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Objective
To characterize factors predictive of improved survival follow-
ing gastrectomy with additional organ resection for the treat-
ment of gastric cancer.

Summary Background Data
Recent large series have reported significant survival disad-
vantages to patients who have undergone gastrectomy with
splenectomy or pancreaticosplenectomy, and yet gastrec-
tomy with additional organ resection is needed to accomplish
an R0 resection in some cases. Gastrectomy with splenec-
tomy and other organ resections has been associated with
advanced T-stage, positive resection margins, and higher
postoperative morbidity and mortality rather than an absolute
predictor of survival.

Methods
The authors reviewed the Department of Surgery prospective
gastric database at Memorial Sloan-Kettering Cancer Center
from July 1985 to July 2000. During this period, of the 2,112
patients with primary gastric cancer, 1,133 underwent an R0
resection. The R0 resection group included 865 patients who
underwent gastrectomy alone and 268 patients who under-
went gastrectomy with another organ resection. Clinicopatho-
logic, operative, complication, and survival data were com-
pared between these two groups. Chi-square analysis and
the Kaplan-Meier method were used to compare and esti-
mate median survival.

Results
The most common organs resected were the spleen and
pancreas, with an even distribution of other organs. Patho-
logic factors revealed that the gastrectomy with organ resec-
tion group had significantly larger lesions, greater T-stage,
and a higher incidence of advanced nodal disease than the
group who did not undergo additional organ resection. The
incidence of pathologically confirmed T4 cancers in the addi-
tional organ resection group was only 14%. The overall 5-year
survival rate for patients with T3/T4 disease was 27% with
additional organ resection. The overall 5-year survival rate for
the gastrectomy with organ resection group (32%, median 32
months) was significantly less than the group that did not un-
dergo additional resection (50%, median 63 months) on univari-
ate analysis. However, additional organ resection was not a pre-
dictor of survival on multivariate analysis. Multivariate analysis
identified advanced T-stage (T3 or greater) and nodal stage (N1
or greater) as adverse predictors of survival in this group.

Conclusions
Long-term survival following gastrectomy with additional or-
gan resection is possible. Depth of invasion and the extent of
lymph node metastasis are the most important predictors of
survival following gastrectomy with additional organ resection,
and a R0 resection has been achieved. Judicious use of addi-
tional organ resection for the treatment of advanced gastric
cancer must be emphasized, given the increased overall mor-
bidity and infrequent finding of actual T4 disease. Additional
organ resection can be performed with minimal morbidity and
can improve the chance of overall survival in patients with ad-
vanced T-stage disease.

The value of extended organ resection for advanced gas-
tric cancer has been debated for many years. This debate has
been escalated recently by the results of both the United

Kingdom Medical Research Council and the Dutch trials
evaluating the survival benefit of extended lymphadenec-
tomy. Both of these large prospective randomized control
trials have reported a significant survival disadvantage in
patients who have undergone gastrectomy with splenectomy
or pancreaticosplenectomy.1,2 The Medical Research Coun-
cil study and the Dutch trial found a higher mortality, higher
complication rate, and longer hospital stay associated with
extended organ resection.

Some reports have argued that clearance of regional
lymphadenopathy is improved by removing adjacent organs.
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The potential advantage of extended resection for clinical
T4N0 gastric adenocarcinoma is necessary to improve the
R0 resection rate of these lesions. Arguments against this ap-
proach are based on the observed increase in the morbidity
and mortality rates, with little objective benefit in survival.

A large retrospective study from Japan found no survival
difference when patients undergoing gastrectomy alone were
compared to patients with additional organ resection, but again
complication rate were greater.3 This lack of survival disad-
vantage for gastrectomy with additional organ resection has
been demonstrated in other retrospective studies when evalu-
ating outcomes of patients undergoing total gastrectomy alone,
with splenectomy, and with pancreaticosplenectomy.4

The complication rates of additional organ resection with
gastrectomy have consistently been reported to be higher
when compared to patients undergoing gastrectomy
alone.1–3 In patients undergoing splenectomy, both overall
complications and infectious complications have been more
common.5 The increase in overall complications and infec-
tious complications has been implicated as a reason for the
decrease in overall survival. For these reasons there has
been an unwillingness to perform additional organ resection
in patients with T4 disease.

