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Abstract

Background—Chronic-pancreatitis is a debilitating-disease resulting from many etiologies. The-
subset with hereditary/genetic defects (HGP) not only has chronic-pain, but also an increased-risk
for pancreatic-cancer. The long-term-outcomes of TP-IAT for chronic pancreatitis due-to-HGP are
not clear.

Study Design—Review of a prospectively-maintained-database of 484 TP-1AT-
from-1977-2012 at a single-center. The-outcomes (pain-relief, narcotic-use, 3 cell-function,
health-related quality of-life-measures of patients-that-received TP-IAT for hereditary/genetic-
defects (PRSS1 (n=38), SPINK1 (n=9), CFTR (n=14) and Familial (n=19) were-evaluated-and-
compared to those with non-hereditary/genetic-etiology.

Results—All 80 patients with HGP were narcotic-dependent and failed-endoscopic-management
or direct-pancreatic-surgery. Post TP-1AT, 90% of the patients-were-pancreatitis-pain-free with
sustained-pain-relief; over 65% had partial or full §-cell-function.-Compared to non-hereditary
etiologies, HGP were-younger (22 yrs vs.38 yrs p=<0.001), had-pancreatitis-pain of longer-
duration (11.6+1.1 vs. 9.0£0.4 yrs p=0.016), had a higher-pancreas-fibrosis-score (7+£0.2 vs.
4.8+0.1 p=<0.001), and-trended-toward-lower-Islet-yield (3,435 + 361 IEQ vs. 3850+ 128 IEQ
p=0.28). Using-multivariate-logistic-regression, (1) non-HGP-etiology (p value=0.019) (2) lower
severity-of-pancreas-fibrosis (p value < 0.001), (3) shorter-duration-of-years with pancreatitis (p
value = 0.008) and (4) higher-transplant IEQ per KG body-weight (p value =<0.001) were-more
likely-to-achieve-insulin-independence (p value < 0.001). There was a significant-improvement in
HRQoL from-baseline, by SF-36, in physical-and-mental-component HRQoL scores (p <0.001).
None-of-the-patients in the entire-cohort-developed-cancer of pancreatic-origin in the liver or
elsewhere during 2,936 person-years of follow-up.
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Conclusions—TP-IAT in patients with chronic pancreatitis due to HGP etiology provides long-
term pain relief (90%) and preservation-of-beta-cell-function. Patients with chronic-painful
pancreatitis due to HGP with a high-life-time-risk of pancreatic-cancer should be considered
earlier for TP-IAT before pancreatic-inflammation results in higher-degree of pancreatic-fibrosis
and islet-cell-function-loss.
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Introduction

Chronic Pancreatitis is a disease resulting in debilitating pain, narcotic dependence,
diminished quality of life with patients often seeking surgical options for the relief of pain.
While there are many recognized anatomic and drug induced causes of pancreatitis, often
the etiology is unknown or idiopathic. There is an increasing recognition that a gene
predisposition, Hereditary/Genetic pancreatitis (HGP), is associated with chronic
pancreatitis. Le Bodic et al. in 1996 described a genetic mutation in a specific gene affecting
47 of 147 members across for 4 generations of a French family from Vendee.! The first
molecular definition of hereditary pancreatitis was a mutation on chromosome 7935 locus
(R122H) of the protease trypsin 1 (PRSS1, cationic trypsinogen) gene.12 PRSS1 gene
mutations are autosomal dominant with an incomplete penetrance (80%).23 Since 1996,
more than 30 mutations have been found.22 The 3 common mutations are R122H, N291 and
A16V.3 Other gene mutations implicated in hereditary pancreatitis include serine protease
inhibitor Kazal type 1 (SPINK 1, neither autosomal dominant nor recessive) and cystic
fibrosis transmembrane conductance regulator (CFTR, autosomal recessive) gene.*>6 Both
carry a 1% penetrance. First symptoms in patients with HGP typically begin in childhood,
mainly before 10 years of age. Main symptoms are pancreatic pain and acute pancreatitis
(>70%).” The disease progresses with morphological changes of chronic pancreatitis
occurring in the pancreas gland by a median age of 22-25 years.” Exocrine and endocrine
pancreatic insufficiency occurs in 34% and 26% at a median age of 29 and 38 years
respectively.” More importantly, a recent large series of patients with hereditary pancreatitis
showed that, there is a 44% cumulative risk of pancreatic cancer by 70 years following the
onset of symptoms.8 Furthermore, 6% of the patients in EUROPAC study and 3% of the
International Hereditary Pancreatitis Study group developed pancreatic adenocarcinoma (50
times higher risk than the general population).3-8 However, the relative role of CFTR/
SPINK1 mutations in carcinogenesis is not well-established compared to PRSS1 mutations.®
The former mutations are likely to serve as disease modifying genes although modern series
have indirectly expanded the definition of hereditary pancreatitis to include all mutations of
PRSS1, SPINK1 and CFTR.?

