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Abstract

Drug absorption in patients with chronic pancreatitis
might be affected by the pathophysiology of the dis-
ease. The exocrine pancreatic insufficiency is associ-
ated with changes in gastrointestinal intraluminal pH,
motility disorder, bacterial overgrowth and changed
pancreatic gland secretion. Together these factors can
result in malabsorption and may also affect the efficacy
of pharmacological intervention. The lifestyle of chronic
pancreatitis patients may also contribute to gastrointes-
tinal changes. Many patients limit their food intake be-
cause of the pain caused by eating and in some cases
food intake is more or less substituted with alcohol,
tobacco and coffee. Alcohol and drug interaction are
known to influence the pharmacokinetics by altering
either drug absorption or by affecting liver metabolism.
Since patients suffering from chronic pancreatitis expe-
rience severe pain, opioids are often prescribed as pain
treatment. Opioids have intrinsic effects on gastroin-
testinal motility and hence can modify the absorption
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of other drugs taken at the same time. Furthermore,
the increased fluid absorption caused by opioids will
decrease water available for drug dissolution and may
hereby affect absorption of the drug. As stated above
many factors can influence drug absorption and me-
tabolism in patients with chronic pancreatitis. The fac-
tors may not have clinical relevance, but may explain
inter-individual variations in responses to a given drug,
in patients with chronic pancreatitis.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: In patients with chronic pancreatitis several
pathophysiological factors can account for malabsorp-
tion and may also affect the efficacy of pharmacological
intervention by reduced drug absorption. For example
it can be speculated that changes in gastrointestinal
intraluminal pH, motility disorder, bacterial overgrowth
and changed pancreatic gland secretion may contrib-
ute. The lifestyle of chronic pancreatitis patients may
also be a factor to gastrointestinal changes. The factors
may not have clinical relevance, but may explain inter-
individual variations in responses to a given drug, in
patients with chronic pancreatitis.
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INTRODUCTION

Chronic pancreatitis is a persistent inflammation of
the pancreas that results in irreversible morphological
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changes and impairment of both exocrine and endoctine
functions'’. The etiology of chronic pancreatitis is multi-
factorial and the risk factors include alcohol and nicotine
consumption, hereditary factors, efferent duct obstruc-
tions, immunological factors or rare metabolic disor-
ders™. It is well known that pancreatitis patients suffer
from malabsorptionm] and it could be hypothesized that
this would also affect drug absorption.

Drug absorption in patients with gastrointestinal dis-
orders can be influenced by alterations in several factors.
For example; gastric and intestinal motility, changes in the
mucosal surface area available for drug absorption, and
altered physical and chemical properties of the intestinal
luminal content. These properties are usually changed
in combination and the degree of each factor impact is
dependent on the duration and severity of the disease!”.
Despite this, most of the data about bioavailability of
orally administered drugs are obtained from healthy indi-
viduals.

The knowledge about drug absorption in patients
with chronic pancreatitis is limited. It has been demon-
strated that the pharmacokinetic profile of pregabalin
was not extensively affected by chronic pancreatitism.
However, inter-individual variations were found and sev-
eral factors affecting drug pharmacokinetic profiles in
patients with chronic pancreatitis may be relevant to con-
sider.

This aim of this review was therefore to evaluate
different factors which could possibly affect drug ab-
sorption in chronic pancreatitis patients leading to phar-
macological challenges in this patient group. Moreover,
suggestions on how to diminish the impact of these fac-
tors will be provided.

GASTROINTESTINAL PHYSIOLOGICAL
CHANGES THAT MAY AFFECT DRUG
EFFECTS

Two primary factors influencing bioavailability of orally

administered medications is the amount of drug ab-
sorbed, and metabolism by the liver. Hence, any factor
influencing the gastrointestinal tract can alter drug ab-
sorption, such as gastric pH, regional blood flow, mucosal

surface area and gut motility®,

Drug absorption

Chronic pancreatitis is a clinical condition in which exo-
crine pancreatic insufficiency occur leading to secondary
maldigestion. Several causes of exocrine pancreatic insuf-
ficiency may be associated with changes in gastrointes-
tinal physiology such as: (1) changes in gastrointestinal
intraluminal pH; (2) motility disorders; (3) bacterial over-
growth; and (4) pancreatic secretion.

Together these factors can result in malabsorption
and may also affect the efficacy of pharmacological treat-
ment in exocrine pancreatic insufficiency. The main
clinical manifestation of exocrine pancreatic insufficiency
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is fat malabsorption, identified as steatorrhea'. Steator-
rhea leads to deficit of fat-soluble vitamins (A, D, E and
K) with consequent clinical manifestations”. Moreover,
fat malabsorption may affect absorption of lipophilic
drug formulations and as such deserves particular atten-
tion'".

Changes in intraluminal pH: Low intraluminal pH
in the upper small intestine might be a factor in the
pathogenesis of fecal loss of bile acids in pancreatic
insufﬁciencyw. The drug’s ability to cross membranes is
determined by the environmental pH and the acid disso-
ciation constant (pKa). Therefore, decreased intraluminal
pH may affect drug absorption. However, this may be of
variable importance, as changes in intraluminal pH might
be negligible in some cases and more pronounced in oth-
ers.

