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Abstract

Background: Total pancreatectomy is infrequently performed for pancreatic cancer. Perceived oper-

ative mortality and questionable survival benefit deter many surgeons. Clinical outcomes, described in

single-center series, remain largely unknown.

Methods: The National Cancer Database was queried for cases of pancreatic ductal adenocarcinoma

undergoing total pancreatectomy (1998–2011). Univariate survival analyses were performed for 21

variables: demographic (8), tumor characteristics (5), surgery outcomes (6), and adjuvant therapy (2). The

Log-rank test of differences in Kaplan–Meier survival curves was used for categorical variables. Variables

with p < 0.05 were included in a multivariate analysis. Cox proportional hazards regression was used to

analyze continuous variables and multivariate models.

Results: 2582 patients with staging and survival data made up the study population. 30-day mortality

was 5.5%. Median overall survival was 15 months, with 1, 3, and 5-year survival rates of 60%, 22%, and

13%, respectively. Age, facility type, tumor size and grade, lymph node positivity, margin positivity, and

adjuvant therapy significantly impacted survival in multivariate analysis.

Conclusion: Although total pancreatectomy is a reasonable option for selected patients with pancreatic

ductal adenocarcinoma, survival of the entire group is limited. Operative mortality is improved from prior

reports. Greater survival benefits were seen in younger patients with smaller, node negative tumors

resected with negative margins in academic research centers.
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Introduction

In the 1980’s and 1990’s, several reviews suggested that total
pancreatectomy was inferior to partial resection in the setting of
neoplastic disease.1–3 Most authors cited the low rate of peri-
operative complications after Whipple resections being re-
ported from high-volume centers, the persistently high
morbidity associated with total pancreatectomy including
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perioperative bleeding and postoperative brittle diabetes, the
benefits of preserved endocrine and exocrine pancreatic function
after partial resection, and the fact that long-term cancer survival
was essentially the same after either subtotal or total pancreas
resection. Ingemar Ihse reported operative mortality of 27% and
morbidity of 52% in a cohort of total pancreatectomy patients
compared to 3% and 28% for subtotal pancreatectomy.1 Total
pancreatectomy for neoplastic disease reached its nadir in the late
1990’s, and was considered by most to be an overly aggressive,
highly morbid procedure with little, if any, clinical benefit.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Table 1 Descriptive statistics

IA. Patient characteristic Patients

N 5726

Age, Mean ± SD (years) 65.5 ± 10.8

Gender
Male 52% (2989)

Female 48% (2737)

Facility type
Academic research center 53% (3024)

Comprehensive community cancer center 41% (2329)

Community cancer center 5% (296)

Other cancer program 1% (77)

Comorbidities (N = 4724)
None 68% (3191)

One or more 32% (1533)
IB. Tumor characteristic Patients

Tumor grade (N = 5178)
1 9% (485)

2 52% (2708)

3 37% (1925)

4 1% (60)

Surgical margins (N = 5506)
Negative 76% (4197)

Microscopic positive 14% (758)

Involved, not specified 9% (481)

Macroscopic positive 1% (70)

Lymph nodes (N = 5415)
Negative 36% (1935)

Positive 64% (3480)

Analytic stage (N = 5521)
0 1% (45)

1 15% (824)

2 66% (3646)

3 12% (635)

4 7% (371)
IC. Operative outcome Patients

Length of stay (Days) (N = 4197)
Median (min, max) 10 (0, 180)

Readmission 30 days (N = 4543)
None 90% (4067)

Unplanned 8% (364)

Planned 2% (112)

Mortality (N = 5711)
30-day mortality 5.5% (316)

ID. Adjuvant treatment Patients

N 5158

Chemotherapy 23% (1211)

Radiation 2% (104)

Chemotherapy and radiation 39% (2007)

None 36% (1836)
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By the early 2000’s, the inherent metabolic derangements
associated with the apancreatic state became increasingly
manageable with lifestyle modification and adherence to phar-
macologic recommendations. Advances in long-acting insulin
formulations and improvement in oral pancreatic enzyme sup-
plements offered many total pancreatectomy patients a reason-
able quality of life without severe glucose fluctuations and with
better control of intestinal malabsorption problems. Recent
studies demonstrate an acceptable quality of life after total
pancreatectomy for neoplastic disease.4–6 While patients
consistently score points for individual symptoms such as diar-
rhea, fatigue, and sleep disturbances, the surveys suggest that
most patients are able to achieve a relatively high level of per-
formance with regard to social, physical, cognitive, and
emotional functioning.
Within this context, there has once again been renewed in-

terest in total pancreatectomy for neoplastic disease over the past
10–15 years. Operative outcomes are now reported within the
range of acceptability when compared to partial resection.5,7,8

