diarrhea; clinically evident gastrointestinal hemor-
rhage; and ascites or pleural effusion needing treatment.

The protocol of this study was approved by the institutional
review board or ethics committee of the participating
institutions. The study was conducted in compliance with
the Declaration of Helsinki. Written informed consent was
obtained from all patients who were entered into the study.

Treatment plan

Patients received mFOLFOX®6 (consisting of a 2-h infusion
of oxaliplatin at 85 mg/m?® and 1-LV 200 mg/m? followed
by intravenous bolus of 5-FU at 400 mg/m? followed by a
46-h infusion of 5-FU at 2,400 mg/mz, every 2 weeks) for
six cycles. Treatment was continued until disease progres-
sion, unmanageable toxicity, withdrawal of consent, or until
six treatment cycles were completed. Oral S-1 maintenance
therapy was initiated for patients who were in a state of
persistent objective response or stable disease (SD) after the
six cycles of mFOLFOX6. S-1 (80 mg for patients with
body surface area (BSA) <1.25 m* 100 mg for patients
with BSA 125 < 1.5 mz; 120 mg for patients with BSA
>1.5 mz) was administered orally in two divided doses for
28 days, followed by a 14-day treatment-free interval. In
the event of disease progression or after a maximum of four
cycles of §-1 treatment, mFOLFOX6 could be reintroduced.
The reintroduced mFOLFOX6 was continued until pro-
gression, unacceptable toxicity, or patient’s wish to termi-
nate the treatment. Surgical treatment of the metastatic
lesions was allowed in patients with sufficient objective
response that rendered the lesions resectable.

Patient evaluation

Physical examination and laboratory tests were performed
at baseline and repeated at least biweekly during treatment.
Tumor size was assessed at the baseline (within 1 month
before enrolment), after every four cycles of mFOLFOX6
therapy, and after every two cycles of S-1 therapy. Objec-
tive tumor response was evaluated according to the
Response Evaluation Criteria in Solid Tumors (RECIST),
version 1.0.

National Cancer Institute Common Toxicity Criteria
(NCI-CTC) version 2.0 was used to assess toxicity. Treat-
ment was delayed until recovery when the white blood cell
count fell below 3,000 cells per pL, platelets fell below
100,000 per pL, AST or ALT were over 100 IU/L, total
bilirubin was higher than 25.7 pmol/L, creatinine was
higher than 106.1 pmol/L, and when the patient experi-
enced diarrhea of grade 1 or greater, or other non-hemato-
logic toxicities greater than grade 2. If a patient experienced
either a grade 4 hematologic or a grade 3 or higher non-
hematologic toxicity, the dose was decreased by one level at
the subsequent treatment course.
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Statistical considerations

The primary endpoint was duration of disease control
(DDC), which was defined as progression-free survival
(PFS), or, if mFOLFOX6 was reintroduced, addition of the
initial PFS and the PFS of the reintroduction, except in the
case of progression at the first evaluation after mFOLFOX6
reintroduction.

The secondary endpoint was PFS, overall survival (O8),
RR (complete response (CR) and partial response (PR)) of
each therapy, disease control rate (DCR) (CR, PR and SD)
of each and safety.

The Kaplan—Meier method was used to calculate the
distribution of DDC, PFS, and OS, and the log-rank test
was used to compare the curves.

Results
Patient characteristics

Thirty patients were enrolled from November 2007 to
December 2009. Baseline characteristics of the patients are
presented in Table 1. The median age was 66 years (range
4774 years). All patients had a performance status of O
or L.

Treatment diagram

Thirty patients were treated by initial mFOLFOXG6 therapy.
The oral S-1 maintenance therapy was initiated in 21
patients and mFOLFOX6 was reintroduced in 15 patients.
A treatment diagram is presented in Fig. 1.

DDC, PFS and OS

After a median follow-up time of 26.9 months, 25 patients
(83.3%) had disease progression, and 5 patients (16.7%)
died of various causes. Median DDC, the primary endpoint,
was 9.3 months (Fig. 2), and median PFS was 7.9 months
(Fig. 3). Median survival time was not reached.

