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Course of five patients with repeat resection of recurrent ICC
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tion for recurrent ICC. A second resection was performed
for 5 patients with solitary recurrent cancer (liver, n = 4;
lung, n = 1), and 2 of these 5 patients underwent a third
resection for second recurrence (lung, n = 1; adrenal gland,
n = 1). One patient (no. 5) underwent a fourth resection for
recurrent lung metastasis and survived 137 months after the
first resection (30 months after the fourth resection).

Median durations of survival for patients with recurrent -
ICC who received DSM-TACE and systemic chemotherapy
were 14 months and 8§ months, respectively.

Comments

This study analyzed 44 consecutive patients who re-
ceived curative resection of ICC in a single institution,
including 5 patients who underwent repeat resections for a
solitary recurrence over 13 years.

The overall 5-year survival rate was 43% and 7 patients
survived more than 5 years. Given the aggressive nature of
ICC, extended resection is necessary for a curative outcome.
Others have found that surgical results are more favorable
with extended liver resection in patients with ICC.*® In our
series, 40 of the 44 patients underwent hemihepatectomy or
extended hemihepatectomy, with favorable short-term out-
comes and no hospital deaths. Extended hemihepatectomy
therefore seems to represent a valid therapeutic option for
ICC. Conversely, most previous reports state that survival
data may be adversely affected by mortality rates of 1% to
7%.*"# Significant advances over recent decades in imag-
ing modalities, surgical technique, anesthesia, and critical
care medicine have greatly improved the safety of major
hepatic surgery. The current study may thus more accurately
reflect clinical outcomes to be expected from treatment in
the era of advanced surgical techniques.

Many reports have described favorable prognostic fac-
tors after resection of ICC.%#!! These include absence of
tumor at resection margins, elevated serum CA19-9 levels,
solitary lesion, absence of lymph node involvement, pres-
ence of well-differentiated adenocarcinoma, and absence of
vascular invasion. In our study, multiple tumors were iden-
tified as an independent poor prognostic factor, showing a
0% survival rate after 5 years for such cases compared to
64% for patients with solitary ICC. Previous studies gave a
dismal prognosis even after curative resection for patients
with node-positive ICC. The 5-year survival rate for patients
with node-positive ICC in this study was 24%. In the
present study, some patients with lymph node metastasis
lived for a long time, and lymph node metastasis was not
identified by our analysis as a factor associated with poor
prognosis. This is probably due to the limited number of
patients. Nevertheless, no consensus has yet been reached
regarding lymph node dissection, and there are several re-
ports of dire outcomes in patients with node-positive ICC
even after lymph node dissection.'* Chou et al'* reported
that the survival rate with node-positive ICC was almost the
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same as with noncurative resection even after lymph node
dissection, while Inoue et al'* reported similar results of
lymph node dissection not prolonging survival. Conversely,
others have reported 5-year survival rates of 23% to 34%
after curative resection for node-positive ICC. The outcome
of hepatectomy in patients with Iymph node metastasis is
poor; however, our study found no desperate need for hep-
atectomy in a case with regional lymph node involvement.
Theoretically, adjuvant chemotherapy should be considered
following resection and may prolong survival, particularly
in patients with poor prognostic factors. However, no stan-
dard protocol exists to extend survival in patients with ICC
and further studies are clearly needed.

Recurrence rates following curative resection remain high,
with 50% to 80% recurrence reported even after curative re-
section.” In the present study of 25 patients with tumor recur-
rence (57%), a second resection was performed on 5 patients
with solitary hepatic or pulmonary metastasis, with favorable
results. The liver is the most frequent site of recurrence, fol-
lowed by bone, peritoneal dissemination, and then lymph
nodes.®'? No specific therapy has been recommended for re-
current ICC, but this study presented promise that repeated
resection may improve overall survival. The efficacy of sur-
gery for hepatic and pulmonary metastases of colon cancer is
well documented, but the efficacy of repeated resection for
recurrent ICC remains unclear, despite several small stud-
ies.*'%!6 The present findings indicate that some patients with
ICC have no more than a few resectable lesions, as is the case
for hepatic and pulmonary metastasis of colon cancer. Indica-
tions for repeated resection were not conclusive due to the
small number of patients in the present study. This is a com-
mon problem because ICC is a rare disease, and most previous
studies involved only a few dozen cases from a single institu-
tion. Future analyses must comprise many more ICC patients
across multiple institutions.

Conclusion

Prognosis after curative resection is poor in ICC patients
with multiple nodules. In selected patients with solitary
hepatic or pulmonary recurrence, repeated resection may
offer long-term survival.
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Objective: Resective therapeutic strategy for left-sided pancreatic adenocarcinoma is open
to debate. The post-resection outcomes and factors influencing post-resection survival for
adenocarcinoma of the body and tail of the pancreas were analyzed to determine the effec-
tiveness of surgery.

Methods: A total of 73 patients with adenocarcinoma of the body or tail of the
pancreas who underwent resection between 1994 and June 2007 were evaluated for
overall survival.

Results: Multiple malignancies were present in 34 of 73 patients (47%). Overall 1-, 3- and 5-
year survival rates after surgery were 79%, 34%, and 30%, respectively. Presence of symp-
toms, multiple cancers and level of preoperative tumor marker did not influence post-resection
survival. As for tumor characteristics, tumor size, histological tumor differentiation, retroperito-
neal invasion, status of residual tumor and UICC staging represented significant prognostic
indicators by univariate analysis. Gemcitabine, when administered as an adjuvant settings,
strongly worked for improving post-resection outcome (5-year survival rate = 51%). Factors
shown to have independent prognostic significance on multivariate analysis were tumor size
(<3 vs. >3 cm), status of residual tumor (R0 vs. R1, 2), and postoperative administration of
gemcitabine.

Conclusions: Appropriate patient selection and accurate surgical technique with postopera-
tive adjuvant therapy could benefit survival of patients with carcinoma of the pancreas body

and tail.

Key words: Gl-Pancreas-Surg — HBP Surgery — Prognostic factors

Pancreatic cancer (invasive ductal adenocarcinoma of the
pancreas) is the fifth leading cause of cancer death in
Japan (1), and is among the most lethal neoplasms, with
almost equal annual death toll and incidence (2). The pan-
creas is anatomically segmented into head, body and tail,
and invasive carcinoma may arise from any part. Left-sided
carcinoma of the pancreas has been reported as more lethal
than those arising from the head (3), and some authors
have even doubted the effectiveness of resection in treating
left-sided carcinoma of the pancreas (4,5). In the latest
decade, however, several reports have shown the effective-
ness of extended resection for such tumors with 5-year

survival rates of 14—19% and long-term survivors and
factors for such favorable outcomes have been reported and
analyzed (6—8).

Meanwhile, gemcitabine has been introduced as a drug to
improve overall survival of the patients with advanced pan-
creatic cancer (9). And such a newly coming drug was also
reported effective for improving the postoperative
recurrence-free survival (10,11). The present study reviews
our recent experiences with resected ductal adenocarcinoma
arising in the body and tail of the pancreas, evaluating the
clinicopathological characteristics, post-resection survival
and factors influencing outcomes after surgery.