While the debate with regards to extended resection for
pancreatic ductal adenocarcinoma persists, there seems to be
more compelling evidence to consider total pancreatectomy in
cases of multicentric or diffuse intraductal papillary mucinous
neoplasms (IPMN), multiple pancreatic neuroendocrine tumors
(pNET), and multifocal pancreatic metastases from renal cell
carcinoma (RCC).4,6,9–12

Total pancreatectomy for adenocarcinoma has been
addressed specifically in the literature. Nathan et al. examined
mortality and long term survival after total pancreatectomy in
292 patients from the Surveillance, Epidemiology, and End
Results (SEER) database, from 1998 to 2004. One month
mortality ranged from 5.8 to 9.3%, depending on location of
primary tumor.13,14

To date, the vast majority of the evidence for and against total
pancreatectomy has been derived from relatively small case series
and meta-analyses. The impact of the procedure itself is often
difficult to distinguish from that related to patient co-
morbidities, surgical complications, stage of disease, and adju-
vant therapies. A better understanding of the outcomes after total
pancreatectomy will facilitate a more informed conversation
about the risks and benefits of the operation. The aim of this
study is to query a large, multi-institutional, prospective cancer
database to characterize the long-term outcomes of total
pancreatectomy in the treatment of neoplastic disease, and its
impact on overall survival within the context of multimodality
cancer care.
The National Cancer Data Base (NCDB) is a joint program of

the Commission on Cancer (CoC) of the American College of
Surgeons (ACoS), and the American Cancer Society (ACS). It is a
multicenter oncology outcomes database for more than 1500
Commission-accredited cancer programs in the United States
and Puerto Rico. These data are used to explore trends in cancer
care, to create regional and state benchmarks for participating
HPB 2016, 18, 21–28 © 2015 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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hospitals, and to serve as the basis for quality improvement.
More information is available at www.facs.org/cancer/ncdb/.
Methods

The National Cancer Data Base was queried for all patients in
participating centers who underwent total pancreatectomy with
or without splenectomy for pancreatic ductal adenocarcinoma
between 1998 and 2011. Patients with both pylorus-preserving
and classic resections were included. After obtaining an
approved Participant User File from NCDB, analysis of preop-
erative, perioperative and postoperative data was undertaken.
All patients were included in a descriptive assessment of

patient-specific variables. Demographic characteristics analyzed
(some of which are shown in Table 1) were age, gender, race,
medical comorbidities, insurance type, surgical facility type,
regional location, urban/rural household, distance from house-
hold to surgical facility, and year of diagnosis. Tumor-specific
characteristics (Table 1) were tumor size, tumor grade, tumor
location within the pancreas, number of nodes positive for
invasive cancer, lymph node ratio (nodes positive/nodes exam-
ined), pathologic and clinical TNM stage, and analytic stage
group. Surgical outcomes (Table 1) included number of nodes
examined, margin status, length of hospital stay, hospital read-
mission, and 30-day mortality. Margin assessment was made by
NCDB standards, which did not change during the study
reporting period, defined as microscopic involvement that
“cannot be seen by the naked eye” and macroscopic being
“visible to the naked eye”. These correspond to “R1” and “R2”
resections, and are standard definitions utilized in reporting in
North America. Systemic therapeutic data analyzed (Table 1)
included administration of chemotherapy and/or radiation
therapy and the sequencing of additional therapies as neoadju-
vant, adjuvant, or both.

Survival analysis
Survival data was available for patients diagnosed between 1998
and 2006. Univariate and multivariate analyses were performed
in these patients to determine the degree to which the various
patient-specific, tumor-specific, procedure-specific, and
treatment-specific variables impacted overall survival. Patients
without documented cancer staging and those with stage 0 non-
invasive neoplasms were excluded from the survival analyses.
Overall survival was measured from time of pancreatic cancer
diagnosis to time of death or censored at last date of follow-up.
Effect of each variable on survival in univariate predictor

models was tested with Cox proportional hazards regression for
continuous variables and a Log-rank test comparing Kaplan–
Meier curves for categorical variables. Then Cox proportional
hazards regression was used for survival analysis of multivariate
full and reduced models, with reduced models determined by
forward step-wise modeling. Complete case analysis was used
HPB 2016, 18, 21–28 © 2015 International Hepato-P
multivariate modeling and subjects were included if they had
non-missing data for all variables.
Variables included in the full models and as candidates for the