Initial mFOLFOX6 therapy

Thirty patients were treated by initial mFOLFOX6 therapy.
The median number of cycles administered was six (range
3-6) and the median relative dose intensity (RDI) of
oxaliplatin in initial mFOLFOX6 was 78%. The objective
response was CR in one patient, PR in 11 patients, SD in
14 patients, and PD in 4 patients. The RR and DCR were
40.0 and 86.6%, respectively (Table 2). Surgical removal
of the residual metastases could be performed after six
cycles of mFOLFOX6 in 2 patients (6.7%).

@ Springer

Table 1 Patient characteristics

Characteristic No. %
Age (years)
Median 66
Range 44-74
Sex
Male 20 66.7
Female 10 333
WHO PS
0 21 70.0
1 9 30.0
Primary site
Colon 10 333
Rectum 20 67.7
Metastases
Metachronous 22 73.3
Synchronous 8 26.7
Metastatic sites
Liver 11 36.7
Lung 10 333
Peritoneum 6 20.0
Lymph nodes 5 16.7
Adjuvant chemotherapy
Yes 16 53.3
No 14 46.7
Oxaliplatin 0 0
S-1 0 0

WHO World Health Organization, PS performance status

S-1 maintenance therapy

The oral S-1 maintenance therapy was initiated in 21
patients (70.0%). The median number of cycles and treat-
ment duration of S-1 maintenance therapy were 2 cycles
(range 14 cycles) and 3.6 months (range 1.4-6.3 months).
The median RDI of S-1 was 100% (range 77-100%). The
objective response was CR in one patient, PR in 4 patients,
SD in 7 patients, and PD in 9 patients. RR and DCR were
23.8 and 57.1%, respectively (Table 2).

mFOLFOX6 reintroduction

mFOLFOX6 was reintroduced in 15 patients (50.0%). The
median cycles of reintroduced mFOLFOX6 was 6 (range
2-6) and the median RDI of oxaliplatin was 77.4%. Rea-
sons for no reintroduction were early progression of disease
(1 patient), brain metastasis (1 patient), debasement of PS
(1 patient), patient’s preference for other treatment options
(2 patients), and surgical resection of residual metastasis (1
paftient). One patient had CR, 2 patients had PR, and 8
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Fig. 1 Treatment diagrarm.
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Fig. 2 Duration of disease control (DDC). After a median follow-up
time of 26.9 months, 25 patients (83.3%) had disease progression.
Median DDC, the primary endpoint, was 9.3 months

patients had SD. RR and DCR in reintroduced mFOLFOX6
were 20.0 and 73.3%, respectively (Table 2).

Second-line and subsequent therapy

After the study, 21 patients (70.0%) had received second-
line chemotherapy; 16 patients (53.3%) had received an
irinotecan-based second-line chemotherapy regimen. None
of the patients had second-line therapy before progression;
6 patients (20.0%) received a second-line chemotherapy
regimen with the addition of bevacizumab.

Adverse events

The most frequent toxicities during initial mFOLFOX6
chemotherapy were neutropenia (73.3%), thrombocytopenia

Progression-free survival (months)

Fig. 3 Progression-free survival (PFS). Median PFS was 7.9 months

s
gQ

(23.3%), anorexia (46.7%), nausea/vomiting (30.0%), diar-
rhea (16.7%) and mucositis (16.7%) (Table 3). The inci-
dence of peripheral neuropathy during initial mFOLFOX6
chemotherapy was 86.7%; however, grade 3 neurotoxicity
was observed in only one patient (3.3%).

The most frequent toxicities during S-1 maintenance
therapy were neutropenia (42.9%), thrombocytopenia
(38.1%), diarrhea (28.6%), anorexia (23.8%), hand—foot
syndrome (19.0%) and mucositis (19.0%) (Table 3). The
incidence of peripheral neuropathy decreased to 28.6%,
with no patient suffering from grade 3 neurotoxicity after
initiation of maintenance therapy (Fig. 4).