‘> The Author (2010). Published by Oxford University Press. All rights reserved
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PATIENTS AND METHODS

DEMOGRAPHICS, OPERATIVE FACTORS AND TUMOR
CHARACTERISTICS

Our policy to select the patients for resection of pancreas
cancer is locally resectable neither with gross para-aortic
lymph node metastasis nor with distant metastasis in the pre-
operative diagnostics. Between January 1994 and June 2007,
a total of 426 patients underwent surgery for pancreatic
tumors at Cancer Institute Hospital, Tokyo, Japan. Among
these, 290 patients (68%) had invasive ductal adenocarci-
noma, 43 intraductal papillary mucinous neoplasms, 18 muci-
nous cystic tumors, 12 serous cystadenomas, 3 acinar cell
carcinomas, 29 endocrine cell tumors, 9 metastatic tumors
and 22 other tumors. Of 290 patients with pancreatic adeno-
carcinoma, 200 patients (69%) had tumors originating from
the head and 90 patients (31%) had tumors of the body or
tail. Of the 90 patients with body or tail adenocarcinoma, 4
had gastrointestinal bypass operations and 4 underwent probe
laparotomy. After excluding 3 patients with distant metastases
(liver, 1 patient; peritoneum, 2 patients) and 6 with invasive
adenocarcinoma derived from intraductal papillary mucinous
neoplasm, 73 patients remained for further analyses.

The 73 patients included 44 men (60%) and 29 women
(40%) with a mean age of 68.0 + 9.2 years (median, 69
years). Various initial symptoms were present in 23 of the
73 patients (32%) on diagnosis of the malignancy, including:
abdominal pain (n = 13), back pain (# = 5), nausea (n = 4)
and diarrhea (n = 1). Among 50 asymptomatic patients, 3
showed elevated serum amylase levels and 4 had onset or
aggravation of diabetes mellitus. Multiple malignancies were
present in 34 of the 73 patients (47%). Synchronous multiple
malignancies were seen in 6 patients, comprising esophageal,
gastric, gallbladder and colon cancer, hepatocellular carci-
noma, and malignant lymphoma (# = 1 each). Metachronous
multiple malignancies were seen in 28 patients, including:
breast cancer (# = 5), prostate cancer (n = 6), gastric cancer
(n == 4), uterine cancer (n = 2), esophageal cancer (n = 1),
hepatocellular carcinoma (17 = 1), colon cancer (n = 4), lung
cancer {n = 2) and malignant lymphoma of the stomach
(n=1). The period between pancreatic cancer and other
primary cancers ranged from 25.6 years before occurrence of
pancreatic carcinoma to 2 years after. One patient had under-
gone previous treatment for breast cancer, gastric cancer and
uterine cancer and another had received treatment for hepa-
tocellular carcinoma and colon cancer. Malignant lymphoma
was the only tumor that developed after surgery of pancreatic
cancer. All multiple cancers, except for malignant lym-
phoma and hepatocellular carcinoma, had been surgically
resected (Table 1). All pancreatic tumors were solitary and
the majority of them arose from the body of the pancreas.
Thirty-six tumors (49%) exceeded 3 cm in diameter, with a
mean maximum diameter of 3.3 cm.

Jpn J Clin Oncol 2010:40(6) 531

Table 1. Clinicopathological characteristics of paticnts with invasive
carcinoma of the body and tail of the pancrcas

Agc (ycars) 68.0 + 9.0 (mmcdian 69;

range 45—89)
Scx (male:femalc) 44:29
Symptom (ycs:no) 23:50
Multiple primary cancers
No 39
Synchronous 6
Mctachronous 28

CA19-9 (U/ml)* 387 + 1376 (median 77;

range 10-11379)
Location
Body 53
Tail 20
Operative procedure
Distal pancrecatcctomy 66
Appleby’s operation

Total pancreatcctomy

NN W

Pancrcatoduodencetomoy
Combinced resceted organ

Portal vcin

[V RN

Colon

w

Stomach
Left kidney t

707 + 605 (median 530;
range 50-2950)

329 + 142 (median 345;
range 162-823)

3.3 + 1.7 (median 2.8;
range 1.2--8.5)

Blood loss (ml)

Opcration time (min)

Size (cm)

Histological diffcrentiation

Wwell 36
Maod 32
Poor 4

Undifferentiated 1
Microscopic portal vein invasion”

Negative 39

Positive 22

Retroperitoneal invasion (including
cxtrapancreatic nerve plexus)®

Ncgative 32
Positive 39

Positive lymph nodes®

0 36
1 18
22 18

Continued
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Table 1. Continued

Residual tumor

RO 55
R1 12
R2 6
UICC staging
la 5
ib 4
2a 21
2b 21
3 12
4 10
Postoperative chemotherapy using gemeitabine
No 37
Adjuvant 25

After recurrence 1

“Data missing for 1 paticnt.
"Data missing for 12 paticnts.
“Data missing for 2 paticnts.
9Data missing for |1 paticnt.

Operative procedures included 66 distal pancreatectomies
with splenectomy. Appleby’s operation was applied for three
patients who had tumors invading to the celiac trunk. For
two tumors originating from the body and extending to the
level of the gastroduodenal artery, Whipple procedure was
performed. As for procedures in detail, distal pancreatectomy
was performed in a retrograde manner until 2000, while
antegrade distal pancreatectomy was performed for 54
patients from 2001 onwards, involving division of the
splenic artery and vein before dissecting the pancreatic body
and tail from the retroperitoneum (12). The peripancreatic
lymph nodes were routinely removed according to the
operative procedure. At the start of resection, the precaval
and intercavoaortic nodes between the level of the left
renal vein and the inferior mesenteric artery were dissected
after Kocherization. These nodes were just picked and exam-
ined by frozen section, when the patients were 76 years old
or above.

Intraoperative blood loss was <1000 ml in 57 patients,
and 11 patients (15%) received blood transfusion during
surgery. Combined resection and reconstruction of the portal
vein was performed in four patients. Among 73 patients, 11
underwent combined resection of other organs due to direct
invasion of the tumor, involving the colon in 5 patients,
stomach in 5 and left kidney in 1.

Histologically, 36 patients (49%) had well differentiated
tubular adenocarcinoma, while histology showed poor differ-
entiation in 4 patients. Among 61 patients for whom status
of portal vein invasion was recorded, 22 (36%) showed posi-
tive invasion of the portal vein system by the tumor.