final model were all variables tested in univariate survival models
that were statistically significant at p < 0.05 and that had values
for at least 60% of patients. Only one of a pair of highly corre-
lated variables (positive nodes but not nodes ratio) or those with
overlapping definitions (nodes and tumor size but not analytic
stage) was included. Variables excluded due to having missing
values for >40% of patients were: comorbidity, 30-day read-
mission, length of stay after surgery, and sequence of surgery and
systemic therapy.
Global p-values for categorical variables are reported and then

paired comparisons used to describe the significant findings,
reporting the unadjusted contrast p-values. Since type one error
rate increases as the number of tests increases, the Dunn-Sidak
method was used to determine levels of significance of
p < 0.0170 for 3 comparisons, and p < 0.0127 for 4 comparisons.
SAS 9.3 was used for statistical analysis (SAS Institute Inc., Cary,
NC).
Results

Descriptive statistics
The study population includes 5726 patients with pancreatic
ductal adenocarcinoma who underwent total pancreatectomy
between 1998 and 2011 at 934 separate surgical facilities. 53% of
patients had surgery at an academic research program, 41% at a
comprehensive community cancer program, and 5% of patients
had their surgery done in a community cancer program. The
average age was 65.5 years, ranging from 28 to 90 years. 88%
(4914/5581) of the patients were Caucasian. Significant comor-
bidities were reported in 32% of patients. 51% of patients had
Medicare insurance while 39% were privately insured, and 10%
of patients had some other source of insurance or were unin-
sured. There was a gradual increase in the number of cases
recorded in the database as time progressed, rising from 210
cases in 1998, to 464 in 2005, to 664 in 2011.
Final analytic staging data was available in 5521/5726 patients.

45 (0.8%) were Stage 0, 824 (15%) were Stage 1, 3646 (66%)
were Stage 2, 635 (12%) were Stage 3, and 371 (7%) were Stage 4.
The primary site of disease was the pancreatic head in 72% of
patients, the neck/body/tail in 14%, and overlapping or other site
within the pancreas in 14% of patients. Tumors were defined as
grade 1 in 9% patients, grade 2 in 52%, grade 3 in 37%, and
grade 4 in 1% of patients. Tumor size was <2 cm in 611 (11%) of
the patients, 2–5 cm in 3823 patients (72%), and >5 cm in 898
patients (17%). The median number of lymph nodes examined
was 12 nodes, ranging from 0 to 77 nodes. 3480 patients had
nodal metastasis with 1–3 positive nodes in 42% of patients and
>3 positive nodes in 22%. 36% of patients had node negative
disease.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Table 2 Univariate survival statistics

Univariate survival Median
(months)

1 yr (%) 3 yr (%) 5 yr (%) p

Overall survival
N = 2582 15.15 59.49 21.24 12.95

Univariate demographics
Facility type <0.0001

Academic 16.33 62.19 23.04 14.29

Comprehensive 14.00 57.09 19.58 11.78

Community 12.85 53.39 20.48 11.89

Other 10.91 40.10 12.13 6.07

Insurance group <0.0001

Medicare 13.77 55.18 17.82 10.71

Private 17.48 65.47 25.95 16.16

Uninsured/other 14.03 57.02 19.47 11.28
Univariate tumor
characteristics

Median
(months)

1 yr (%) 3 yr (%) 5 yr (%) p

Analytic stage <0.0001

1 20.67 72.79 32.37 22.44

2 16.00 62.20 22.64 13.16

3 12.71 53.57 14.70 8.31

4 8.15 34.61 8.47 5.42

Grade (N = 2386) <0.0001

1 25.76 74.80 39.87 27.12

2 15.61 61.72 21.51 12.56

3 12.06 50.22 14.05 9.20

4 10.91 35.19 4.40 0.00

Tumor size
(N = 2332)

<0.0001

<2 cm 23.13 70.87 35.00 25.78

2–5 cm 15.67 61.49 21.11 12.01

>5 cm 11.50 47.33 14.18 8.83
Univariate tumor
characteristics

Median
(months)

1 yr (%) 3 yr (%) 5 yr (%) p

Positive nodes
(N = 2411)

<0.0001

0 18.92 67.77 29.19 19.77

1-3 14.46 57.68 18.76 10.42

>3 12.52 51.69 12.60 5.42

Nodes ratio
(N = 2370)

