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Abstract
AIM: To evaluate the significance of extended radical
operation and its indications.

METHODS: Between January 1995 and December 1998, 56
inpatients with pancreatic head cancer received operation.
Among them 35 patients (group 1) experienced the Whipple
operation, and 21 patients (group 2) received the extended
radical operation. The 1-, 2-, 3-year cumulative survival
rates were used to evaluate the efficacy of the two operative
procedures. Clinical stage (CS) was assessed retrospectively
with the help of CT. The indications for extended radical
operation were discussed.

RESULTS: There was no difference in hospital mortality
and morbidity rates. Whereas the 1-, 2-, 3-year cumulative
survival rates were 84.8%, 62.8%, 39.9% in the extended
radical operation group, and were 70.8%, 47.6%, 17.2%
in the Whipple operation group, there was a significant
difference between the two groups (P<0.001, P<0.001,
P<0.001, respectively). Most of the deaths within 3 years
after operation were due to recurrence in the two groups.
However, the 1-, 2-, 3-year cumulative rates of death
due to local recurrence were decreased from 37.4% in
patients that received the Whipple procedure to 23.8% in
those who received by extended radical operation. Patients
who survived for more than 3 years were only noted in
those with CS1 in the Whipple procedure group and were
founded in cases with CS1, CS2 and part of CS3 in the
extended radical operation group.

CONCLUSION: The extended radical operation appears
to benefit patients with pancreatic head carcinoma which
was indicated in CS1, CS2 and part of CS3 without severe
invasion.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Although surgical resection is the only approach that can
offer a possibility of cure for pancreatic cancer, however, the
prognosis after curative resection continues to be the worst
of the gastrointestinal neoplasms, there have been many
controversies about whether extended radical resection is
worthwhile or not compared with the Whipple procedure[1-3].
In the present study, an attempt was made to evaluate the
effectiveness of extended radical operation in the treatment
of pancreatic head cancer in comparison with the Whipple
procedure and to discuss its indications.

MATERIALS AND METHODS

Patients
A total of 56 patients with pancreatic head carcinoma were
admitted to our Department from January 1995 to December
1998. Among them 39 were males and 17 females with an
average age of 57.8 years (range 46-71years). The patients
did not receive any anticancer therapy before and after
operation.

Methods
We performed the Whipple operation (Group I) and
extended radical operation (Group II), respectively. In Group I,
men/women were 2.2:1 with a median age of 57.3±4.6 years;
in Group II men/women were 2.5:1 with a median age of
58.9±5 years. Lymphatic clearance in Group I was limited
to that located directly adjacent to the pancreatic head. In
the pancreas, the pancreatic resection line was on the left
border of the superior mesenteric vein. In the subjects of
Group II, the lymph node clearance was performed by
dissection of N1 and N2 groups along with a proper
clearance of N3 group and neighboring connective tissue
clearance (Figures 1A and B). Among these nerve-plexuses
resection around the retroperitoneum was conducted in 13
cases, resection and reconstruction of the portal-vein system
were performed in 6 cases, and resection of  the common
hepatic artery or superior mesenteric artery was carried out
in four patients. The resection line for pancreatic tissues
was 1-2 cm from the left border of the aorta.

The clinical stage (CS) for all enrolled patients was assessed
retrospectively by two independent and experienced examiners
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according to the maximal tumor size (T), retropancreatic
invasion (Rp), portal-vein invasion (PV), and arterial
(hepatic, celiac, or superior mesenteric artery) invasion
from preoperative diagnostic images such as computed
tomography (CT) scan and abdominal selective angiogram.
Based on assessments of these four factors on a four-
grade scale, the disease was classified in one of the four
CS, using the following criteria: T1 0-2 cm, T2 2.1-4 cm,
T3 4.1-6 cm,T4 >6 cm; Rp0 normal retropancreatic tissue
on CT scan, Rp1 slight speculation in retropancreatic tissue,
Rp2 limited invasion, Rp3 severe invasion; PV0 normal
appearance of portal-vein, PV1 mild irregularity or rigidity
of portal-vein, PV2 moderate irregularity of portal-vein,
PV3 severe irregularity or stenosis of the portal-vein; A0
normal appearance of  the major ar teries, A1 mild
displacement or rigidity of the major arteries, A2 moderate
displacement or irregularity of the major arteries, A3
stenosis of a major artery.