The aim of this study was to report our experience with
gastrectomy with additional organ resection in patients with
T4 gastric carcinoma and to identify factors predictive of
improved outcome.

METHODS

From a prospective gastric database, 2,112 patients un-
derwent gastric resection from July 1985 to July 2000, with
1,133 patients undergoing R0 resection. Eight hundred six-
ty-five patients underwent gastrectomy alone and 268 pa-
tients underwent gastrectomy with another organ resection.

The surgical resections were performed by attending sur-
geons or surgical oncology fellows under direct attending
surgeon supervision. Depending on the location of the pri-
mary lesion, total, distal subtotal, or proximal gastrectomy
was performed. Additional organ resection was performed
to facilitate a more extensive lymph node dissection, to gain
complete tumor resection, or because of iatrogenic injury to
the spleen.

Preoperative laparoscopy as well as laparoscopic ultra-
sound was performed on these patients, using the technique
published earlier.6 Laparoscopic assessment was performed
as stated in Table 1.

A D2 lymphadenectomy was performed as part of the
standard radical gastrectomy. For the purpose of this study,
lymphadenectomy was classified by the number of lymph
nodes removed and was considered adequate if greater than
15 lymph nodes were removed.7

Clinicopathologic, operative, and survival data were
compared between these two groups. Patients were classi-
fied as having additional organ resection when the proce-
dure was reported in the operative note or the pathology

report. All staging was assigned using the 1997 American
Joint Committee on Cancer TNM staging guidelines.8

Chi-square analysis was used to compare clinicopatho-
logic data. Parameters influencing survival and recurrence
were compared using the Kaplan-Meier method with log-
rank comparison. Proportional hazards analysis was per-
formed on all variables found significant by univariate anal-
ysis. Differences of P � .05 where considered significant.

RESULTS

From the 2,112 patients identified during this time period,
1,958 (93%) underwent exploration for their primary gastric
cancer. One thousand five hundred forty patients underwent
gastrectomy alone (79%), and 418 (21%) had a gastrectomy
with at least one additional organ resection. An R0 resection
was performed in 865 (56%, 865/1,540) patients with a
gastrectomy alone and in 268 (64%, 268/418) patients with
gastrectomy with additional organ resection.

The groups were similar in age and sex (see Table 1).
Gastrectomy with organ resection occurred more commonly
in patients with primary lesions in the proximal two thirds
of the stomach, with the gastrectomy-alone group having a
significant greater incidence of lower third primary lesions
(P � .0001). The gastrectomy with organ resection group
had a greater number of resections requiring total gastrec-
tomy. The most common organs resected were spleen alone
(n � 123), spleen/pancreas (n � 38), spleen/colon (n � 18),
pancreas (n � 12), and colon (n � 16) (Table 2).

Eleven patients underwent splenectomy because of iatro-
genic injury. The gallbladder was removed in 19 patients
because of adherence to the primary (n � 16) or because of
gallstones (n � 3).

Smaller tumor diameter (P � .0001) and an earlier T-
stage were associated with the gastrectomy-alone group.
The gastrectomy with organ resection group had a greater
percentage of T3 (P � .02) and T4 (P � .0001) lesions

Table 1. PATIENT DEMOGRAPHICS

Gastrectomy
Alone

Gastrectomy With
Organ Resection P

Number 865 268
Sex (M:F) 578:287 167:101 .2
Age (median, range) 66, 25–96 y 66, 21–87 y .1
Location tumor (number)

Upper third 49% (426) 52% (140) NS
Middle third 20% (169) 23% (62) NS
Lower third 28% (248) 18% (47) .0001
Diffuse 2% (14) 4% (11) NS
Other 1% (7) 3% (7) NS

Resection type (number)
Esophageal/prox. subtotal 46% (394) 40% (107) NS
Distal subtotal 40% (345) 20% (54) .001
Total gastrectomy 13% (119) 38% (102) .001
Other 1% (7) 2% (5) NS
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(Table 3). The gastrectomy with organ resection group had
a greater percentage of N2 (P � .02) and N3 disease. The
Lauren types were similar between the groups.