Microscopic invasion to retroperitoneal tissues, including the
extrapancreatic nerve plexus, was seen in 50 patients (66%).
Among 72 patients in whom status of lymph node metastasis
was described, 36 (50%) had positive lymph nodes and 18
(25%) had solitary node metastases. Metastasis to para-aortic
lymph nodes was seen in nine patients. Microscopic residual
tumors were identified on the posterior dissecting surface in
12 patients. Meanwhile 6 patients had R2 resection: 3 at the
posterior dissected surface and 5 at the pancreatic cut-stump
(2 patients had both at the posterior dissected surface and at
the pancreatic stump). According to UICC classification,
stages 111 and 1V accounted for 22 patients (30%). In this
study, when tumor was found invading to the nerve plexus
around the superior mesenteric artery, such tumor was
assigned to T4. The 10 stage-4 diseases comprised 9 with
para-aortic lymph node metastasis and 1 with the other
distant lymph node metastasis. In our department, che-
motherapy for invasive pancreatic cancer has been per-
formed using gemcitabine since May 2002. The reasons for
using or refraining from gemcitabine varied. Among 18
patients undergoing surgery before May 2002, 16 had no
chemotherapy and the remaining | had chemotherapy by
gemcitabine after recurrence. From April 2002 and March
2005, we participated in the multicenter randomized con-
trolled trial of postoperative adjuvant therapy using gemcita-
bine. During this period, the patients were treated with this
drug during 3 months after surgery, according to the
allocation. Among 55 patients after May 2002, the agent
was used in an adjuvant setting for 25 patients, while
10 received gemcitabine for recurrent disease. The remain-
ing 20 patients (11 without recurrence and 9 with recur-
rence) were not treated using gemcitabine. Follow-up
information was obtained through direct contact with
patients, by investigating the family register and by review-
ing hospital charts.

STATISTICS

Both uni- and multivariate methods were used to determine
the prognostic significance of various factors in pancreas
cancer patients. The primary outcome variable analysed was
survival. All continuous data are presented as mean 1 stan-
dard error of the mean. Differences in proportions of categ-
orical variables were evaluated using Pearson’s x2. Survival
curves were generated using Kaplan—Meier methods and
were compared using the log-rank test. Patients alive as of
June 2008 were censored at the time of follow-up.
Multivariate Cox regression analysis was used to identify
factors independently associated with survival. Values of
P < 0.05 were considered statistically significant.

RESULTS

There was neither 90-day nor in-hospital mortality after
surgery. Overall 1-, 3-; and S5-year survival rates
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Figure 1. The cumulative S-ycar survival rate of patients with postopcrative
adjuvant usc of gemcitabinc was 51%, being significantly better than that of
thosc who underwent gemeitabine chemotherapy for recurrent tumors (P =
0.04) or who reccived no gemcitabine (P = 0.006). The survival of the
paticnts treated with gemcitabine for recurrent tumor was comparable to
thosc without chemotherapy (P = 0.54).

after surgery were 79, 34 and 30%, respectively. All deaths
after discharge were due to tumor recurrence, except for 1
patient who died from acute exacerbation of hepatitis B
immediately after chemotherapy for gastric malignant lym-
phoma with swelling of mediastinal lymph nodes, which was
found 2 years after surgery for pancreatic cancer.

UNIVARIATE ANALYSIS

Presence of symptoms, multiple cancers and level of preo-
perative tumor marker did not influence post-resection survi-
val. Combined resection of other organs due to direct
invasion of the tumor or to secure adequate surgical margins
were not significant predictors after surgery. Neither
increased intraoperative blood loss <1000 ml nor red blood
cell transfusions showed significant prognostic impact on
post-resection survival.

As for tumor characteristics, tumor size, histological tumor
differentiation, retroperitoneal invasion (including extrapan-
creatic nerve plexus), status of residual tumor and UICC
staging represented prognostic significance. Status of lymph
node metastases had no significant effect on patient survival
after surgery. Positive para-aortic lymph nodes in ninc
patients did not influence postoperative outcome. As for post-
operative chemotherapy, the patients with postoperative adju-
vant use of gemcitabine fared very good to achieve S-year
survival rate of 51%. Contrarily, the outcome of patients who
underwent gemcitabine chemotherapy for recurrent tumors
was significantly worse than those with adjuvant gemcitabine
(P = 0.04) and was comparable to those without chemother-
apy (P = 0.54). As a whole, use of gemcitabine significantly
improved the post-resection outcome of the patients with
body and tail pancreas cancer (Fig. 1).

Jpn J Clin Oncol 2010,40(6) 533

MULTIVARIATE ANALYSIS

Possible prognostic factors were selected from univariate
analyses and from a review of the literature for further multi-
variate analyses. When integrated, all data were dichoto-
mized from the results of univariate analyses as follows:
multiple primary tumors (absent vs. present), histological
differentiation (well vs. others), residual tumor (RO vs. R1 or
R2), number of positive lymph nodes (0 vs. >1) and post-
operative use of gemcitabine (not performed vs. performed).
The factors of age, sex, operative procedure and UICC
staging were not included for multivariate analysis. Factors
displaying independent prognostic significance were: (i)
tumor size (<3 vs. >3 cm); (ii) residual tumor; and (iii)
postoperative use of gemcitabine.

Recurrences were found in 45 (62%) patients: in the liver
in 9, liver and other site in 6, lung (only or with other sites)
in 4, peritoneum in 6, lymph node in 5, pancreas bed in 4 and
remnant pancreas in 4. In seven patients, tumor marker
suggested recurrence without evidence of imaging diagnostics.

DISCUSSION

Pancreatic ductal adenocarcinoma remains the fifth leading
cause of cancer deaths in Japan (1) and has traditionally dis-
played a S-year survival rate <10% after curative resection.
Resectability rate for body and tail lesions is reportedly less
than that for head, neck or uncinate lesions, as proximal
lesions often cause obstructive jaundice and present earlier,
while the disease is still localized to the pancreas, whereas
distal lesions tend to have vague, non-specific symptoms and
often go undiagnosed until a relatively advanced stage.
Recently, however, improvements in pancreatic resection and
perioperative adjuvant treatment have combined to produce
therapeutic success for such ominous tumors. Several groups
have reported markedly improved 5-year survival rates
approaching 20% (6—8,13) for patients undergoing curative
resection. Furthermore, a study reported an outstanding
S-year survival rate of 42% after surgery for locally
advanced pancreas body and tail cancer without additional
treatment (14). As for long-term prognosis after resection,
relatively large series from specialized centers have shown
more than 10 long-term survivors after resection (7,8),
although only three 5-year survivors had been reported for
pancreatic body and tail lesions before 1996 (6).