HGP should be excellent indication for total pancreatectomy, removing all tissue associated
with the pain and decreasing risk for the development of adenocarcinoma. Islet auto
transplantation before the pancreas is irreparably fibrosed should offer therapeutic benefit
with preserved glycemic control and better quality of life after total extirpation of the
pancreas. Few reports have focused on outcomes of Total Pancreatectomy and Islet
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Autotransplant (TP-IAT) in HGP group.1? This study reviews University of Minnesota
experience of TP-1AT in patients with HGP related chronic pancreatitis compared to those
without a recognized genetic component.

An institutional database has been maintained for all TP-1ATs performed between 1977 and
2012 at the University of Minnesota. This was reviewed and 80 procedures were performed
for hereditary/genetic pancreatitis. Patients were categorized as hereditary pancreatitis if
there was genetic confirmation (PRSS1, SPINKZ1, and or CFTR) or met the family history
criteria; the criteria were defined as the presence of recurrent acute pancreatitis or chronic
pancreatitis in two first-degree relatives or > three second-degree relatives in at least two
generations without any other etiology of pancreatitis.® The criteria for selection of patients
offered TP-1AT for CP has evolved over the years, but has been standardized for the last 5
years. Currently, to qualify for TP-1AT, the patient must have had abdominal pain of > 6
months duration with impaired quality of life e.g., inability to work, inability to participate
in ordinary activities, repeated hospitalizations, or constant need for narcotics, each coupled
with failure to respond to maximal medical treatment or endoscopic pancreatic duct drainage
procedures. In addition, there must be objective findings of CP, including at least one of the
following: (1) pancreas calcifications on CT scan, or abnormal ERCP, or = 6/9 criteria on
endoscopic ultrasound(EUS); or (2) any two of following three: (1) ductal or parenchymal
abnormalities on secretin stimulated magnetic resonance cholangiopancreatography
(MRCP), EUS of pancreas with 6/9 criteria positive, or abnormal pancreatic function tests
with peak bicarbonate < 80 mmol/L).; or (2) Histopathologic confirmed diagnosis of chronic
pancreatitis from previous operations; or (3) Hereditary pancreatitis (PRSS1 gene mutation,
SPINK1 gene mutation, CFTR gene mutations), with a compatible clinical history ; or (4)
History of recurrent acute pancreatitis with > 3 episodes of pain associated with imaging
diagnostic of acute pancreatitis and/or elevated serum amylase or lipase 3 times normal.11

The current study was approved by the University of Minnesota Institutional Review Board.
Informed consent and assent were obtained from patients participating in quality of life
assessments.

Surgical Technique

The main requirement of the surgical technique for patients receiving an Islet auto
transplantation is the preservation of blood supply to the pancreas until completion of
pancreatic mobilization with the minimization of warm ischemia time to maximize islet cell
viability. Our Minnesota Technique is described elsewhere and has evolved over the years.11
For the procedure, either laparoscopic or midline incision is used to mobilize the pancreas.
Current technique includes total pancreatectomy (along 2, 3, 4 part of duodenum) with
splenectomy and pylorus preservation, duodenojejunostomy to reestablish gastrointestinal
continuity and a Roux en-Y hepaticojejunostomy for the biliary reconstruction; Routine use
of Gastric and jejunal tubes (either as two or single GJ tube) permits early enteral feeding
and prolonged gastric decompression.
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Islet Isolation and Infusion

Our islet isolation technique is described elsewhere.11-14 The most critical and immediate
isolation challenge is the task of enzyme distention. Variables such as pancreas size, degree
of fibrosis, presence of calcifications, and dilated pancreas ducts all influence the quality of
digestion. Depending on the extent of ductal alterations, for catheterization of the main
pancreatic duct, we use a large-bore, metal catheter for severely dilated ducts. In cases of
extreme fibrosis and rock like tissue quality, when automated and manual ductal perfusion
may achieve only a partial distention; we used interstitial injection of enzyme with a needle
and syringe to further distend unreached areas. After distention, the pancreas is cut into
smaller (2-3cm) 20-30 pieces before digestion in the Ricordi chamber to greatly enhance
the overall exposure of pancreas to dissociation enzymes.