<0.0001

0 19.29 68.19 29.37 19.91

0.01–0.14 15.44 61.60 20.40 13.08

0.15–0.29 14.46 58.22 15.51 6.93

0.30–1 11.83 49.49 14.92 7.26

Surgical margin
(N = 2457)

<0.0001

Negative 16.79 63.71 24.36 15.30

Micro positive 11.96 49.16 13.05 7.80

Not specified 11.89 49.31 14.39 7.38

Macro positive 8.08 35.71 4.76 4.76

Univariate adjuvant
therapy

Median
(months)

1 yr (%) 3 yr (%) 5 yr (%) p

Adjuvant Rx (N = 2386) <0.0001

Chemo + Rads 19.09 71.43 27.79 16.83

Chemo 15.97 63.07 22.12 14.20

Rads 12.85 51.88 8.65 5.40

No adjuvant Rx 11.73 48.79 17.43 10.38
Univariate
continuous

Unit Hazard
ratio

95%
Confidence
interval

p

Age

10 years 1.125 1.083–1.170 <0.0001

Distance to
hosp (N = 2495)

10 fold
increase
in distance

0.931 0.867–0.999 0.0474

Yr of diagnosis

1 year 0.981 0.965–0.997 0.0222

*Paired comparisons are statistically significant after controlling for
multiple comparisons when p < 0.0170 for 3 comparisons and
p < 0.0127 for 4 comparisons. Thus, note that facility type “Other vs.
Academic” is not statistically significant.
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Microscopically negative margins (R0) were reported in 76%
of the patients, while 14% had microscopically positive (R1)
margins and 1% patients had grossly positive (R2) margins.
Median length of hospital stay was 10 days. 476 patients (10%)
were readmitted to the hospital within 30 days of surgery. 316
patients died within 30 days of surgery, resulting in an overall
operative mortality rate of 5.5%.
With regard to adjuvant therapies, 39% of patients received

radiation and chemotherapy in addition to surgery. Chemo-
therapy alone was given to 23% of patients. 2% of patients
received radiation alone. 36% of the patients received no sys-
temic treatment. Systemic therapy was administered on a
neoadjuvant basis in 8% (264/3410) of patients, both before and
after surgery in 3% (93) of patients, and on an adjuvant basis in
51% (1739) of patients. Unfortunately, the sequence of surgery
and systemic therapy was not recorded in a large number of
patients (40% of 5726).

Survival statistics
Of the 5726 patients selected for the study, 2582 patients (45%)
were included in the univariate survival analysis. All patients that
had survival data and were stage 1–4 (Fig. 1). The median overall
survival was 15 months. One, three, and five-year survival was
59%, 21%, and 12% respectively. 12 factors were found to have a
significant impact on survival (Table 2). Improved survival was
associated with patient-specific characteristics younger age, more
recent year of diagnosis, academic facility, and private insurance.
Tumor-specific characteristics associated with improved survival
were smaller tumor size, lower tumor grade, earlier analytic
stage, and less cancer spread to lymph nodes. Treatment-specific
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 1 Inclusion criteria
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characteristics associated with improved survival were negative
surgical margins, lymph node ratio, and administration of sys-
temic therapy (Fig. 2).
A multivariate survival analysis was performed to indepen-

dently evaluate the 12 factors determined to predict survival in
the univariate analysis. 1874 patients (33% of the full cohort and
73% of patients included in univariate survival analyses) had
sufficient data in all fields to be included in the multivariate
analysis (Fig. 1). We elected to exclude analytic stage and lymph
node ratio from this analysis, because these data are directly
related to other variables including tumor size and lymph node
HPB 2016, 18, 21–28 © 2015 International Hepato-P
positivity. Therefore we determined that their inclusion would
potentially confound the results of the analysis. With the
remaining ten factors included, seven factors were found to have
a statistically significant impact on improved patient survival
(Table 3). These factors include younger age, academic facility,
smaller tumor size, lower tumor grade, less lymph node posi-
tivity, negative surgical margin status, and administration of
systemic therapy.
Discussion