The present study showed the 5-year survival rate of 30%
and included seven patients who survived longer than
S years. According to an analysis of prognostic factors, such
good outcome might largely be due to postoperative use of
gemcitabine. As shown in Table 2 and Fig. 1, the patients
with adjuvant gemcitabine fared very good to have 5-year
survival rate of 51%. Twenty patients with recurrence and no
gemcitabine treatment did not survive longer than 3 years
with median survival time of 0.73 year, while 11 patients
with gemcitabine for recurrent disease showed two 3-year
survivors with median survival time of 1.8 years. The
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Table 2. Univariate survival analysis after surgery for invasive carcinoma
of the body and tail of the pancrecas

Survival rate (ycars) Median
n 3 5 survival time P-valuc
Age
<70 38 75 38 32 22 (1.3-3.1) 095
>70 35 84 29 29 2.1(1.4-29)
Scx
Malc 44 72 24 24 1.8(1.2-24) 0.09
Female 29 89 51 40 3.8 (1.3-6.4)
Symptom
No 50 78 31 23 22(1.2-3.1) 051
Yes 23 82 39 39 2.5 (1.0-4.0)
Multiplc primary cancer
No 39 87 31 31 22 (1.9-2.6)  0.11
Synchronous 6 50 - 0.8 (0--2.0)
Mctachronous 28 75 47 32 1.2 (0.3-4.9)
CA19-9 (U/ml)y*
<37 21 80 45 30 2.6(1.8-3.3) 032
>37 51 78 29 29 1.8 (1.2-2.4)
Location
Body 53 75 36 29 2.2(14-29)  0.69
Tail 20 89 30 30 2.8 (1.2-3.1)
Concomitantly rcsected organ
No 59 83 35 29 22(1.9-2.6) 050
Yes 14 64 29 29 1.4 (0.6-2.3)
Blood loss (ml)
<1000 57 81 41 35 22(1.7-2.8)  0.10
> 1000 16 65 10 0 1.7 (0.9-2.4)
Blood transfusion
No 62 80 38 33 22(1.6-2.7) 026
Yes 1t 73 0 0 1.7 (0.7-2.6)
Sizc (by pathology) (cm)
<3 37 85 6l 61 6.9 0.003
>3 36 73 17 13 1.7 (1.3-2.1)
Histological differentiation
Well 36 88 40 33 2.5 (2.0—-3;1) 0.05
Mod 32 71 34 34 1.5 (1.1-2.0)
Poor and 5 60 0 1.6
undiffcrentiated
Microscopic portal vein invasion®
No 39 89 46 37 2.6 (0.5-47)  0.64
Yes 22 79 32 32 2.5(1.1-3.9)
Retroperitoneal invasion (including cxtrapancreatic nerve plexus)®
Negative 24 83 51 38 3.8 (1.6—6.1)  0.05
Positive 47 77 21 21 1.7 (0.9--2.3)
Continued

Surgery for adenocarcinoma of body and tail of pancreas

Table 2. Continued

Survival rate (ycars) Median
n 1 3 S survival time P-valuc

Positive lymph nodes®

0 36 88 40 35 22(1.8-25) 042

I 18 72 36 - 25(1.3-38)

>2 18 76 14— 1.8(1.2-2.3)
Residual tumor

RO 55 84 41 36 23(1.6-29)  0.03

R1 12 49 25 - 1.0 (0.3—1.6)

R2 6 83 0 1.7 (0.9-2.5)
Postopcrative chemotherapy using gemcitabine

No 37 65 30 25 1.4(0.8-2.0)  0.04

Adjuvant 25 95 51 51 -

After 11 9% 20 - 1.8(1.3-2.3)

recurrence
UICC staging

la 5 80 80 53 6.9 0.009

b 4 100 50 - 2.6

2a 21 94 44 44 2.2(2.0-2.4)

2b 21 78 45 - 1.8 (1.3-2.2)

3 12 75 11 1 1.4 (0.8-2.0)

4 10 50 10 - 0.7 (0.6—-0.7)

“Data missing for | paticnt.

®Data missing for 12 paticnts.

“Data missing for 2 paticnts.

9Data missing for | paticnt.

Bold typcface indicates significant values of cach factor for prognosis after
surgery.

survival of the patients without gemcitabine (5-year survival
rate = 23%, median survival time = 1.4 years) is comparable
to other reported series (7,8). As pancreatic ductal adenocar-
cinoma is principally a generalized disease even in resected
patients, use of adjuvant therapy is the most promising way
to improve outcomes after surgery. Several studies have
reported fluorouracil-based chemotherapy as effective for
pancreatic carcinoma in the adjuvant setting (15,16),
although two Japanese studies could not confirm any benefit
from fluorouracil-based adjuvant chemotherapy (17,18).
Gemcitabine has been introduced as a drug to improve
overall survival and provide definite clinical benefit, such as
reducing cancer pain (9). A German and Japanese group
recently reported the definite effectiveness of postoperative
adjuvant chemotherapy using gemcitabine to improve
recurrence-free survival (10,11). Evaluating the effectiveness
of this agent in the present study was difficult, since the
application of gemcitabine was not randomly controlled in
our series. However, the 5-year survival rate of around 50%
for patients who received postoperative adjuvant gemcitabine
would indicate the possible anti-tumor power of this agent.
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Table 3. Factors from multivariatc analysis influcncing survival

Factor Hazard ratio 95% confidence interval P-value
Tumor size

<3cm

>3cm 2.57 1.21-5.48 0.014
Residual tumor (RO vs. R1, 2)

RO

R1.2 2.65 1.26-5.57 0.010
Postoperative usc of gemcitabine

Not performed

Performed 0.42 0.20-0.93 0.031

One of the notable features of the present series was the
high ratio (34%) of carcinoma of the body and tail of the
pancreas among all resected invasive ductal adenocarcinoma.
Almost all western series have included <10% body and tail
tumors among all resected pancreas cancers (6,19). Another
report from Japan (8) have shown 30% of body and tail car-
cinomas of all resected tumors and a nationwide survey by
the Japanese Pancreas Society reported that cancer of the
body and tail of the pancreas comprise 17.5% of all resected
tumors (20). Such a high ratio of body and tail cancer in
Japanese series might suggest racial differences in this carci-
noma, or alternatively, characteristics of tertiary referral
centers specializing in cancer treatment. In the present
series, 51 of the 76 patients (67%) had no subjective symp-
toms on diagnosis of tumor, suggesting relatively early diag-
nosis by an effective system at outpatient clinics. Another
characteristic finding of this series was a low rate [7% (5 of
76)] of poorly differentiated tumor. Such high-grade tumors
account for around 40% in western reports (6,19). A
Japanese nationwide survey reported that poorly differen-
tiated tumor comprised 10.6% of resected cases (20).
Histological differentiation is reportedly one of the tumor-
related factors identified as predictive of post-resection survi-
val (19,21—23). Comparable overall survival between this
series and others would suggest differences in criteria for
pathological diagnosis.

Cancer patients are at high risk of developing a second
cancer after the treatment of initial cancers. According to the
literature, multiple primary carcinomas in some pancreatic
cancer patients might be caused by a genetic predisposition
(24). In the present series, 45% of patients displayed mul-
tiple primary tumors other than pancreas cancer. All patients
with metachronous multiple cancers were diagnosed as
having second pancreatic malignancies during periodic
checkups for a previously diagnosed cancer. However, no
differences in TNM staging were found between patients
with metachronous multiple tumors and those with no or
synchronous tumors and post-resection survival time was
similar between groups, as already reported (23). This result
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suggests aggressive characteristics of the tumor and the diffi-
culty of early diagnosis for pancreatic cancer due to a lack
of sensitive screening markers or diagnostic modalities.