Liberase-HI dissociation enzyme was used in the isolations until 2007, from which point
SERVA premium grade collagenase and neutral protease were used.1* Recently, we found
the use of VitaCyte collagenase in combination with SERVA neutral protease (New enzyme
mixture) can produce greater islet yields with more consistency than using SERVA enzymes
alone.13 Since December 2009 we have utilized this new enzyme combination in specific
doses based on the patient age, estimated pancreas weight, and degree of pancreatic fibrosis.
Pancreatic fibrosis was rated on a scale from 1 to 10; after digestion, the islets can be
purified or partially purified by gradient separation method or can be transplanted as an
unpurified preparation. Islet purification is performed using density gradients in the COBE
2991 cell processor. Currently, a post digest tissue volume of > 0.25cm3/Kg is an indication
to purify.11 The final islet preparation is suspended in 500 mL of CMRI culture medium
(Mediatech, Inc) with human albumin added to a concentration of 2.5%. We have recently
added heparin 35units/Kg into the final islet preparation to prevent any clumping of the
islets.

Islet cell infusion

To diminish the risk of portal vein thrombosis after islet infusion, heparin is administered
prior and during the islet infusion, The islet infusion is given intraportally through the
splenic vein stump and changes in portal pressure/flow are recorded using a manometer or
Transonic flow probe (Transonic Systems Inc. New York, USA). If the pressure rises to
more than 25 cm saline (after waiting for 15 minutes to autoregulate), the flow diminishes to
less than 100 ml/min or if a total tissue volume infused exceeds 0.25/kg, the portal infusion
is stopped and the rest of the islet preparation is implanted in the peritoneal cavity as a thin-
film.

Post-operative management

All patients are started on an insulin drip to maintain blood sugar control between 80 and
120 mg/dL, in the immediate post operative to relieve -cell functional stress during islet
engraftment.1>-18 The heparin drip is continued at 10 units per kilogram for seven days. If
the Doppler ultrasound revealed any portal vein clots, anti-coagulation with warfarin was
continued for three months.
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Symptom control of delayed gastric emptying is accomplished by gastric decompression via
the gastric port of the gastrojejunal tube (placed in the operating room) and early enteral/
jejunal feeding is initiated as soon as the small bowel ileus resolves. Oral diet is started as
the delayed gastric emptying resolves and evident by low gastrostomy tube outputs.

Glycemic and diet follow-up

During the first three months post TP-IAT nearly all patients receive exogenous insulin to
relieve beta cell functional stress during the engraftment (neovascularization) stage.1>-18
Thereafter, insulin is weaned as long as blood glucose levels remain in a near normal target
range (fasting < 125 mg/dl post prandial < 180 mg/dl and glycosolated hemoglobin < 6.5
%). If these parameters are not achieved, the patient is maintained on insulin.

Diet is advanced and tube feeds are stopped when the patient was able to take adequate oral
calories and protein. Exogenous pancreatic enzyme and fat soluble vitamin (ADEK)
modulation is essential as food intake progresses. Patients are seen after surgery in
outpatient clinics at three months, six months and one year and thereafter annually. Routine
laboratory studies are obtained at these intervals, including fasting glucose and C-peptide,
stimulated glucose and C-peptide, and hemoglobin AL1C level for assessment of metabolic
control and islet graft function

Pain Management

All patients were on narcotics before the operation. Patients are post operatively started on
intravenous narcotics, and as they resume gastrointestinal function, oral narcotics are
reinstituted with gastrointestinal function returns. Patients are weaned off narcotics in the
outpatient clinics over a protracted period (often is excess of a year). Narcotic use and
strategy is overseen by the pain management service.