The most frequent toxicities during mFOLFOX6 rein-
troduction were neutropenia (53.3%), thrombocytopenia
(15.0%), allergic reaction (33.3%), anorexia (20.0%), mu-
cositis (13.3%) and nausea/vomiting (6.7%) (Table 3).
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Table 2 Objective tumor response rates

Response Initial mFOLFOX6 (n = 30) $-1 maintenance (1 = 21) Reintroduced mFOLFOX6 (n = 15)
No. %o No. % No. %
CR 1 33 1 4.8 1 6.7
PR 11 36.7 4 19.0 2 13.3
SD 14 46.7 7 333 8 53.3
PD 4 133 9 30.0 4 26.7
RR 12 40.0 5 238 3 20.0
DCR 26 36.6 12 57.1 11 73.3

mFOLFOX6 modified FOLFOX6, CR complete response, PR partial response, SD stable disease, PD progressive disease, RR response rate
(CR + PR), DCR disease control rate (CR + PR + SD)

Table 3 Frequency of common toxicities

Toxicity Initial mFOLFOX6 (n = 30) S-1 maintenance (n = 21) Reintroduced mFOLFOX6 (n = 15)
All grade (%) >Grade 3 (%) All grade (%) >Grade 3 (%) All grade (%) >Grade 3 (%)

Neutropenia 73.3 26.7 429 0 53.3 13.3

Thrombocytopenia 23.3 0 38.1 0 15.0 0

Anorexia 46.7 6.7 23.8 4.8 20.0 0

Nausea/vomiting 30.0 33 9.5 0 6.7 0

Diarrthea 16.7 33 28.6 9.5 0 0

Mucositis 223 0 19.0 0 13.3 0

Hand—foot syndrome 6.7 0 19.0 4.8 6.7 0

Allergy 33 0 0 0 333 20.0

Neurogenic 86.7 33 53.3 0 66.7 6.7

mFOLFOX6 modified FOLFOX6

Fig. 4 Neurologic toxicity.
The incidence of peripheral
neuropathy during initial
mFOLFOX6 chemotherapy
was 86.7%; however, grade 3

S-1 mainienance therapy

100

neurotoxicity was observed in 20 - all grade
only one patient (3.3%). This . grade 2-3
incidence decreased to 28.6%, 9

with no patients suffering from )

grade 3 neurotoxicity after
initiation of S-1 maintenance
therapy. After mFOLFOX6
reintroduction, peripheral
neurotoxicity was observed in
66.7% of patients, but grade 3
neurotoxicity was observed

in only one patient and did
not require treatment
discontinuation

40

20

Percentage of patients with neurotoxicity

o

Peripheral neurotoxicity was observed in 66.7% of patients ~ Discussion

after mFOLFOXG6 reintroduction, but grade 3 neurotoxicity

was observed in only one patient (6.7%) and did notrequire  In recent studies with the uninterrupted FOLFOX regimen,
treatment discontinuation. the median PFS was in the range of 8.2-9.0 months, and
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severe neurotoxicity was observed in 18-21% of patients
[1-4]. In the OPTIMOX1 trial, which evaluated the efficacy
of oxaliplatin stop-and-go strategy, PFS and DDC were 8.7
and 10.9 months, respectively. Grade 3 sensory neuropathy
was observed in 13.3% of patients. Oxaliplatin was reintro-
duced in 40.1% of patients and objective response or disease
stabilization was observed in 69.4% of these patients [4].
With a median DDC of 9.3 months and a median PES of
7.9 months, the cuwrrent study showed that the stop-and-go
strategy with mFOLFOX6, employing oral -1 monotherapy
as a maintenance therapy, achieved efficacy comparable to
previous studies, while the incidence of severe neurotoxicity
was greatly reduced. Grade 3 peripheral neurotoxicity was
observed in only 3.3% during the initial mFOLFOX6 treat-
ment. This incidence was reduced to 0% during S-1 main-
tenance therapy. After mFOLFOX®6 reintroduction, 66.7%
of patients had mild neurotoxicity, but grade 3 was observed
in only one patient (6.7%) and did not require treatment
discontinuation. The low incidence of severe neurotoxicity
in this study was apparently due to the stop-and-go strategy.
In search of a convenient and well-tolerated treatment, S-1
was chosen to be tested as a maintenance therapy since this
oral fluoropyrimidine is an effective alternative to intrave-
nous 5-FU/LV for mCRC as well as being a promising
alternative for use in the adjuvant setting in Japan. Median
duration of $-1 maintenance therapy was 3.6 months (range
1.4-6.3 months) in the present study and adverse events were
mild and typical of those observed with this agent. The RR
(23.8%) and DCR (57.1%) were comparable to infusional
5-FU/LYV regimens. Furthermore, S-1 maintenance therapy
produced a 58.1% reduction in the incidence of peripheral
neuropathy with no patient suffering from grade 3 toxicity.
These results indicated that S-1 is useful in this setting.
mFOLFOX6 was reintroduced in 50% of patients and
achieved disease control in 73.3% of the patients in our
study. Only one patient developed grade 3 neurotoxicity
after mFOLFQOX6 reintroduction. In previous studies, the
DCRs after reintroduction of oxaliplatin were similar and
in the range of 45-73%. These findings suggest that the
chemosensitivity to oxaliplatin is maintained despite an
interruption by S-1, and adequate disease control can be
expected after the reintroduction of FOLFOX.
Furthermore, the stop-and-go approach is not only a way
to decrease oxaliplatin-induced neurotoxicity, but is also a
new way to give chemotherapy with advantages in costs
without deterioration in survival. In our strategy, S-1
maintenance therapy over 6 months costs approximately
3,700 US doliars, while mFOLFOXG6 therapy for the same
duration costs approximately 28,400 US dollars in Japan.
In summary, this study suggests that the oxaliplatin stop-
and-go strategy with S-1 as a maintenance therapy is onco-
logically feasible and is associated with a very low incidence
of grade 3 neurotoxicity. Although the number enroled was