CS1 T1, Rpo, PVo,A0-1.CS2 T1-2, Rp1, PV1, A0-1.CS3 T2-3
Rp2, PV2, A1-2.CS4 T3-4, Rp2-3, PV2-3, A2-3
The maximal size was verified postoperatively and accessed
with the same staging method as that used in CT image
staging. Retroperitoneal invasion was divided into ‘interstitial
invasion’ and lymph node involvement, interstitial invasion
includes lymphatic vessel, neural, and soft tissue invasion.
Presence or absence of vascular invasion was recorded as
‘positive’ or ‘negative’. All findings of CT images were
compared with pathological results. The resected specimens
were in turn fixed in 40 g/L formaldehyde solution, sliced
into 5 µm sections, stained with hematoxylin and eosin, and
examined with light microscope.

All patients were followed up postoperation and surveyed
every 6 mo by systemic medical check-up including
determinations of  plasma carcinoembryonic antigen and
CA19-9, ultrasonography and CT to make sure whether
and where cancer recurrence developed. The tumor relapse
was grossly classified as local, distant, or both according to
the site of recurrence. Local recurrence was defined as a
recurrent tumor mass within the tumor bed, while the
distant recurrence was classified as hepatic metastasis and
peritoneal dissemination.

The cumulative survival rate was calculated by a life
table method. Statistical analysis was performed by using t
and 2 test. P value less than 0.05 was considered statistically
significant.

RESULTS
Operative deaths were defined as those occurred within 30 d
after operation. Hospital morbidity and mortality were 12.5%
and 0% in group I and 14% and 0% in group II, respectively.
There were no differences between the two groups. These
data indicated that extended radical operation could be
performed as safely as the Whipple procedure.

Clinical stages
4, 28, 3, 0 cases in group I and 2, 6, 9, 4 cases in group II
respectively belong to CS1, CS2. CS3, and CS4. The
distribution of cases based on the following factors such as
maximum tumor size, retropancreatic invasion, and
enterohepatic vascular invasion see Table 1.

There was no significant difference in the distribution
of in CS1(T1; Rp0; PV0, A0-1) and CS2(T1-2 Rp1 PV1
A0-1) between the two groups. However, more CS3(T2-3,
Rp2 PV2 A2) and CS4(T3-4 Rp2-3 PV2-3 A2) patients had
extended radical operation performed on them.

Histopathological correlation
Tumor diameter ranged between 1.5 and 6.5 cm (mean
3.6 cm), in addition to pancreatic cancer coexisting with
chronic pancreatitis (n = 3), pathological result were consensus
with CT imaging. Histological assessment of Rp: negative
pathological test for Rp0, Rp1 present with inflammatory
adherence (n = 4) and microscopic metastasis in the form
of  tiny lymph nodes, lymphatics, and nerves invasion which
were embedded in soft tissue (n = 22). Rp2 and Rp3 exhibited
positive pathological outcomes. Rates of histologically proved
metastasis to individual lymph nodes observed in our series
were as follows: N1: N06: 23.8% (n = 5), N08: 14.4% (n = 3),
N012inferior: 33.3% (n = 7), N013: 33.3% (n = 7), N014: 28.6%
(n = 6), N017: 33.3% (n = 7), N2: N09: 14.4% (n = 3), N011:
19.1% (n = 4), N012superior23.8% (n = 5), N016:23.8% (n = 5);
N3: N03: 0%, N04: 0%, N05: 14.4% (n = 3), N07: 13.3% (n = 2).
All metastatic lymph nodes present with the shape of big,

Figure 1  A and B exhibit the ranges of lymph node clearance and neighboring
connective tissue dissection. N2 nodes were cleared with neighboring connective

tissue. The major vessels including aorta, inferior vein, resection as well as
resection and reconstruction of the portal vein were performed.