The decision to perform a total pancreatectomy in the setting of
invasive cancer continues to be a difficult one for many surgeons.
Once considered to be superior to partial pancreatectomy, total
pancreatectomy fell out of favor in the 1990’s and early 2000’s
because of persistently high mortality rates and a vastly decreased
quality of life without native endocrine and exocrine pancreatic
function. Recently, however, the appropriateness of the proce-
dure has been reconsidered in the context of improved periop-
erative care, recognition that high-volume centers are capable of
limiting peri-operative mortality, and the widespread availability
and effectiveness of long-acting insulin and exogenous pancre-
atic enzyme formulations. Patient selection for this procedure is
challenging, as survival for the entire group is suboptimal, and
selection criteria are currently being proposed in the literature.
Although, Nathan et al. have published a similar powered series
in the literature, specific comparisons of prognostic factors and
relative patient survival rates are lacking.8 The current series
addresses these issues and is the largest to date in the literature.
Our multivariate analysis shows that seven factors impact sur-

vival in patients undergoing total pancreatectomy for pancreatic
ductal adenocarcinoma. Advancing age is a non-modifiable factor
that likely reflects patients’ overall health and physiologic reserve.
The type of surgical facility was important, and this remains an
important consideration in the management of patients with
pancreatic neoplasms. Academic research centers demonstrated
the best survival results, followed by comprehensive community
cancer centers. Community cancer centers were under-
represented in the analysis and this is a reflection of national
referral patterns. These data support consideration of referral of
patients with pancreatic cancer to a high-volume cancer center, a
position supported by numerous previous studies.15,16

Tumor size and grade are tumor-specific factors that were
significant predictors of overall survival in the multivariate
analysis. Tumor size is included in the current AJCC T-staging
guidelines for pancreatic cancer, but the current criteria are only
for tumors greater or smaller than 2 cm. The current study shows
a survival difference between patients with tumors <2 cm,
tumors 2–5 cm, and tumors >5 cm suggesting that there may be
some prognostic advantage to including these size parameters in
the future staging algorithms. Similarly, tumor grade was sig-
nificant in this analysis, and should be similarly considered.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 2 Kaplan–Meier survival by (a) Analytic stage, (b) Tumor grade, (c) Positive node status, and (d) Surgical margins.
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Patients with lymphatic metastases also have worse survival
outcomes compared with those without lymphatic spread, which
is not surprising. However, the data demonstrate a survival dif-
ference between patients with 1–3 nodal metastases and those
with >3 positive lymph nodes. Again, this finding suggests that
the number of positive nodes impacts prognosis, and should be
considered in the nodal staging algorithm for pancreatic
adenocarcinoma. Positive surgical margins are an important
factor in estimating survival in patients undergoing resection for
pancreatic adenocarcinoma. This has been questioned in previ-
ous studies.7,17,18 The current NCDB data shows that there is a
significant difference in survival between patients with negative
and positive margins. Those with microscopic positive (R1)
margins showed a survival advantage over those with macro-
scopic margins, but this did not achieve statistical significance in
the multivariate analysis. Finally, patients survived longer if they
received combined systemic chemotherapy and radiation
compared to alternative adjuvant treatments, but this is arguably
influenced by selection bias. The frequency of patients in this
series that did not receive systemic treatment seems high, but is
typical for reports for postoperative adjuvant strategy at major
HPB 2016, 18, 21–28 © 2015 International Hepato-P
institutions.19,20 One series from the Mayo Clinic examined
prognostic factors in their patients resected between 1995 and
2005, finding that 46% (69 of 151) patients did not receive sys-
temic therapy.21 One potential advantage of a neoadjuvant
approach for chemotherapy in this group of patients is that more
patients actually receive their systemic therapy; usually about
80–90% of patients with resectable tumors that receive neoad-
juvant therapy with intent of getting to resection are able to
undergo R0 or R1 resection.19

This NCDB review suggests that total pancreatectomy should
be a consideration for selected patients with pancreatic ductal
adenocarcinoma. Survival for the entire cohort is limited, at a
mean of 15 months. Yet median survival for some subsets of the
group is acceptable, which we would define as 18 months or
more, a number similar to most large prospective studies that
report overall survival for pancreaticoduodenectomy for
pancreatic adenocarcinoma.22,23 Although not assessed specif-
ically in this review, patients that have adenocarcinoma in the
setting of IPMN can achieve longer survival, as published else-
where.24 Indications to perform a total pancreatic resection
include large tumors that cannot be extirpated with a more
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 3 Multivariate survival statistics

Multivariate
N [ 1874

Comparison Hazard
ratio

95%
Confidence
interval

p*

Age <0.0001

Unit = 10 years 1.134 1.083–1.189

Facility type 0.0042

Comprehensive
vs.