RO resection was an independent factor for post-resection
survival in multivariate analysis in the present series
(Table 3). Complete resection is reportedly important in
achieving favorable survival after surgery (19,21,22,26). In
the present series, median survival time for RO resection
patients was 2.3 years, comparable to other larger series (6—
8,27). The most common site of final positive resection
margins is the retropancreatic surface facing the celiac axis
or superior mesenteric artery or retroperitoneal tissue
(13,19). This part cannot be assessed in the early course of
resection and further resection to achieve negative margins is
usually impossible, particularly when cancer cells have infil-
trated into the neural plexus around the celiac axis or
superior mesenteric artery. In the present series, 14 of 47
patients with retroperitoneal invasion (30%) displayed
cancer-positive dissected margins, while 1 of 24 patient
without retroperitoneal invasion (4%) had residual tumor,
indicating significant relationship with these factors (P =
0.01). Such a relationship would influence the result of
multivariate analysis. Lillemoe et al. (28) and Kuhlmann
et al. (29) reported that microscopic incomplete pancreato-
duodenectomy gave better survival and palliation to patients
with pancreas carcinoma than bypass operation. In the
present series, patients with microscopic residual tumor fared
similar to those with gross remnant disease after surgery and
those of R1 or R2 resection altogether showed median survi-
val of 1.3 years. The latest report of chemotherapy including
gemcitabine for locally advanced and/or metastatic pancrea-
tic carcinoma indicated median survival time of 6—8 months
(30-33). Thus, our data support the role of palliative distal
pancreatectomy, which is simpler and safer compared to the
Whipple procedure, in patients with left-sided pancreas
cancer.

As for other operative or tumor factors, only tumor size
was found to be an independent predictive factor for post-
resection survival. Tumor size is the factor which has long
been reported as a potential prognostic factor after surgery of
pancreatic cancer (5,19,27,34). Intraoperative blood loss and/
or transfusion requirements are frequently reported as predic-
tors of post-resection survival for invasive pancreatic cancers
(19,21,35). In the present series, tumor size (<3 vs. >3 cm)
had a significant relationship with volume of operative blood
loss (<1000 vs. >1000 ml) (P =0.01 by chi-square test)
and tumor stage (P = 0.04 by chi-square test). According to
such and above-mentioned interaction, operative blood loss
> 1000 ml and positive retroperitoneal invasion should not
be independent factor in the multivariate context.

The present study revisited and reconfirmed the ominous
outcomes of left-sided pancreatic carcinoma. However, we
also verified that appropriate patient selection, accurate surgi-
cal technique and postoperative adjuvant therapy could
provide benefits for the survival of patients with carcinoma
of the pancreas body and tail.
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Prognostic impact of pancreatic
margin status in the intraductal
papillary mucinous neoplasms of

the pancreas

Tsutomu Fujii, MD, PhD,” Koichi Kato, MD, PhD,* Yasuhire Kodera, MD, PhD,* Mitsure Kanda, MD,*
Shun_]l Nagai, MD,” Suguru Yamada, MD, PhD,”* Akiyuki Kanzaki, MD," leoyulu Sugimoto, MD,
PhD,? Shuji Nomoto, MD, PhD,* Shin Takeda, MD, PhD,* Satoshi Morita, PhD,

Shigeo Nakamura, MD, PhD,® and Akimasa Nakao, MD, PhD,” Nagoya and Yokohama, Japan

Background. Intraductal papillary mucinous neoplasm (IPMN) of the pancreas often recurs after
operative resection. The absolute risk and incidence of recurrence, howevey, especially in the remnant
pancreas, is unknown.
Methods. We reviewed our 18-year experience of 144 surgical cases of IPMNs and selected 103 cases of
benign IPMN and carcinoma in situ (CIS) for analysis of the clinicopathologic features and long-term
outcome of the recurrent disease, with particular emphasis on the status of the cut margins of the
ancreas.
ﬁesults. No patient with benign IPMN died within 5 years. Recurrences in the remnant pancreas were
observed in 9 cases: 4 (4.9% ) among the 81 cases of benign IPMNs and 5 (22.7 % ) among the 22 cases
of CIS. All recurrences were considered as multicentric because none recurred at the true resection margin
of the previous operative resection. The pancreatic transection margin was normal or hyperplastic in 64
patients, whereas adenoma was detected at the margin in 28 patients. The presence of adenoma had no
influence on the outcome, and recurrence in the remnant pancreas was diagnosed in 5 (7.8%) of 64
adenoma-negative patients and 3 (10.7%) of 28 adenoma-positive patients. Furthermore, both overall
survival and recurrencefree survival were similar between the 2 groups.
Conclusion. In benign IPMN and CIS, a favorable prognosis can be expected irrespective of the status of
the pancreatic cut surface, although follow-up with adequate imaging studies is recommended for
detection and resection of the recurrent disease. (Surgery 2010;148:285-90.)
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INTRADUCTAL PAPILLARY MUCINOUS NEOPLASM (IPMN) 1s
increasingly recognized as a disease entity and is
characterized by an adenomatous proliferation of
pancreatic duct epithelium that may involve the
main pancreatlc duct or ductal branches alone or
in combination.'” IPMN is composed of a spectrum
of diseases from benign to malignant.'® This
neoplasm is rare, as it accounts for only 1% of
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pancreatic neoplasms and 24% of pancrcahc cystic
neoplasms, according to previous reports.™ ° IPMNs
exhibit different degrees of malignancy, which
range from adenoma with mild atypia to invasive
carcinoma. Most IPMNs, including noninvasive in-
traductal papillary mucinous carcinomas (IPMCs),
have a more favorable prognosis than pancreatic
ductal adenocarcinoma, although some cases of
invasive IPMC have a poor prognosis.””

Because the entire pancreatic duct is poten-
tially at risk of developing into a neoplasm, long-
term follow-up is recommended after operative
resection for IPMN.”"" We sometimes encounter
recurrence of the IPMNs in the pancreatic rem-
nant for which repeated pancreatectomy should
be considered in the absence of distant metasta-

' Litle is known, however, about the etiology,
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risk factors, and actual incidence of recurrence in
the remnant pancreas, with the exception of some
studies that involved a small number of pa-
tients.'>'* In the current study, we reviewed our
institutional experience during the past 18 years
to analyze the clinicopathologic features of IPMNs
with particular emphasis on recurrences in the
remnant pancreas and with the status of the pan-
creatic cut margin at the initial operative resec-
tion. The primary aim of the study was to
explore the indication for additional resection of
the pancreas when a cut margin is found intrao-
peratively to be positive for neoplastic cells.

PATIENTS AND METHODS

Patient characteristics. In all, 144 patients with
IPMN who underwent operative resection between
March 1991 and July 2009 were retrieved from the
prospective database of the Department of Surgery
II, Nagoya University. The association between
various clinicopathologic parameters and clinical
outcome was assessed. Because the main focus of
this study was to evaluate the influence of the
pancreatic cut margin status on the recurrence in
the remnant pancreas, invasive IPMCs were ex-
cluded and 104 patients with benign IPMN (IPM
adenoma [IPMA] and borderline IPMN) and car-
cinoma in situ (CIS) were selected for analyses.
This case series includes 57 patients who under-
went another analysis in the authors’ previous
publication.H All patients were followed for a
mean period of 47.0 months or until death.