Table 1  Case distribution in different CS of pancreatic cancer be-
tween two groups

Operative                T              Rp               PV           A
procedures
(patients)        T1 T2 T3 T4     Rp0 Rp1 Rp2 Rp3    PV0 PV1 PV2 PV3    A0 A1 A2 A3

Whipple         5   28  2    0        9     19       7      0        11    15      9       0        21 14    0    0

Extended       4     9   5    3        6       7       6      2         9       8      3       1        12    5    4    0

A B
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middle, small as well as tiny nodus and themselves confluent
types, metastatic frequency of lymph nodes was in turn tiny
nodus (100%), small nodus (83%), middle nodus (79%), big
nodus (66%). From the eight patients with PV2-3A2-3 that
underwent vascular resection, correlation of CT findings
with histopathological results was performed in 10 vessels
(4SMVs, 2PVs, 3CHAs, 1SMAs). Histopathological invasion
was found in 6 of 6 (100%) and 1 of 4 (25%) arteries.
Figure 2 exhibited the histopathological results of CT findings
present with T3Rp2PV2A2

Comparisons of  survival rate of  two surgical treatments
were made, the follow-up period was more than 3 years for
all patients. In group I, six cases were lost and seven cases
died of other diseases within 3 years. The remaining 22
cases died of cancer recurrence, 18 died within 3 years (13
patients died of local recurrence, five patients died of distant
metastasis). In group II, two patients were lost and three

patients died of other diseases within 3 years, the remaining
16 patients died of recurrence, nine patients died within
3 years (five patients died of local recurrence, another four
patients died of distant metastasis). Comparison of the
cumulative rate of  survival between the two groups showed
that the 1-, 2-, and 3-year cumulative survival rates were
70.8%, 47.6%, 17.2% in group I and 84.8%, 62.8%, 39.9%
in group II, respectively. There was a significant difference
between the two groups.

The ratio of  the number of  3-year survivors to the number
of  patients in each clinical subgroup is shown in Table 2.

The clinical tumor classification was compared between
the two groups. A higher proportion of group I such as CS2
and CS3 died of local recurrence, but a significant difference
is observed in CS3 (T2-3 Rp2 PV0-2 A0-1) in group II.
The ratio of the number of local recurrence to the number
of  patients in each clinical subgroup is shown in Table 3.

The clinical tumor classification of patients who died of
distant metastasis was compared between the two procedures.
The ratio of the number of distant metastasis to the number
of  patients in each clinical subgroup is shown in Table 4.

Comparison of the cumulative rate of deaths due to
total cancer recurrence between the two groups showed
that 22 patients in group I and 9 patients in group II died
of recurrence within 3 years after operation, the 3-year
cumulative death rate was 51.4% in group I and 42.9% in

Table 3  Clinical settings in patients who died of local recurrence

Operative                 T                             Rp                                 PV                               A

procedures

(n)                       T1 T2 T3 T4     Rp0 Rp1 Rp2 Rp3    PV0 PV1 PV2 PV3   A0 A1 A2 A3

Whipple          4     8   1     ­         2      6       5       ­          2      7       4       ­       5     8       ­      ­

Extended        0     1   1     3        0      0        2      3          0      0       3       2      0     1      4     0

Table 2  Clinical settings in the patients surviving longer than
3 years

Operative                  T                               Rp                                PV                             A

procedures

(n)                        T1 T2 T3 T4   Rp0 Rp1 Rp2 Rp3    PV0 PV1 PV2 PV3   A0 A1 A2 A3

Whipple            3     1    0    0      4      0      0       0          4       0       0       0       4    0     0     0

Extended        4     2    1    0      3      2      2       0         4       2      1       0       5    2     0     0

Table 4  Clinical setting in the patients died of distant metastasis

Operative                    T                            Rp                                 PV                             A

procedure

(n)                        T1 T2 T3 T4   Rp0 Rp1 Rp2 Rp3   PV0 PV1 PV2 pV3  A0 A1 A2 A3

Whipple             0    3    2    ­       0       2       3        ­         0       1      4        ­       0    5      ­      ­

Extended           0    0    2    2      0       0       3        1        0       0      3       1       0    0     4     0

Figure 2  ‘Interstitial invasions’ (A,B: connective tissue and lymphatic vessel

A

C D

B

invasion; C: nerve invasion); D: PV2 portal venous wall invasion.



group II. There was a significant difference between the
two groups (P<0.05). Thirteen patients in group I and five
patients in group II died of local recurrence, the 3 years
cumulative death rate was 37.1% in group I and 23.8% in
group II (P<0.05). Five patients in group I and four in
group II died of distant metastasis, the 3 years cumulative
death rate was 14.3% in group I and 19.0% in group II.
These data showed that the extended radical operation could
decrease deaths due to local recurrence, but could not reduce
the death rate due to distant metastasis.