far too small for a definite conclusion, DDC and PFS were
comparable to those usually repoited in the treatment of
mCRC patients. This study adds to a growing body of evi-
dence showing the benefit of a ‘stop-and-go’ concept, and
demonstrates the feasibility of S-1 as an alternative to be
used as a maintenance therapy in this strategy.
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Owing to its peculiar pharmacological characteristics, paclitaxel attains substantial intra-per-
itoneal conceniration for a prolonged period when delivered intra-peritoneally, and is active
against peritoneal metastasis of ovarian cancer. It is also considered promising against disse-
minated gastric cancer. However, the fact that the intra-peritoneal paclitaxel has not been
approved in Japan has rendered its evaluation by a formal clinical trial impossible. The
authors designed a randomized phase |l trial using the Kodo Iryo Hyoka system, a new
system to legally test an yet unapproved mode of treatment. It is hoped that this trial will
result in a breakthrough in the treatment of peritoneal carcinomatosis from gastric cancer.

Key words: paclitaxel — clinical trial — gastric cancer

TRIAL BACKGROUNDS AND RATIONALE

Curatively resected gastric cancer patients often suffer from
recurrence as peritoneal carcinomatosis. This could be caused
by cancer cells that had already been shed from the serosal
surface at the time of surgery, sometimes detectable by exam-
ining the peritoneal washes, or those that were disseminated
during surgical procedures. In addition to extensive irrigation
of the peritoneal cavity (1), intra-peritoneal (IP) instillation of
effective anticancer drugs could eliminate these cells to the
extent that the recurrences could be prevented. Repeated IP
administration of paclitaxel (PTX) has been shown to be safe
and effective for disseminated ovarian cancer, another cancer
type where peritoneal disease often turns out to be a major
cause for disease failure (2). Since its efficacy when adminis-
tered intravenously (DIV) against gastric cancer has been
proved (3) and its potential advantage when given intra-
peritoneally has been robustly shown pharmacologically
(4,5), IP PTX has been considered promising also to elimin-
ate peritoneal metastasis from gastric cancer.

Formal clinical trials to prove the efficacy of this approach
have been hindered by the fact that the IP administration of
PTX has not been approved by the Ministry of Health,
Labour and Welfare in Japan. When using such drugs
outside of the medical insurance system, all other expenses
such as the cost of medical services at the outpatient clinic,
including drugs such as steroids, H2 blockers and
anti-emetics will have to be covered also by the individual
researcher or the patient. The authors attempted to overcome
this problem by making an official request to conduct a
multi-institutional trial by using a system known as the
‘Kodo Iryo Hyoka’ system. Using this system, unapproved or
experimental medical practice whose cost is covered by the
individuals can be delivered simultaneously with general
medical procedures that are covered by the insurance. To use
this system, the study protocol will have to be scrutinized
and approved by a committee appointed by the Ministry.
Furthermore, a trial thus performed is expected to be
designed so as to generate an evidence for future approval of

© The Author (2010). Published by Oxford University Press. All rights reserved.
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the treatment by the Ministry. A one-arm single-institutional
phase II trial to confirm the efficacy of a regimen that
includes IP PTX (6) has already been approved and is
ongoing using the ‘Kodo Iryo Hyoka’ system. To add further
evidence in support of the IP treatment and to ultimately
establish a basis for the future approval by the Ministry, a
head-to-head comparison of IP and DIV of the same drug
under the same schedule was considered mandatory. Since
the patients so allocated will then have to be treated by IP
PTX alone for a fixed period of time, patients who are
deemed eligible for the trial had to have a significant risk to
develop peritoneal carcinomatosis, while harbouring no
gross lesions that immediately call for systemic adminis-
tration of the anticancer diugs.