Extent of lymphadenectomy was similar in both groups:
the median number of nodes removed in the gastrectomy-
alone group (n � 21) was similar to the that in gastrectomy
with additional organ resection group (n � 21).

Preoperative laparoscopy was performed in 264 (23%,
264/1,133) patients, with 61 patients undergoing laparo-
scopic ultrasound. Endoscopic ultrasound was performed in
143 of these patients.

There was no difference in perioperative mortality in the
gastrectomy-alone (n � 31, 3.6%) group when compared to
the gastrectomy with organ resection group (n � 10, 3.7%).

Time to Recurrence

The median follow-up for all patients undergoing an R0
resection was 24 months. Recurrences were seen in 497/

1,133 (44%) of the entire patient population: 256 (52%)
local recurrences and 241 (48%) distant recurrences. There
was a significantly greater incidence of recurrence in the
gastrectomy with organ resection group (137/268, 52%)
when compared to the gastrectomy-alone group (360/865,
42%, P � .003). The median time to recurrence was 22
months in the gastrectomy with organ resection group,
compared to 47 months in the gastrectomy-alone group.
When type of organ resected was evaluated for time to
recurrence, there was no difference between splenectomy,
pancreatectomy, colectomy, or resection of other organs.
The number of organs resected was not a predictor of
recurrence in this entire patient population. A proportional
hazard model was run for predictors and only N2 disease
(relative risk [RR] 1.4, confidence interval [CI] 1.2–1.7), T3
or greater (RR 2.0, CI 1.6–2.6), and proximal gastrectomy
(RR 1.6, CI 1.2–2.3) were found to significantly increase the
recurrence risk in the entire patient population.

When factors of recurrence were evaluated in the 268
patients who had gastrectomy and additional organ resec-
tion, the results were similar. Again, only advanced N
disease (N2, RR 1.3, CI 1.1–1.8) and depth of invasion (T3,
RR 1.8, CI 1.1–3.9) were factors for recurrence, both local
and distant. Proximal gastrectomy was not found to be a
predictor in this subset analysis.

Survival

The median survival for the entire group was 54 months.
After excluding the 14 patients who had organs removed
incidentally, the survival for the gastrectomy-alone group
(median 63 months) was significantly better than the gas-
trectomy with organ resection group (median 32 months) on
univariate analysis (Fig. 1). The number of organs resected
also influenced survival on univariate analysis (Table 4), but
the type of organ resected had no influence on median
survival. Patients who had undergone splenectomy had a
median survival of 25 months, while those having pancre-
aticosplenectomy had a median survival of 26 months.

When survival was analyzed within each stage (stage II to
IV), resecting additional organs did not significantly de-
crease survival (Fig. 2). When the specific type of organ
resected was evaluated within stage, again survival was not
altered.

On multivariate analysis of the entire 1,133 patients,
neither the organ resected, the number of organs resected,
nor the presence of a complication was a predictor of
survival (see Table 4). Only gender, nodal stage, and depth
of invasion were predictors of poor outcome in this entire
patient population. No other factors were demonstrated to
be adverse predictors of survival.

In evaluating all 254 patients with gastrectomy with
additional organ resection, again T-stage (P � .001), N-
stage (P � .001), and overall stage (P � .0001) were the
only predictors of survival in this group. Age, site of pri-

Table 2. ORGANS RESECTED

Organ Resected n

Spleen any 179
Spleen only 123
Spleen/pancreas 38
Spleen w/other 18

Pancreas any 50
Pancreas only 12

Colon 16
Liver 12
Lung 11
Gallbladder 19
Other 19
Total 268

Table 3. STAGING

Non-Organ
Resection

Organ
Resection P

Number 865 268
Tumor diameter (median, range) 4 cm (0.1–19) 5 cm (0.1–20) .0001
T-stage (number)

T1 22% (190) 10% (27) .0001
T2 38% (330) 33% (90) NS
T3 40% (345) 43% (116) .02
T4 14% (37) .0001

Nodal stage (number)
N0 42% (361) 35% (94) NS
N1 38% (332) 36% (97) NS
N2 15% (127) 21% 955) .02
N3 5% (45) 8% (22) .09

Lauren type (number)
Diffuse 31% (261) 37% (95) NS
Mixed 8% (66) 5% (13) NS
Intestinal 60% (505) 57% (148) NS
Not defined (33) (12)
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mary, type of resection, specific organ resected, number of
organs resected, tumor diameter, preoperative chemother-
apy, external beam radiotherapy, and the presence of a
complication were all not predictors of survival in this
subset of patients.