Data Review

484 patients underwent TP-1AT at the University of Minnesota and 80 patients were
identified as CP resulting from HCP. The medical records were reviewed and clinical data
prospectively stored in the long-term auto islet database and analyzed. We compared
narcotic use before and after the procedure, short and long-term success of the islet
transplantation, and postoperative quality of life. Narcotic use was determined from the
medical records and from self-reported survey data. Patients were classified as either being
on narcotics (no matter the dose) or off narcotics, meaning they took no narcotics daily or
intermittently. Patients were asked if they had any pain during follow-up and if any
component of the pain was similar to what they considered pancreatic pain similar to the
time before TP-IAT. For the insulin use, patients were classified as follows: (1) Insulin-
independent, (2) Partial graft function (C-peptide positive defined as > 0.6ng/dl or C-peptide
unknown, the ability to maintain near normal glucose and glycohemoglobin levels on once
daily long acting insulin only or with only occasional supplementation (less than daily) with
short acting insulin), or (3) Insulin-dependent (C-peptide < 0.6 ng/ml; or if unknown on both
long and short acting insulin [basal-bolus regimen] to maintain glycemic control.11
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Statistical Methods

Results

Discrete variables were summarized as counts and percentages; continuous variables were
summarized as means and standard error of means. Statistical differences between
hereditary/genetic and non-hereditary/genetic groups were tested using the either a Pearson's
chi-square or t statistic. Data were summarized for recipient characteristics and prior
procedures. Outcomes were evaluated for (1) metabolic end-points, (2) clinical status, (3)
pain, and (4) health-related quality of life (HRQoL).

Least squares linear regression was used for identifying factors independently association
with islet equivalents per kilogram body weight. Forward and backward stepwise regression
were used in creation of a parsimonious, reduced model.

Kaplan-Meier survival analysis was used for testing differences in patient survival between
groups. Time-to-event analysis was used to evaluate the days from transplant to insulin
independence.

Differences in metabolic end-points, clinical status, pain, and HRQoL between hereditary/
genetic and non-hereditary/genetic groups were tested using mixed model methods. For
continuous variables, such as metabolic parameters, general mixed models were employed;
for categorical outcomes, such as clinical status generalized linear mixed models were used.
Each of these models was blocked for hereditary etiology and time as a continuous variable.
All analyses were completed using SAS STAT™. Figures were prepared using GraphPad
Prism version 5.00 for Windows, GraphPad Software, San Diego California USA,
www.graphpad.com

Patient demographics

80 patients were classified as having hereditary/genetic etiologies for chronic pancreatitis,
61 of these (76.3%) were confirmed through genetic testing. The other 19 had a strong
family history of CP and antedated the ability to perform genetic testing. There were 404
TP-1AT patients with non-HGP etiologies. Table 1 shows the characteristics of TP-1AT
patients by etiology. HGP appears as a diagnosis in more recent times (p value = 0.028),
younger (p value < 0.001) and predominantly female (p value = 0.002). Hereditary/genetic
TPIATS had statistically lower BMI (p value = 0.009), greater years with pancreatitis (p
value < 0.001), and more years with pain prior to TPIAT (p value = 0.016). Table 2 gives
the previous surgical interventions. The groups were similar in terms of previous surgical
interventions except for a statistically higher prevalence of Puestow (p value = 0.001) and
lower likelihood of stenting (p value = 0.009) in the HGP etiology group.

While nearly a one-quarter of the TP-IATSs did not have confirmation through genetic
testing, a separate sensitivity analysis supported the similarity of the 2 sub-groups. The
adoption of the genetic testing became routine after 2005. Differences between the HGP
group that were genetically tested and those not genetically tested tend to reflect variations
in patient selection and management prior to surgery. Genetically confirmed patients were
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more likely in the more recent era (p value < 0.001), had more severe pancreas fibrosis (p
value = 0.003), less likely to have direct pancreas surgery before TP-IAT (p value = 0.005),
and more likely to have been stented (p value = 0.049) prior to surgery.

Surgical Outcomes

HGP pancreases were generally small (<60g) and fibrotic. Table 3 gives the surgical
characteristics for the removed pancreas. TP-1ATs from HGP etiology had statistically
increased pancreas fibrosis (p value < 0.001) and lower tissue volumes infused at the time of
transplant (p value = 0.021). Islet equivalents (IEQ) per kilogram body weight were similar
across the groups.