Finally, the cumulative survival rates were examined for
their relations to CS as estimated retrospectively from
preoperative assessments of images of the lesion by CT
scan and abdominal selective angiography. As a result the
cumulative survival rates (1-, 2- and 3-year) related to CS,
were shown to be 100%, 71% and 57% for CS1; 71%,
47% and 26% for CS2; 46%, 12% and 7% for CS3; and
7%, 0% and 0% for CS4 patients. Thus 3-year survivors
were noted to exist among CS1, CS2 and part of CS3 patients.

DISCUSSION

In this study, there were no differences in morbidity and
mortality between patients performed by extended vs standard
resection, but survival difference can be detected in patients
with pancreatic cancer that underwent extended radical
operation in comparison with those that underwent Whipple
procedure. Although this was not a randomized trial and
insignificant comparison of  survival rate may be unreliable.
Other prospective, randomized trials also have suggested
that extended radical resection rather than the Whipple
operation could provide survival advantages over patients
with advanced pancreatic head cancer[4,5]. The reasons why
extended lymphadenectomy should be performed are as
follows. Lymph node studies conducted by us in the present
study confirmed that patients who underwent the Whipple
procedure have metastatic lymph nodes beyond the confines
of the Whipple dissection. Pancreatic cancer cells had
aggressively perineural invasion behaviors, even if  there
were no cancer cells at the margin of the pancreas at the
time of surgery, the cancer cells may spread further to the
noncancerous pancreas or retroperitoneum, where
apparently provide a nidus for cancer recurrence after
surgery[6,7]. A relationship between ‘interstitial invasion’ and
lymph node metastases seems to exist. Nagai pointed out
that the ‘interstitial invasion’ was almost invariably found in
the regions where lymph node metastases were observed[8],
Ishikawa further demonstrated that when metastatic lymph
node was limited to the N1 region, due to ‘interstitial invasion’,
microinvasion had already occurred in the N2 region[9]. Mao
et al[10], stressed that spleenful lymphatic vessels in the
retroperitoneal space might be a communicating channel,
tumor cells not only spread from the N1 group to N2 group,
but also bypass the N1 nodes to pass from the primary tumor
to the N2 nodes via alternative routes, even if a metastasis
was not found in the N1 nodes, N2 nodes were not
necessarily free of tumor. Thus, the lymphatic vessels that
are distributed throughout the capsule of the pancreas and
the border between the pancreas and the retroperitonium
act as routeways for tumor invasion into the peritoneal cavity.
Many researchers deem that an extensive dissection of the

retroperitoneum and extrapancreatic nerve pleux could lower
local recurrence rate of pancreatic bed often involved by
tumor extension[11-15]. Excision of regional blood vessels was
usually precluded by the Whipple procedure, in the present
study one patient with PV2(+) in group II could survive more
than 3 years. Extended radical resection permitted elimination
of  potentially negative margins and sometimes long-term
survival could be expected[16-18].