The authors held a few meetings to finally compile a pro-
tocol for a clinical trial to evaluate IP PTX, as described in
the following section. The study is called INPACT, in which
INPACT is an abbreviation for ‘IP administration of
chemotherapeutic agent’.

PROTOCOL DIGEST OF THE STUDY
PurPOSE

The purpose of this study is to show a prognostic impact of
repeated IP of PTX over the DIV on the identical treatment
schedule, among patients who are considered to have a high
risk of developing peritoneal carcinomatosis. In the event of
detecting a survival advantage, this study should be one of
valuable evidence based on which to request the Ministry of
Health, Labour and Welfare for approval of the IP adminis-
tration. The establishment of various combinations incorpor-
ating IP PTX to combat all types of metastatic gastric cancer
and a subsequent randomized trial to prove their survival
benefits would then be expected.

RESOURCES

Data centre services and statistical supervision are funded by
a non-profit organization, the Epidemiological and Clinical
Research Information Network (ECRIN), Kyoto, Japan. All
treatments with the exception of PTX-administered IP have
been approved as a general practice within the scope of
general medical insurance. IP administration of PTX has
been approved by the Ministry of Health, Labour and
Welfare as of July 2010, exclusively for the participants of
this trial, using the Kodo Iryo Hyoka system. Bristol- Myers
Squibb has kindly agreed to supply PTX to be given
intra-peritoneally.

ENDPOINTS

The primary endpoint is the 2-year overall survival (OS)
rate. The secondary endpoints are the incidence of adverse
events, progression-free survival time, and OS time.

ELIGIBILITY FOR PARTICIPATING IN THE TRIAL

Approval of the protocol by the institutional review board is
a prerequisite to participate in the trial. In addition, each par-
ticipating institution is requested to fill in and send an appli-
cation form to the Ministry of Health, Labour and Welfare
via Nagoya University to obtain final approval by the gov-
ernment to join the Kodo Iryo Hyoka system.

ELGBILITY CRITERIA FOR THE ENROLLMENT
Inclusion criteria for primary registration:

(i) Histologically confirmed adenocarcinoma of the
stomach.

(ii) Either macroscopically defined as Type 3 with a
diameter >8 cm or Type 4 (linitis plastica), or
defined as the other macroscopic type, but is
considered highly suspicious for serosal invasion or
peritoneal seeding.

(iii) Patients without the following findings on computer-
ized tomography: cervical or mediastinal Iymphadeno-
pathy, bulky metastasis to suprapancreatic or
retroperitoneal lymph nodes, distant organ metastasis,
thoracic effusion, ascites spreading beyond the pelvic
cavity.

(iv) No previous history of chemotherapy or radiation.

(v) Eastern Cooperative Oncology Group performance
status of 0 or 1.

(vi) Age >20.

(vii) Adequate organ function is defined as follows: a white
blood cell count of 3000—12 000/m>, neutrophil count
of >1500/m°, platelet count of >100 000/m>, AST
and ALT <100 IU/], total bilirubin <1.5, serum creati-
nin level <1.5 mg/dl, serum albumin level >3.0 g/dl.

(viii) Surgery planned within 1 month of registration.

(ix) Whritten informed consent.

Exclusion criteria for primary registration:
(1) Serious comorbidities include the following:

(a) Ischemic heart disease and arrhythmia needing
treatment.

(b) Myocardial infarction within 6 months of onset.

(c) Liver cirrhosis.

(d) Interstitial pneumonitis.

(e) Gastrointestinal bleeding in need of repeated
blood transfusion.

(f) Uncontrolled diabetes mellitus.

(i) Bowel obstruction rendering treatment with oral drugs
impractical.
(iii) Active synchronous cancer or discase-free metachro-
nous cancer within 5 years of onset.
(iv) Signs of acute infection or inflammatory disease
(v) Systemic treatment with corticosteroids
(vi) Hypersensitivity to Cremophor EL.