With multivariate statistical adjustment, there was no association between HGP etiology and
IEQ adjusting for pancreas fibrosis, transplant era, years with pancreatitis, and tissue
volume. In fact, the major drivers for islet yield in order of importance were: (1) the severity
of pancreas fibrosis (p value < 0.001), (2) transplant era (p value = 0.010), and (3) years
with pancreatitis (p value = 0.008). Tissue volume and HGP etiology were not
independently related to islet yield. Prior direct pancreas surgery was associated with a
lower islet yield (Table 4)

Patient Survival

Using a Kaplan-Meier method, patient survival at 10-years for the entire cohort of 484
TPIATSs was 84.01%. In comparing patient survival by HGP etiology, the follow-up interval
was truncated to 5-years. With stratification by HGP etiology, we found no statistical
differences in 5-year patient survival (hereditary/genetic — 90.27% versus non- hereditary/
genetic — 89.72%; p values for Log-Rank/Wilcoxon — 0.166/0.116). There were 4 late deaths
in the HGP group. One patient died of sepsis 1.8 years post TP-IAT, one due to narcotic
over dose at 4.2 years post TP-1AT, one due to non-pancreas cancer- at 5.2 years post TP-
IAT and one unknown >10 years post TP-1AT.

Pain after TP-IAT

Based on generalized linear mixed model, pancreatitis pain and the prevalence of any pain
were statistically improved following TP-1AT (p values < 0.001). We found no statistical
differences in these outcomes between HGP and non-hereditary/genetic groups for
pancreatitis pain (p value 0.227), the prevalence of any pain (p value = 0.355). Statistical
tests for differences in the severity of pain used the general linear mixed model. In this
analysis pain severity was statistically lower pretransplant in the HGP group (p value <
0.001) and tended to remain lower throughout the 10-years of follow-up. Overall, there was
no statistical difference between the groups in pain severity. Figure 1 shows the aggregate
trajectory of change for the 3 pain outcomes. Prevalence of narcotic use was tracked for
HGP etiologies through 10 years after TP-IAT. Overall, the prevalence of narcotic use
reduced from 70 percent pretransplant (note this is based on available data — it is likely
100%) to less than 1 in 5 at 10 years. This was a statistically significant decline based on the
generalized linear mixed model (p value < 0.001). Figure 2 gives the prevalence of narcotic
use and corresponding standard errors of the mean trajectory for HGP and non-hereditary
etiologies. While there were no statistical differences between TP-1ATs with hereditary
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etiology and non-hereditary etiologies (p value = 0.110), the trajectory of decline in reported
narcotic use was statistically greater for the TPIATs with hereditary etiologies compared
with non-hereditary etiologies (p value < 001).

Glycemic Control, Insulin Independence and Clinical Status

Figure 3 gives the clinical status for TP-1ATs for HGP and non-hereditary etiologies by
years of follow-up. Since patients did not have follow-up at each interval after TP-1AT,
clinical status was ascertained using the last clinical value carried forward (LVCF). We
found no statistical differences in the clinical status by etiology (p value = 0.549) or the time
difference of differences (i.e., the differences in the rate of change between the two groups)
by etiology for the 10-years of follow up (p value = 0.784). One-quarter of the TP-1ATs
were insulin dependent after TP-IAT but the greater majority of transplants had partial islet
function.

Sixteen of the 80 TP-IATs with HGP etiology (20.0%) attained complete insulin
independence at some time after islet infusion. This compares with 133 of the 404 (32.9%)
having a non-hereditary etiology. Since the unadjusted difference in cumulative incidence
between the etiological groups was statistically significant (p value = 0.022), we examined
the difference in the likelihood of ever achieving complete insulin independence using
multivariate logistic regression. Forward and backward step-wise regression was used to
create a parsimonious model that included: (1) HGP etiology, (2) age, (3) severity of
pancreas fibrosis, (4) body mass index of the recipient at the time of transplant, and (5) IEQ
per KG body weight. Table 5 summarizes the multivariate logistic regression model. With
adjustment, HGP etiology was associated with a statistically reduced likelihood of insulin
independence compared with non-hereditary etiology (Odds Ratio [OR] = 0.33; 95%
confidence limits 0.1, 0.84; p value = 0.019). Independent risk factors for insulin
independence included: (1) recipient age, (2) severity of pancreas fibrosis, (3) recipient body
mass index, and (4) transplant IEQ per KG body weight. The multivariate model provided a
high level of discrimination between those attaining insulin independence and those never
attaining insulin independence (AUC = 80.8; 95% CL 76.0, 85.5). The number of islet
equivalents was the strongest independent predictor for insulin independence with a 1,000
IEQ per body increasing the odds of insulin independence by 39% (OR = 1.39; 95% CL
1.22, 1.58; p value < 0.001). Increased severity of pancreas fibrosis (OR = 0.84; 95% CL
0.76, 0.94; p value = 0.003), advancing age (OR =0.97; 95% CL 0.95, 0.99; p value =
0.003), and recipient body mass index at the time transplant independently decreased the
likelihood of insulin independence (OR = 0.93; 95% CL 0.88, 0.98; p value = 0.005)
independently decreased the likelihood of insulin independence.