Extended radical resection required defined CS. In the
present study, relation between evaluation of maximum of
tumor, retroperitoneal invasion (Rp), arterial and venous
invasion by CT imaging and histological correlation were
performed. Tumor margin, in addition to a small number
of pancreatic cancer coexisting with chronic pancreatitis,
evaluation of the CT imaging were basically in accordance
with pathological outcome. Retroperitoneal invasion in this
study was divided into lymph node involvement and
‘interstitial invasion’. Types of  metastatic lymph node included
large nodus, middle nodus, small and tiny nodus and their
integrated types. Tiny nodus were often embedded in fatty
tissue and difficulty detected by CT imaging, however, the
presence of such occult microscopic metastatic lymph node
involvement was found in about 50% of patients with
pancreatic cancer[19,20]. Presence of microscopic metastasis in
occult lymph nodes, peripancreatic lymphatics, and nerves has
been demonstrated in at least 50% of pancreatic cancers[21,22].
Such a phenomenon is indiscernible by CT imaging, only was
divided into Rp1 in our present study. Evaluation of
involved vessel system and pathological outcome were
performed, we found differences between arterial and venous
systems, cancer cells were proved to be aggressive against PV2
and PV3, however, as for A2 in CT imaging, only one patient
with A2(+) confirmed the presence of  cancer cells in the
arterial wall. Nakayama et al[23], point out that the cause of
artery stenosis or wall irregularity was due to fibrotic tissue
prolifer-ation associated with tumor circumference,
atherosclerotic changes of the artery wall, neointimal
proliferation, or nontu-morous thrombus secondary to
perivascular fibrotic changes in response to tumor growth.

Extended radical resection may be beneficial to selected
patients. In this study, the extended radical operation resulted
in a 3-year survival primarily for the patients with CS1,
CS2 and part of CS3 (T2Rp2PV2A1). The incidence in 3-
year survivors among patients with CS3 in the extended
radical operation was found. None occurred in patients
that underwent the Whipple procedure in the same clinical
setting. The clinical evidence thus clearly indicated the
therapeutic benefits of extended radical operation. The
3-year survival rate of  patients has been improved by extended
radical operation that decreased local recurrence. The rate
of recurrence for patients with CS1 and CS2 lesions
generally was lower than that for those with CS3 and CS4,
i.e., extended radical operation was able to control local
recurrence in patients with CS1, CS2 and CS3 (T2 Rp2PV2
A1) disease. However, radical resection was not an effective
treatment for CS3 (T3Rp2PV2 A2) and CS4 (T3Rp3 PV3
A2-3) diseases. In the present study, CS3 was divided into
CS3a(T2 Rp2PV2 A1) and CS3b(T3Rp2PV2 A1-2), because
there exists abundant lymphatic vessels inside the pancreas
which communicate with each other, as the tumor size
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enlarges, the chance of cancer cells invading lymphatic
vessels and the rate of recurrence after resection increase.
In Gebhardt’ series, when carcinoma measuring up to 2.1-
4 cm, invasion of the lymphatic vessel in 81% of the
patients, however carcinomas measuring 4.1-6 cm, invasion
of the lymphatic vessel in 100% of the patients[24]. Ishikawa
demonstrated that when tumors were larger than T2, even
extended radical could control local recurrence, and distant
metastasis could be avoided[9]. In addition to local recurrence,
distant metastasis occurred commonly in CS3-4 (T3-4 Rp2-
3 PV2-3 A2-3) in which we can see that patients with large
tumors (T3-4), deeply retropancreatic invasion (Rp3), and
enterohepatic vascular invasions (PV3, A2-3) were at a
higher risk for death due to distant metastasis. Patients with
Rp3, cancer cells either as single cells or cell clumps were
randomly allocated to the large area of loose connective
tissue of the peritonium[25], in such a condition extended
radical resection has been proven to be unable to obtain
negative margin, even the negative margin with a few
millimeters away from the tumor was obtained, avoidance
of  future metastasis could not be assured[26]. It is suggested
that patients with higher CSs such as CS3-4 (T3-4 Rp3
PV3A2-3) might have cancer extension beyond the limit of
surgical management, even wide lymph node dissection,
resection of surrounding connective tissue, and en bloc
resection of major vessels could not obtain R0 surgery
(without cancer cells). The negative survival impact of  R1
(residual tumor) surgery has been observed in many studies
and was associated with high rates of local and regional
recurrence[27]. Therefore, indicators of extended radical
operation for pancreatic head cancer were CS1, CS2, and
CS3 (T2Rp2PV2A1). It can be concluded that indication
of extended radical operation is practically possible in CS1,
CS2 and part of CS3 (T2-3Rp2PV2A1) but unrealistic in
CS3-4(T3-4Rp2-3PV2-3A2-3).
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