Various state-of-the-art diagnostic modalities
were introduced during the 2 decades of patient
accrual. Patients underwent computed tomogra-
phy (CT) and endoscopic retrograde cholangio-
pancreatography (ERCP) as the standard imaging
studies until the introduction of magnetic reso-
nance cholangiopancreatography (MRCP) in 1995
that replaced ERCP. After 2000, multidetector row
CT (MDCT) and endoscopic ultrasonography
(EUS) were performed in addition to MRCP. After
2003, positron emission tomography was used
where necessary to differentiate between IPMN
and invasive adenocarcinoma. CT/MDCT or EUS
was routinely performed every 6 months as a
postoperative follow-up examination.

The study was approved by the hospital’s ethics
committee. Informed consent was obtained from
all patients for the subsequent use of resected
tissues.

Pathologic examination. All pathologic speci-
mens were reviewed by pathologists at our institu-
tion. The tumors were classified into 2 subtypes
based on the principal site of tumor involvement
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as follows: the main duct type, in which the lesion
was located in the dilated main pancreatic duct
with or without involvement of dilated branch
ducts, and the branch duct type, in which the
branch ducts were dilated without involvement of
the main pancreatic duct. They were also graded as
IPMA, borderline IPMN, CIS, and invasive carci-
noma according to the criteria established by the
World Health Organization (WHO)."® An intrao-
perative frozen-section examination of the pancre-
atic transection margin was performed, and the
extent of each pancreatectomy was extended if
CIS or invasive carcinoma was confirmed. Overall
survival (OS) and recurrence-free survival (RFS)
were compared according to the histopathology
of IPMN and the final pancreatic cut surface status.

Statistical analysis. The OS rates were estimated
using the Kaplan-Meier method, and the differ-
ences in survival curves were analyzed using a log-
rank test. A statistical analysis was performed using
Stat View software (version 5.0; Abacus Concepts,
Berkeley, CA). All continuous data are presented
as mean * standard deviation of the mean. The
presence of a statistically significant difference was
denoted by P < .05.

RESULTS

Patient characteristics, surgical treatment, and
survival rate. The patient characteristics of 144
cases of IPMNs are summarized in Table I. This
study included 89 males (62%) and 55 females
(38%), with a mean age of 64.8 years (range, 29-
82). Ninety-nine (69%) of 144 patients had disease
localized in the head of the pancreas. Forty-nine
IPMNs (34%) were of the main duct type and 95
(66%) were of the branch duct type. Histologic
diagnosis was as follows: adenoma in 78 (54%)
patients, borderline in 3 (2%) patients, CIS in 22
(156%) patients, and invasive carcinoma in 41
(28%) patients. There were no operative or in-
hospital deaths.

Correlations between histopathologic diagnosis
and prognosis. No patient with benign IPMN died
within 5 years of operative resection, and both the
OS and RFS of patients with invasive carcinoma
were significantly worse than benign IPMNs and
CIS (data not shown).

Type of recurrence. Of 104 patients with benign
IPMN and CIS, 10 patients developed recurrence
(Table 11). The recurrence occurred in the rem-
nant pancreas in 9 patients, and at the peritoneal
surface in 1 patient. All recurrences in the rem-
nant pancreas were considered to be multicentric
and occurred in sites other than the cut surface
of the previous operative resection. The only case
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Table I. Demographics and clinical characteristics
of 144 patients

Characteristic Value
Age (years) mean + SD (range) 64.8 +9.7
(29-82)
Sex (male/female) 89/55
Follow-up period (months) 409
mean (range) (1-189)
Type of tumor
Main duct IPMN 49
Branch duct IPMN 95
Tumor location
Head 99
Body 40
Tail 5
Histopathologic rype
Benign (adenoma—borderline) 81
Carcinoma in situ 22
Invasive carcinoma 41
Operation
Total pancreatectomy 7
Pancreatic head resection
PD, PPPD 45
PHRSD 43
DPPHR 1
Middle pancreatectomy 21
Distal pancreatectomy 27

DPPHR, Duodenum-preserving pancreatic head resection; PD, pancreati-
coduodenectomy; PPPD, pylorus-preserving pancreaticoducdenectomy.

of peritoneal recurrence was observed in a patient
with CIS, and it may be attributable to the EUS-
guided fine-needle aspiration biopsy that was per-
formed prior to the operative resection. The asso-
ciation between the type of histopathology and
recurrence was examined. Four of 81 (4.9%) pa-
tents with benign IPMNs had recurrences in the
remnant pancreas, although none had extra-
pancreatic recurrences (Table 11I). The recurrence
rate among patients with CIS was higher at 22.7%
(5/22 patients).

Pancreatic cut surface status. The final pancre-
atic transection margin was normal epithelium or
hyperplasia in 64 patients (adenoma-negative
group) and adenoma in 28 patients (adenoma-
positive group). The pancreatic cut surface status
could not be evaluated in 10 patients, and the
remaining patient underwent total pancreatec-
tomy. In the current series, 91 of 92 frozen sections
were concordant with the permanent section, which
is an accuracy rate of 99%. The only case of misdi-
agnosis had a false-positive result, by which the
margin was reported intraoperatively as adenoma
but turned out to be the normal epithelium on the
permanent section. The incidence of recurrent
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IPMN in the remnant pancreas was not influenced
by the presence of adenoma at the cut surface, and
it was diagnosed in 5 (7.8%) of 64 adenoma-
negative patients and 3 (10.7%) of 28 adenoma-
positive patients, respectively (Table IV). Finally, no
significant differences in OS or RFS were observed
between the 2 groups (Figs 1 and 2).

DISCUSSION

The concept of IPMN was proposed by the
WHO in 1996."° Recently, the number of asymp-
tomatic JPMNs detected during routine screening
program has increased as a result of advanced
imaging modalities such as MDCT.'""?

Characteristically, IPMN has a broad range of
histologic malignancy grades."'® In addition, be-
cause IPMN often exhibits intraductal spread and
skip lesions, it is difficult to define the extent of
pancreatic parenchyma to be resected.”™™ As the
therapeutic strategy including indication for oper-
ative resection and extent of the pancreas to be re-
sected depends on these factors, a precise
diagnosis of malignancy grade and location is
needed. Several diagnostic criteria for malignant
potential of IPMN have been reported.***® Opera-
tive indications include all main duct [IPMNs and
branch duct IPMNs of more than 30 mm in diam-
eter or with mural nodules.”>’

Because of intraductal development of the
IPMN, a determination of the extent of tumor
spread is often difficult by imaging studies. Al-
though we usually observe mucosa of the main
pancreatic duct using an intraoperative pancreato-
scope to check for residual lesions, an examination
of the pancreatic cut margin through intraoper-
ative frozen section is considered also to be an
essential procedure.™””’ Microscopic foci of tumor
cells are often found at the margin even if the re-
section margin seemed likely to be tumor free
macroscopically or by the imaging studies. This is
1 of the most important pitfalls to be bear in
mind in the surgical treatment of IPMN. Accord-
ing to the International Consensus Guidelines for
Management of Intraductal Papillary Mucinous’
Neoplasms and Mucinous Cystic Neoplasms of
the Pancreas, IPMAs at the resected margin do
not warrant subsequent resection because they
bear only minimal risk of progression to cancer.’”
Because sufficient data have not been reported,
however, we evaluated the implications of margin
status.