Metabolic measures

Three metabolic outcomes were looked in this analysis: (1) positive c-peptide, (2) fasting
glucose, and (3) hemoglobin A1C. The unadjusted results from this analysis suggest that
TPIAT recipients with HGP etiologies do slightly worse than those with non-hereditary/
genetic etiologies. In this analysis, a stimulated c-peptide level = 0.6 ng/ml was a considered
positive c-peptide. For this analysis, positive c-peptide levels were evaluated pretransplant
and at 3-months, 6-months and 12-months after TP-IAT. These time points represent most
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of the available data. Figure 4 shows the prevalence of c-peptide positives by hereditary/
genetic etiology. Based on a generalized linear mixed model, there was a statistical decline
in the prevalence of positive c-peptides with time (p value < 0.001). This occurred for the
HGP and non-hereditary/genetic etiology groups. However, the prevalence of c-peptide
positives was approximately 14% lower in the hereditary/genetic group than in the non-
hereditary/genetic group (p value = 0.005) with the rate of decline in c-peptide positives
statistically greater in the hereditary/genetic group than in the non-hereditary/genetic group
(p value = 0.010).

Figure 5 shows the adjusted mean fasting glucose levels in mg/dL by time after TP-IAT and
hereditary/genetic group. The general mixed model results showed that fasting glucose
levels were statistically higher in the HGP group after TP-IAT compared with the non-
hereditary/genetic group (p value < 0.001). The trajectory of increase in fasting glucose was
statistically greater for those with a HGP etiology than those with a non-hereditary/genetic
etiology (p value < 0.001). Figure 6 shows similar pattern for hemoglobin A1C levels. For
this metabolic measure, there was a statistical difference between hereditary/genetic and
non-hereditary/genetic group (p value = 0.004) with the former group showing a poorer
trajectory of change (p value = 0.014).

The multivariate analysis was limited to fasting glucose, since it was the most complete of
the metabolic measures. For this analysis, multivariate adjustments were made for transplant
era, IEQ per KG body weight, body mass index at the time of transplant, and pancreas
fibrosis. With adjustment, fasting glucose remained statistically higher for the HGP group
versus the non-hereditary group (p value < 0.001). In addition, the rate of increase in fasting
glucose was faster for the hereditary group versus the non-hereditary group (p value 0.001).

Health-Related Quality of Life

During the past 5 years, health-related quality of life (HRQoL) was assessed using the
RAND version of the 36-item short-form health survey (SF-36). For this analysis, the
trajectory of change in health status was evaluated and the relationship between self-
reported health and clinical status was explored. For this analysis, HRQoL pretransplant and
at 3-months, 6-months, 12-months and 24-months after TP-IAT compared patients with
HGP and non-hereditary/genetic etiologies.

In evaluating HRQoL between the groups, adjustments were made for confounding factors.
For this analysis, the Mental Component Summary (MCS) and Physical Component
Summary (PCS) scale scores were adjusted for: gender of the recipient, age, body mass
index at the time of transplant, the number of years with pancreatitis, the number of years
with pain, and pancreas fibrosis severity. These latter factors were found associated with the
health status outcomes and were baseline characteristics that distinguished HGP and non-
hereditary/genetic groups. Blocking on HGP etiology and time of follow-up, an adjusted
general linear mixed model was created. Figure 7 shows the trajectory of health status
change for the adjusted MCS and PCS scale scores at each follow-up time point.

The MCS scale scores statistically improved over time for both the HGP and the non-
hereditary/genetic groups (p value < 0.001). There were no statistical differences between
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the groups (p value = 0.482) and no statistical differences in the rate of change in MCS scale
scores between the groups (p value= 0.428). None of the risk factors were independently
related to MCS.

The results were similar for the PCS scale scores. While physical health as measured by the
PCS improved with time (p value < 0.001), there were no statistical differences between the
etiological groups (p value = 0.287) and the rate of change between the groups (p value =
0.861). The principal drivers for improved physical health was the younger age (p value =
0.029) and fewer years with pancreatitis (p value = 0.389).