When survival was evaluated for the subgroup of patients
who had one or more of the three most common organs
resected (spleen, pancreas, and colon), the results of the
multivariate analysis were the same. Overwhelmingly, the
effect of T-stage and N-stage dominated the outcome. The

Figure 1. Survival for patients with gastrectomy alone versus the polyvisceral resection group. (A) Survival
for patients with gastrectomyalone versus gastrectomy with any additional organs resected. (B) Survival by
the number of additional organs resected. (C) Survival by the type of additional organ resected.
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presence of a complication, the type of organ resected, and
the number of organs resected did not affect outcome.

DISCUSSION

The disadvantages of gastrectomy with additional organ
resection have been recently highlighted in two large pro-
spective randomized control trials.9,10 Bonenkamp et al2

reported on 996 patients randomized to a D1 or D2 lymph
node dissection. A significant increase in postoperative
morbidity, mortality, complications, reoperation, and hos-
pital stay was seen in patients requiring a D2 lymphadenec-
tomy. A disproportionate increase in morbidity and mortal-
ity was associated with the addition of splenectomy and/or
pancreatectomy to the procedure. Cuschieri et al’s evalua-
tion of 400 patients randomized to a D1 or D2 lymphade-
nectomy found a significant survival difference between
patients with gastrectomy alone compared to patients with
gastrectomy and splenectomy or pancreaticosplenectomy,
regardless of the extent of lymphadenectomy.1

This survival difference was not demonstrated in a study
from Kasakura et al.3 This retrospective study of 1,938
patients evaluated patients undergoing gastrectomy alone,
gastrectomy with splenectomy, and gastrectomy with pan-
creaticosplenectomy. They found that gastrectomy with ad-

Table 4. PROGNOSTIC VARIABLES FOR
SURVIVAL AFTER R0 RESECTION

Variables
Survival

(mo) Univariate Multivariate

Organ resected
Yes 63 P � .001 .9
No 32

Number of organs resected
None 63 P � .002 .07
One 41
Two 19
Three 26

Organ resected
None 63 P � .005 .1
Spleen 25
Pancreas/spleen 26
Pancreas 25
Colon 27
Other 32

Age
�65 y 85 P � .02 NS
�65 y 43

Sex
Male 41 P � .0002 .001
Female 106

Nodal stage
N0 102 P � .0001 �.0001
N1 39
N2 20
N3 12

T-stage
T1 108 P � .0001 �.0001
T2 67
T3 24
T4 21

Tumor diameter
�5 cm 84 P � .0001 .8
�5 cm 34

Figure 2. Survival by overall stage, comparing patients undergoing
gastrectomy alone to the PVR group. (A) Stage 3a. (B) Stage 3b. (C)
Stage 4.
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ditional organ removal was not a factor of survival in stage
II, III, and IV, with stage I having small numbers for the
organ resection group. This lack of survival difference has
been reproduced in another recent study by Otsuji et al.4

This report found no survival difference in the same three
groups, with a 5-year survival rate of 54.2%.

Past reports evaluating the influence of splenectomy on
survival after gastrectomy have been mixed. Most reports
have come from the Japanese literature: three studies found
that splenectomy was an negative predictor of survival in
the treatment of gastric cancer, three found no difference in
survival, and two studies came to mixed conclusions de-
pending on the stage of disease. Stage IV disease made no
difference in survival, and in stage III disease preservation
of the spleen was found to have a better outcome.11–14

Our study supports the more recent reports in that we
found that the number and type of organs were not inde-
pendent predictors of survival. Splenectomy, pancreatico-
splenectomy, or any other organ resection was not found to
be a poor predictor of survival on multivariate analysis. Our
study results are similar to an older report of Brady et al in
which splenectomy was not found to be a predictor of poor
outcome.5

Ozaki et al15 and others16 have found that an aggressive
approach to resection of the stomach with the body and tail
of the pancreas or pancreaticoduodenectomy17 and right
hemicolectomy can lead to an acceptable 5-year survival
rate of 29%. We found that advanced T- and N-stage had a
far more influential effect on survival than the type or
number of organs resected. We have demonstrated a similar
overall survival in this report, with patients of stage III or
greater who have undergone gastrectomy and additional
organ resection with a 5-year survival rate of 23%.