Academic 1.159 1.046–1.285 0.0048

Community vs. Academic 1.192 0.963–1.476 0.1074

Other vs. Academic 1.568 1.092–2.252 0.0149

Community vs. Comprehensive 1.028 0.828–1.276 0.8014

Grade <0.0001

2 vs. 1 1.448 1.210–1.732 <0.0001

3 vs. 1 1.795 1.490–2.164 <0.0001

4 vs. 1 2.862 1.738–4.711 <0.0001

Tumor size <0.0001

2–5 cm vs. <2 cm 1.422 1.206–1.676 <0.0001

>5 cm vs. <2 cm 1.725 1.424–2.089 <0.0001

>5 cm vs. 2-5 cm 1.213 1.070–1.376 0.0026

Node status <0.0001

1–3 Negative 1.300 1.164–1.453 <0.0001

>3 Negative 1.632 1.415–1.883 <0.0001

>3 1–3 1.256 1.098–1.435 0.0009

Margin status <0.0001

R1 vs. R0 1.470 1.274–1.695 <0.0001

R2 vs. R0 1.858 1.241–2.74 0.0027

Not specified
vs.

R0 1.318 1.100–1.581 0.0028

R2 vs. R1 1.264 0.831–1.93 0.2730

Adjuvant Rx <0.0001

Chemo vs. Chemo + Rads 1.131 0.971–1.317 0.1133

Rads vs. Chemo + Rads 1.566 1.170–2.096 0.0026

No adjuvant
Rx vs.

Chemo + Rads 1.767 1.582–1.973 <0.0001

*Paired comparisons are statistically significant after controlling for
multiple comparisons when p < 0.0170 for 3 comparisons and
p < 0.0127 for 4 comparisons. Thus, note that facility type “Other vs.
Academic” is not statistically significant.
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limited operation, centrally located tumors that leave marginal
options for pancreatic reconstruction, and for patients in whom
partial pancreatectomy is not possible for anatomic or technical
reasons. Younger patients are more likely to survive longer.
Specifically, each decade of advancing age yielded an increase of
death of 13%. Therefore patients with age >70 experience a
significant decline in potential benefit of the procedure, espe-
cially if other tumor factors are not favorable. These data suggest
that survival is improved if these procedures are performed in
high-volume centers of excellence. The fact that survival is
HPB 2016, 18, 21–28 © 2015 International Hepato-P
improved in patients with smaller, node negative tumors is more
a reflection of the stage of disease rather than the operation that
was performed. However, the impact of achieving a negative
surgical margin is highlighted in this review, and is probably one
of the few significant factors impacting survival that can be
controlled by the surgeon. The benefits of systemic therapy in
combination with surgery have been illustrated in other studies,
and this review is consistent with those conclusions.
The overall 30-day mortality rate for cancer patients under-

going total pancreatectomy is 5.5%. This is consistent with
recently reported mortality data collected from the ACS NSQIP
that shows total pancreatectomy to have a nearly two-fold in-
crease in mortality risk compared to proximal pancreatec-
tomy.25,26 These mortality rates are lower than those reported in
previous decades, but high enough to discourage elective total
pancreatectomy if a partial resection would be oncologically and
technically feasible. Hospital lengths of stay and readmission
rates are comparable to other major pancreatic resections.
Quality of life was not included in this analysis, but the results of
other recent studies demonstrate overall improvement in patient
satisfaction compared to historical reviews. Considering the
consistently poor survival outcomes of patients who undergo
margin-positive resections, an effort to obtain clear margins via
progression to total pancreatectomy should be considered in
patients with favorable characteristics. There are several limita-
tions to this study, which include the retrospective nature of the
review, the lack of morbidity data, and missing data, although
expected in a database of this size and nature. No clinically
relevant analysis included variables with missing data, as
discussed in the methods section. In addition, there is a need for
more specific oncologic outcome data such as local recurrence
rates, and lack of tolerance data specific to total pancreatectomy,
such as readmissions for endocrine deficiencies, details of hy-
poglycemic control, and quality of life.
Conclusion

The question of whether to proceed with a total pancreatic
resection becomes one based on the benefits of removing the
entire gland with the intention of clearing all gross and micro-
scopic disease, and minimizing the likelihood for local recur-
rence. Large comparative studies looking at partial versus total
pancreatectomy are not currently available, but an NCDB review
comparing total pancreatic resection with partial resection would
be informative. This review serves to define the survival char-
acteristics of patients with invasive pancreatic tumors who un-
derwent a total pancreatectomy in the last 14 years in the United
States, and may provide a baseline for future comparative ana-
lyses on this topic.
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