In further analysis, the relationship between the use of insulin and HRQoL as measured by
the MCS and PCS. For this analysis, the recipient's clinical status was matched to their
HRQoL for the time period during the first year following TP-1AT. For this analysis, 120
patients had corresponding a corresponding clinical and a completed SF-36 at 6 months or
12 months follow-up. Since the patient's self-reported health is heavily influenced by
extraneous factors, adjustments were made for self-reported pain at that point in time, their
gender and age. A multivariate mixed model was used to evaluate the association between
insulin dependence and insulin independent defined as either insulin-free or partial islet
function requiring some insulin. The results from this analysis are shown in Figure 8.

MCS as a measure of overall emotional health was statistically related to insulin
independence (p value = 0.019). Overall, those patients with partial or full insulin
independence were 4.23 points higher than for those, who were insulin dependent. While
this was an independent factor predicting mental health score, self-reported pain at the time
of the clinical assessment was by far and away the strongest driver for emotional health (p
value < 0.001). As a global measure of physical health, PCS scale scores were unrelated to
insulin status (p value = 0.988). Physical health tended to decline with time (p value =
0.031) and the severity of self-reported pain (p value < 0.001). In the aggregate, physical
health declined more rapidly for those, who were insulin dependent compared with those
less dependent on insulin (p value = 0.039). Among those that were insulin dependent, the
PCS scale scores dropped by an average of 7.07 points. This is a marked decline considering
that the MCS and PCS are standard normalized to have a standard deviation of 10 points.

Discussion

Hereditary/Genetic pancreatitis is increasingly being recognized as a cause of chronic
pancreatitis. The Pancreatitis can be progressive, with recurrent hospitalizations, increasing
pain and narcotic dependence and impaired quality of life. In these cases, progression to
exocrine and endocrine insufficiency is common; in addition, lifetime risk of pancreatic
adenocarcinoma is elevated.319 Initial treatment directed at relieving pain and restoring
quality of life include: narcotic analgesics, pancreatic enzymes to reduce pancreatic
stimulation and treat pancreatic exocrine insufficiency, nerve block procedures such as
celiac plexus blocks, and endoscopic decompression by pancreatic sphincterotomy, stone
extraction, stricture dilation and stent placement.20-22 Those who fail these medical and
endoscopic interventions may be candidates for surgical intervention. A number of surgical
techniques have been used in attempt to ameliorate pain and restore quality of life, including
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partial resection, or pancreatic duct drainage procedures such as lateral
pancreaticojejunostomy (such as Puestow), or variants (such as Frey, Beger
procedures).23:24 Patients often have transient pain relief, but due to the genetic defect there
is diffuse involvement of the entire pancreas and pain eventually recurs in up to 50% of
patients; 25-30 exocrine and endocrine insufficiency often develops over time.”-31 Total
pancreatectomy (TP) eliminates the source of the pain, and potentially eliminates risk of
pancreatic cancer in this HGP group patients and IAT prevents or minimizes TP- related
diabetes. Based on this natural history, it has been our practice at the University of
Minnesota to offer TP-1AT rather than partial resection or duct drainage procedures in this
group of patients, if they meet our criteria for TP-1AT.

The primary goal of TP-IAT is the relief of pain and improved quality of life.11 This study
demonstrated that the cohort with HGP had significant improvement in pain following TP
IAT (p=<0.001) and that it is sustained through the 10 year follow-up. Narcotic use was
significantly lower after TP-1AT in HGP group even compared the non HGP group.

The addition of Islet auto transplant to TP is to minimize the deleterious effect of brittle
diabetes after pancreatic extirpation. With regards to f cell function, despite the islet yield
being statistically not different between the HGP and nonhereditary group; the insulin
independence rate was 20% in the HGP group. More importantly >65% of the entire cohort
demonstrated partial or complete preservation of  cell function. The addition of IAT does
prevent brittle diabetes in most patients.