This study differs from the previous historical reports in
the Japanese literature because we included only patients
undergoing R0 resection, as well as patients with distal
stomach lesions. The number of organs resected, as well as
the spleen, and pancreas and spleen, were factors on uni-
variate analysis, but they were not found to be predictors of
poor survival on multivariate analysis. The impact of
splenic resection was not a factor of survival primarily
because of the overwhelming effect that advanced nodal
stage and depth of invasion had on this analysis. Only the
number of organs resected (three or more) approached being
a significant factor of outcome; however, the small numbers
(n � 12) do not allow for any definitive conclusions to be
made.

The overall 5-year survival rate for the 286 patients
undergoing gastrectomy with additional organ resection was
32%. This is significantly less than the gastrectomy-alone
group and reflects the greater incidence of nodal stage as
well as depth of invasion when compared to patients with
gastrectomy alone. This survival is similar to previous re-
ports of patients treated with extended surgical resection in
advanced T-stage gastric cancer. Shchepotin et al18 demon-
strated a 25% 5-year survival rate in 353 patients with T4

gastric cancer treated with additional organ resection. The
most common organ resected in this report was the colon,
followed by pancreaticosplenectomy, with similar compli-
cation rates as reported in this study.

Our study continues to confirm previous reports that
patients with advanced T-stage disease can benefit from
aggressive en bloc surgical resection, with minimal morbid-
ity, and should not be rendered unresectable by preoperative
imaging, endoscopic ultrasound, or intraoperative assess-
ment of adjacent organ involvement. In addition, if organ
involvement is suggested on preoperative evaluation but not
found on final pathologic analysis, the survival for these
patients is the same, stage for stage (see Fig. 2). However,
this does not translate into the need for additional organ
resection because of only assumed invasion. If additional
organ involvement is suspected on one type of imaging
modality, attempts should be made to confirm this invasion
with another imaging modality because while this data do
not demonstrate a survival disadvantage, the number of
patients treated with pancreatectomy and with three-organ
resection is small and appears to be approaching signifi-
cance (see Fig. 1). Thus, attempts to confirm serosal and/or
adjacent organ involvement cannot be overemphasized be-
fore additional organ resection.

Recurrence of gastric cancer after resection is not uncom-
mon and represents an aggressive histology. Patients with
polyvisceral resection (PVR) have a greater burden of dis-
ease and subsequently a greater incidence of recurrence
(52%) when compared to patients with gastrectomy alone
(42%). Neither the specific organ type resected nor the
number of organs resected was predictive of recurrence or
the pattern of recurrence. The most powerful predictors of
recurrence were nodal stage, depth of invasion, and the site
of the primary lesion (distal esophagus and proximal
stomach).

This report demonstrates that gastrectomy with additional
organ resection for gastric cancer can be achieved with
minimal perioperative mortality (4%). Long-term survival
can be achieved in this patient subset, with a 3-year survival
rate of 47%. Only the biology of the primary lesion (i.e.,
depth of invasion and nodal stage) was found to predict
overall survival in this group of patients. Additional organ
resection was not found to be an adverse predictor of
survival.

With careful patient selection, gastrectomy with addi-
tional organ resection can be done with acceptable morbid-
ity and low mortality. Improvements in preoperative eval-
uation to confirm T3 and T4 disease are needed to minimize
unnecessary organ resections for early-stage disease. Depth
of invasion and the presence and extent of lymph node
metastasis are the most powerful determinants of survival
following an R0 resection. Gastrectomy with additional
organ resection should be limited to clinically T4 tumors,
with the understanding that the majority will be T3.
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