— 176 —

7107 ‘s 1ady uo L1eiqr uesuol je /810 sjeumolprojxo-oofly:dpy woiy paprojumod



(vil) Women who are pregnant, contemplating pregnancy
or amid breast-feeding.
(viii) Mental disorders which may affect ability or willing-
ness to provide informed consent.
(ix) History of severe hypersensitivity to any drugs.
(x) History of alcoholic anaphylaxis.
(xi) Peripheral neuropathy.
(xii) Patients otherwise considered inappropriate for
inclusion in the study.

Inclusion criteria for secondary registration:

(i) Considered resectabie either at laparotomy or
laparoscopy.

(ii) If the macroscopic type was not Type 3 with a diam-
eter >8 cm or Type 4 (linitis plastica), peritoneal
seeding or positive cytology of the peritoneal washes
need to be confirmed during surgery.

(iii) Placement of the IP reservoir is possible.

REGISTRATION

Participating investigators are instructed to send an eligibility
criteria report to the data centre at the non-profit organization
ECRIN for the primary registration within 1 month of the
scheduled surgery. Investigators are then requested to
proceed to the secondary regisiration by telephone upon
laparotomy or laparoscopy, when the eligibility criteria such
as resectability, peritoneal metastasis and peritoneal washing
cytology findings were confirmed. Patients are randomized
during surgery to one of the two treatment groups by a cen-
tralized dynamic method using the following factors as bal-
ancing variables: macroscopical Type (Types 3 and 4/
others), curability of surgery (RO and R1/R2), age (<75
years/>75 years) and institution. Follow-up data including
compliance to the treatment, adverse reactions and survival
are to be reported to the data centre through clinical report
forms.

The first 10 cases are to receive the IP PTX exclusively as
a feasibility test, which will be evaluated only for toxicity
and will be not included in the survival analysis. If more
than four successful IP deliveries are conducted in less than
5 of the 10 patients, the study will either be terminated or
modified appropriately.

The study has been registered in the University hospital
Medical Information Network (UMIN) as No. 000002957.

TREATMENT METHODS

Patients enrolled in this study are randomized to receive
one of the following regimens of chemotherapy after
gastrectomy.

Group A: IP administration group:

PTX: 60 mg/m2 IP on the day of surgery (day 1) and on
days 15, 22, 29, 43, 50 and 57. The dose of IP PTX is based
on a phase I trial performed in the USA for ovarian cancer

Jpn J Clin Oncol 2011;41(2 285

patients, and its safety when given weekly has been con-
firmed by a phase IT trial (2).

Group B: Intravenous administration group:

PTX: 80 mg/m’ DIV on the day of surgery (day 1) and on
days 15, 22, 29, 43, 50, and 57.

These regimens of treatment are to be followed after 2—3
weeks by a standard systemic chemotherapy for advanced
gasiric cancer which, at the time the trial started, would be
either S-1 monotherapy or a combination of S-1 and cisplatin
(CDDP) (7). S-1 is generally recommended after RO/R1 resec-
tion and S-1/CDDP after R2 resection, but the selection is left
to the discretion of the physician in charge. When patients ran-
domized into Group A failed to receive IP chemotherapy for
reasons other than allergic reaction to PTX, they are expected
to continue with intravenous PTX according to the predeter-
mined schedule, so that the subsequent systemic chemotherapy
will be started at the same time as in other patients.

STUDY DESIGN AND STATISTICAL METHODS

The current study is a randomized phase 11 trial applying
selection design as proposed by Simon et al. with selection
probability of around 80% (8). The primary analysis in this
study is aimed to select an appropriate treatment arm for
further evaluation, and the sample size was calculated on the
hypothesis that the 2-year OS rate of the DIV arm, estimated
to be 30—40%, could be improved by 10% in the IP arm.
The selection probability is estimated to be 82—83% when a
total sample size is 80 and 84—85% when a sample size is
100. Since the first 10 cases will be treated by IP therapy as
a feasibility phase and will be excluded from the survival
analysis, the total sample size will be 90—110 and 50—60
patients will receive IP therapy.

INTERIM ANALYSIS AND MONITORING

The Data and Safety Monitoring Committee (DSMC) inde-
pendently review the report of trial monitoring regarding
efficacy and safety data. The first interim analysis will be
performed at 1 year after registration of the last patient and
DSMC will decide whether or not to publish the results
based on futility analysis and safety data.
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