In our series, recurrence occurred only in the
remnant pancreas, and no extrapancreatic recur-
rence was observed with the exception of 1 pa-
tient, which is possibly of iatrogenic origin. Our
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Table II. Recurrence type and prognosis of 10 cases
Duration
Location, until
Surgical  type of Margin  recurrence  Site of Second Second Prognosis
Patient age/sex procedure IPMN  Pathology  status (years) recurrence  pancreatectomy  pathology (years)
Remnant pancreas
1  57/M MP Pb, BD Adenoma Unknown 130 Remnant PR Invasive  Alive (13.8)
pancreas
2 58/F DP Pb, MD CIS Negative 7.3 Remnant  (Unresectable) Dead (9.7)
pancreas
3 68/M MP Pb, BD Adenoma Adenoma 104 Remnant PD Invasive  Alive (11.7)
pancreas
4 29/M MP Pb, BD CIS Negative 55 Remnant PHRSD Invasive  Alive (8.0)
pancreas
5 75/F DP Pb, MD CIS Negative 2.3 Remnant TP Invasive Alive (4.1)
pancreas
6 70/M PPPD Ph, MD CIS Negative 2.2 Remnant DP Invasive  Alive (3.9)
pancreas
7 78/F PHRSD Ph, BD Adenoma Adenoma 1.7 Remnant  (Observation) Alive (3.1)
pancreas
8 72/M PPPD Ph, BD Adenoma Adenoma 0.8 Remnant TP Borderline Alive (1.6)
pancreas
9 61/F PHRSD Ph, MD CIS Negative Unknown Remnant  (Unresectable) Dead (2.4)
pancreas
Extra-pancreas
10 57/M DP Pb, BD CIS Negative 2.9 Peritoneum — Dead (3.4)

BD, Branch duct type; DP, distal pancreatectomy; MD, main duct type; PD, pancreaticoduodenectomy; PR, partial resection; PPPD, pylorus-preserving

pancreaticoduodenectomy; TF, total pancreatectomy.

Table III. Histopathology of IPMN and recurrence
Number of patients with

recurrence
Remnant

Histopathology of IPMN  n pancreas  Extra-pancreas

Benign (adenoma 81 4 (4.9%) 0

and borderline)
Carcinoma in situ

22 5 (227%) 1 (4.5%)

results suggested that the recurrence rate after
pancreatectomy for IPMN was not increased and
OS/RFS rates were not influenced when IPMA
was detected on the pancreatic cut surface. This
finding may indicate that neither subsequent
resection nor total pancreatectomy is necessary,
in accordance with the International Consensus
Guidelines. Patients with positive margins may
have a good prognosis because IPMN is typically
slowly growing, the branch duct IPMN in partic-
ular has little possibility of becoming malignant,
and only a small number of neoplastic cells are
estimated to be present at the cut surface.””™ Ad-
ditionally, this result may indicate that IPMA and
CIS are good candidates for limited operations
such as pancreatic head resection with segmental

duodenectomy (PHRSD) and middle pancreatec-
tomy (MP).> It may be useful to bear in mind
when surveying patients postoperatively that the
incidence of recurrences in patients with CIS
was somewhat greater than that in patients with
benign IPMN. An analysis of a greater number
of patients is needed to establish the optimal
method of follow-up.

In addition, invasive IPMC, which had an ad-
verse prognosis frequently involving extra-
pancreatic recurrences, should be treated as a
different disease entity. As in the invasive ductal
adenocarcinoma of the pancreas, extended pan-
createctomy with lymph node dissection and post-
operative multimodality therapy could be
proposed to improve the prognosis.

This study has some limitations. It covered
almost 18 years, during which preoperative and
postoperative diagnostic approaches improved
considerably. Principles in the therapeutic ap-
proaches, however, have remained -consistent,
and high accuracy of the intraoperative frozen
section analysis was retained throughout this time
period. Furthermore, because of refinements in
the diagnostic modalities, surgical cases of IPMN
have increased prominently over the years, and as
many as 90 of the 144 cases in the current study
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Table IV. Pancreatic margin status and recurrence
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Recurrence Recurrence
Margin status n Overall recurrence in the remnant pancreas in the extra-pancreas
Adenoma : 28 3 (10.7%) 3 (10.7%) 0
Negative 64 6 (9.4%) 5 (7.8%) 1 (1.6%)
Unknown 10 1 (10%) 1 (10%) 0
Total pancreatectomy 1 0 0 0

03 -
- s Negative (n=64)
2 06 ] NS.
: 1 emmee— Adenoma (n=28)
L 4
=§ 0.4 1
3
o
02 -+
0 -
T T b ) T b T v M ¥
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Years afler surgery

Fig 1. Pancreatic cut surface status and overall survival.
No significant difference was observed between the 2
groups.
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% 924
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Years after surgery

Fig 2. Pancreatic cut surface status and recurrence-free
survival. No significant difference was observed between
the 2 groups.

had been treated during the last 5 years. Although
this study remains preliminary and may be biased
by the small sample size, more reliable results are
likely to be available in the future.

In conclusion, our results offered valuable in-
sight for operative and postoperative management
of IPMN. In IPMA and CIS, although periodic
imaging examinations by MDCT and EUS after
pancreatectomy seem to be necessary for detection

of recurrent IPMN in the remnant pancreas,
patients can expect to have a favorable prognosis
irrespective of the pancreatic cut surface status.
Therefore, organ-preserving operations such as
PHRSD and MP can be indicated and no subse-
quent resection is needed even if IPMA is con-
firmed at the margin.
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Abstract: Pancreatic cancer has the worst prognosis of all gastrointestinal neoplasms.
Five-year survival of pancreatic cancer after pancreatectomy is very low, and surgical
resection is the only option to cure this dismal disease. The standard surgical procedure is
pancreatoduodenectomy (PD) for pancreatic head cancer. The morbidity and especially the
mortality of PD have been greatly reduced. Portal vein resection in pancreatic cancer
surgery is one attempt to increase resectability and radicality, and the procedure has become
safe to perform. Clinicohistopathological studies have shown that the most important
indication for portal vein resection in patients with pancreatic cancer is the ability to obtain
cancer-free surgical margins. Otherwise, portal vein resection is contraindicated.