In our study, the higher degree of pancreatic fibrosis negatively impacted the insulin
independence. On further analysis, when the hereditary/genetic etiology group was
separated by gene type (when it could be determined) into the following 3 groups: (1)
PRSS1, (2) SPINKZ1, and (3) CFTR; The results from this analysis suggest an association
between years with pancreatitis, pancreas fibrosis, and IEQ per KG of body weight that
depends on the specific gene type in the hereditary/genetic group. In the PRSS1 group, the
years with pancreatitis were independently associated with IEQs. In chronic pancreatitis
patient with the PRSS1 gene, each year of pancreatitis was associated with a reduction of
163 islet cells (p value = 0.013). For CFTR gene type, the increased severity of pancreas
fibrosis is strongly associated with a decline in islet yield. For this group, each unit increase
in pancreas fibrosis (on a 0 to 10 scale) was associated with a decline in 1775 islet cells (p
value = 0.003). The length of pancreatitis and the severity of pancreas fibrosis were
unrelated to IEQ in the SPINKZ1. Therefore, in HGP gene types PRSS1 and CFTR, the
longer duration of pancreatitis and inflammation result in a higher degree of pancreatic
fibrosis and islet function loss. These data support the progressive nature of HGP group. The
increased fibrosis by the time patients receive TP-1AT in our present cohort translated into
lower islet yield and lower percent of patients becoming insulin independent (20% vs. 32.9%
p=0.022). Besides the timing of the TP-1AT, previous surgical procedures were an
important consideration as well. Previous surgery, particularly prior Puestow operation
resulted in a statistically lower islet yield and increased the risk of insulin dependence in
long-term follow-up
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TP-1AT is not a cure for the patient, but it does improve their quality of life. We have
reported earlier that HRQoL improves after TP-IAT.1 These results from patients with
HGP etiology further support our earlier findings. The pronounced relationship between
partial or full insulin independence and the improved HRQoL clearly suggests that
achieving partial or full insulin independence in this cohort of HGP patients is important for
improving overall quality of life after TP-1AT.

Another consideration in patients with HGP is the future risk of pancreatic cancer. The risk
of developing pancreatic cancer can be as great as 44% in patients with the PRSS1.8 The
risk is even magnified when the abnormal gene is inherited from the paternal side and if the
patient is a smoker.3:32 There is a theoretical risk that patients after TP-IAT could develop
pancreatic cancer in the liver. In our entire cohort of 484 patients including 61 patients with
known PRSS1 mutation and 2,936 person years of follow up, we have not seen any cancer
in the liver. These findings support a rationale for not offering subtotal resections and
drainage procedures for patients with known PRSS1 mutations.

As genetic testing has not been available during the time of these procedures, our entire
cohort did not undergo genetic testing; Although we instituted genetic testing for patients
diagnosed with chronic pancreatitis at a younger age (<25 years) since 2005, we were
obtaining family history of pancreatitis since inception of the program. Among 80 patients
grouped under hereditary pancreatitis, 61 had identifiable genetic mutations and 19 met the
criteria for familial pancreatitis. A separate sensitivity analysis supported the similarity
between those with identified genes and those with a family history.

In conclusion, we report the largest series of TP-IAT performed for patients with hereditary/
genetic etiology. Hereditary/genetic TP-IATs had significantly more years with pancreatitis
and pain prior to TP-1AT and had a higher degree of pancreatic fibrosis compared to patients
with non-hereditary etiology. They had significantly improved pain after TP-1AT and the
pain relief was sustained at 10 years of follow up. Over 65% of patients had meaningful
preservation of § cell function (including 20% insulin independent). There was no incidence
of pancreatic cancer in the entire cohort at 2,936 person years of follow up. Our results
support offering TP-1AT earlier to patients with chronic pancreatitis from hereditary/genetic
etiologies that fail medical and/or endoscopic procedures.
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HGP Hereditary/Genetic Pancreatitis

HRQoL Health-related quality-of-life

SF-36 RAND 36-item short form health survey

MCS Mental Component Summary

PCS Physical Component Summary

IEQ islet cell equivalent

PRSS1 protease trypsin 1

SPINK 1 serine protease inhibitor Kazal type 1

CFTR cystic fibrosis transmembrane conductance regulator
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Prevalence of Pancreatitis Pain, Any Pain and the Severity of Pain by Hereditary/Genetic

Group and Time after TPIAT.
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Figure 3.
Clinical Status for Hereditary/Genetic and Non-Hereditary/Genetic Groups by Years of

TPIAT Follow-up.
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Figure7.
Multivariate Adjusted Mental Component Summary (MCS) and Physical Component

Summary (PCS) Scale Scores for Hereditary/Genetic and Non-Hereditary/Genetic Groups
by Time of Follow-up.
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Figure8.
Multivariate Adjusted* Mental Component Summary (MCS) and Physical Component

Summary (PCS) Scale Scores and 95% Confidence Limits by Hereditary/Genetic Group and
Time after TPIAT.
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