Keywords: pancreatic cancer; portal vein resection; isolated pancreatectomy; catheter-
bypass of the portal vein

1. History of Portal Vein Resection

The procedures for pancreatoduodenectomy (PD) and alimentary tract reconstruction after PD were
established during the 1940s [1-3]. PD became the treatment of choice for cancer of the pancreatic
head region. The importance of combined resection of the portal vein for pancreatic head cancer to
increase resectability and radicality was emphasized by Child [4]. He performed a two-stage operation.
The first stage involved ligation of the portal vein; then, after development of collateral circulation, PD
combined with portal vein resection was completed as the second stage, without reconstruction of the
portal vein. However, this two-stage operation had a definite disadvantage; therefore, it was never
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further developed [4]. One-stage PD combined with portal vein resection using portocaval anastomosis
was performed by McDermotte [5], but this procedure was not pursued either because of the
possibility of Eck syndrome. Therefore, reconstruction of the portal vein is necessary. To reconstruct
the portal vein after resection, homo- or autograft vessel transplantation [6—8] and the use of an
artificial vessel [9,10] have been reported. The 1deal reconstruction of the portal vein is end-to-end
anastomosis of the portal vein [11-13]. This procedure has become quite common. The catheter-
bypass procedure of the portal vein has since been developed and has contributed to portal vein
resection and reconstruction with safety and ease [14]. Using this catheter bypass procedure of the
portal vein, isolated PD combined with portal vein resection has been performed, which involves a
non-touch isolation technique [15].

2. Catheter-Bypass Procedure and Isolated Pancreatectomy

In PD, the arteries that flow into the pancreatic head region are ligated and divided, and the
drainage veins from the pancreatic head are ligated and divided before manipulation of the pancreatic
head. Kocher’s maneuver is not performed in isolated PD. The first step of this operation uses a
mesenteric approach to dissect lymph nodes and nerve plexuses around the superior mesenteric artery,
and the inferior pancreatoduodenal artery is ligated at the root (Figure 1). Catheter-bypass of the portal
vein using an antithrombogenic catheter was used to prevent portal congestion or hepatic ischemia
during resection and reconstruction of the portal vein or simultaneous resection of the portal vein and
hepatic artery (Figures 2 and 3) [14,15]. Para-aortic lymph node dissection is performed after isolated
pancreatectomy ‘and before reconstruction of the portal vein. Portal vein reconstruction is done by
end-to-end anastomosis between the portal and superior mesenteric veins. No reconstruction of the
splenic vein is necessary by distal gastrectomy (Figure 4).

Figure 1. Photograph of lymph node dissection around the superior mesenteric vein and
artery, by the mesenteric approach. The inferior pancreatoduodenal artery is exposed,
ligated and divided. SMA, superior mesenteric artery; SMV, superior mesenteric vein;
IPDA, inferior pancreatoduodenal artery.
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Figure 2. Procedures for bypassing the portal vein. UV, umbilical vein; PV, portal vein;
SV, splenic vein; SMV, superior mesenteric vein; IVC, inferior vena cava, IMV, inferior
mesenteric vein; FV, femoral vein; GSV, greater saphenous vein.

Intestine

Figure 3. Photograph of catheter-bypass between the mesenteric and femoral veins. One end
of the catheter is inserted in one of the branches of the superior mesenteric vein, and the other
end in the femoral vein via the right greater saphenous vein. Portal venous blood flows into
the femoral vein owing to the pressure differences between the portal and femoral veins.
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Figure 4. Isolated PD combined with portal and superior mesenteric veins resection,
para-aortic lymph node dissection, and reconstruction of the portal vein by end-to-end
anastomosis i1s done under catheter-bypass of the portal vein. PV, portal vein; SMV,
superior mesenteric vein; CHA, common hepatic artery; SA, splenic artery; SV, splenic
vein; CA, celiac artery; Aor, aorta; IMV, inferior mesenteric vein; Panc, pancreas; CHD,
common hepatic duct; IVC, inferior vena cava; SMA, superior mesenteric artery.

3. Morbidity and Mortality

The morbidity rate of PD with portal vein resection has remained relatively high, whereas mortality
rates of PD with portal vein resection have decreased. Siriwardana et al. have reviewed the outcome of
portal vein resection during pancreatectomy for cancer [16]. They studied 52 non-duplicated papers
that have provided relevant data from 1646 patients [16]. Data were available on operating time in 20
studies with a total of 616 patients. Histological evidence of portal vein invasion was detected in 668
(63.4%) of 1054 portal vein resection specimens. The rates of invasion ranged from 3% to 86% in 30
studies. Resection margins were positive in 346 (39.8%) of 870 patients with portal vein resection in
23 studies, with a range of 0-85%. Postoperative morbidity ranged from 9% to 78%, with a median per
cohort of 42%. There were 73 (5.9%) reported deaths among 1235 patients in 39 studies that reported
mortality after portal vein resection. The reported mortality rates in these studies ranged from 0 to
26%. The mortality rate of portal vein resection was >20% at the beginning of the era of portal vein
resection 30 years ago; however, the rate has decreased to <5% in recent years.

4. Survival

Siriwardana et al. have studied survival after portal vein resection during pancreatectomy for
pancreatic cancer [16]. The median survival was 13 months for 917 patients who underwent portal
vein resection in 31 studies. The reported median survival ranged from one to 109 months [16]. The
one-, three- and five-year survival rate for 1,351 patients who underwent portal vein resection in 40
studies was 50%, 16% and 7%, respectively, as shown in Figure 5 [16]. Comparative survival
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curves from 23 studies of pancreatic resection with and without portal vein resection are shown in
Figure 6 [16]. From 1981 to 2005, of 464 patients with pancreatic carcinoma, 305 (65.7%) underwent
tumor resection in our department and vascular resection was performed in 212 (69.5%) of these.
Operative mortality was 3.6% (11/305) in resected patients, 1.1% (1/93) in patients without vascular
resection, 2.5% (5/197) in patients with portal vein resection without arterial resection, and 35.7%
(5/14) in patients with portal plus arterial resection [17,18]. Figure 7 shows the cumulative survival
rates, including operative and hospital deaths among patients with and without portal vein
preservation, those with combined portal and arterial resection, and those with unresectable carcinoma
of the pancreatic head. There was no significant difference in survival between unresectable patients
and those who underwent combined portal and arterial resection. These data mean that carcinoma
invasion to the superior mesenteric, celiac and common hepatic arteries is a contraindication for
resection. Angiographic findings on portography were classified into four types: A, normal; B,
unilateral narrowing; C, bilateral narrowing; and D, marked stenosis or obstruction with collateral
veins [17]. Figure 8 shows that the prognosis after resection correlates with the angiographic findings
in patients with pancreatic head carcinoma [17-19]. Cumulative survival rates based on
histopathological portal invasion or invasion of the dissected peripancreatic tissue margin in resected
pancreatic head cancer are shown in Figure 9. Histopathological carcinoma invasion of the portal vein
wall was detected in 64.5% (12/186) in patients with portal vein resection for pancreatic head cancer.
Survival for more than one year after resection was observed in the group with tumor-free margins,
even when the portal vein wall had been invaded. In contrast, cumulative survival rates in patients with
cancer-positive margins were quite low, and showed no statistically significant difference from the rate

in patients with unresectable tumors.

Figure 5. Survival after pancreatic cancer with portal vein resection. The blocks represent
the total numbers of known survivors at each time interval (from [16]).
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