Motility disorders: The rate of gastric emptying and
intestinal transit is abnormal in patients with chronic pan-
creatitis and this may affect the efficacy of treatments'™.
Gastric emptying can be accelerated due to diarrhea™ or
decreased by, eg., opioids. Because most drugs are ab-
sorbed through the small intestines, delayed gastric emp-
tying will prolong the time to peak concentration and de-
lay the onset of the action of a drugm. Clinicians should
be aware that delayed gastric emptying can delay the
onset of action of a medication if administered orally”.
On the other hand accelerated gastric emptying will have
the opposite effect. Taken together gastric emptying is
likely to be a rate limiting step in drug absorption unless
normal absorption (prolonged release) is slow!".

Bacterial overgrowth: One mechanism which has
been hypothesized between maldigestion and intestinal
alterations relates to bacterial overgrowth in the small
intestine. It has been speculated that lack of coordination
between motor activity and peak of secretory activity in
the gastrointestinal tract may reduce the effectiveness
of the “housekeeper” function and thereby contribute
to the intestinal bacterial overgrowth often observed in
patients with chronic pancreatitis'". Bacterial overgrowth
might either contribute to diarrhea or account for the
persistence of diarrhea. Moreover, bacterial overgrowth
might give rise to bile acid malabsorption and changes
in intestinal permeability™'?. Bacterial overgrowth may
interfere with the normal intestinal environment and lead
to atrophic mucosa with structural abnormalities which

can decrease drug absorptionm]

Pancreatic gland secretion: The pancreatic gland
normally secretes more than 2 L of juice per day (high
protein content) with enzymes able to digest lipids, pro-
teins and carbohydrates. Patients with exocrine pancreatic
insufficiency exhibit decreased pancreatic bicarbonate
secretion resulting in reduction in duodenal pH postpran-
dial, leading to inactivation of orally administered exog-
enous enzymes'. In the same line acidic inactivation of
pancreatic enzymes is considered a significant reason for
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Figure 1 Absorption of pregabalin in eight female patients with
chronic pancreatitis. Curves illustrate the variance in absorption
of pregabalin after 75 mg pregabalin (oral capsule). Especially one
patient varied from other subjects by having increased plasma
concentration of pregabalin. Not a single cause could explain this
outlier, but it could be a combination of several factors suggested.

Time (min)

failure of drug therapym.

A combination of the above mentioned factors may
affect drug absorption in patients with chronic pancreati-
tis. Figure 1 illustrates the variance in absorption of pre-
gabalin in a group of women with chronic pancreatitis.

Drug elimination

To our knowledge only one study investigated hepatic
drug metabolism in patients with chronic pancreatitis and
found reduced drug elimination capacity in this group of
patients'”, The results were most probably explained by
the patients’ general state, with a fairly overt malnutrition,
although theoretically, a subclinical, probably alcohol-in-
duced, liver affection could not be ruled out'. Interest-
ingly, the study results yielded the need for caution upon
administration of drugs that are biotransformed in the
liver.

Thus, to optimize the efficacy of pharmaceutical
treatment, the management of exoctine pancreatic insuf-
ficiency should ideally be individually tailored to account
for both the underlying cause and any associated distur-
bance in gastrointestinal physiology.

Lifestyle

The gastrointestinal physiological changes in chronic
pancreatitis can be further affected by patients’ lifestyle.
Many patients limit their food intake because of the pain
caused by eating and in some cases food intake is more
or less substituted with tobacco and coffee!"”. Due to
malabsorption and lifestyle factors, chronic pancreatitis
patients ate likely to have a lower body mass index than
those not suffering from this disease!'”. Thus, body mass
index is an easy accessible but important factor to con-
sider in dose decision in these patients, as drug disposi-
tion might be affected. This is especially important when
drugs with a narrow therapeutic index, such as, ¢.g., wat-
farin and digoxin are prescribed"".

Furthermore, decreased food intake, could be an
important factor in several cases of chronic pancreati-
tis as food intake will affect some of the physiological
processes, eg., changes in pH, reduced gastric emptying
time, increased gall secretion, increased motility, increased
gastrointestinal and liver blood flow. Most of these pro-
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cesses are already affected by the pancreatitis and hence
these changes could possibly affect drug bioavailability.
Consequently, reduced food intake in itself will worsen
gastrointestinal physiological processes.

Insufficient food intake due to nausea, anorexia or
alcoholism may also be of some signiﬁcance[m]. Alcohol
abuse is a well known etiological factor (alcoholic chronic
pancreatitis) and the lifestyle of the alcoholic chronic
pancreatitis patient group is in general characterized by
excessive alcohol consumption and smoking. Together,
these factors can be further accompanied by insufficient
food intake and will eventually also lead to malnutrition.

Alcohol can be used as a central nervous system
depressant to relieve pain and concerns about the dis-
ease. Therefore many patients with chronic pancreatitis
continue their alcohol consumption throughout disease
progression. In relation to alcohol induced chronic pan-
creatitis it is relevant to consider how the lifestyle with
regard to alcohol- and alcohol related dietary habits may
provide pharmacologically challenges. The most fre-
quent pharmacological interaction is the combination
of alcohol with other depressors of the central nervous
system!"”. Moreover, alcohol drug interactions can influ-
ence the pharmacokinetics of a drug by altering the drug
absorption or by affecting the liver metabolism. The ef-
fect will vary with, e.g., the amount of alcohol consumed,
the nature of the drug, the dosage and how the drug is
administered. There are various interactions between
alcohol and drugs. Antihistamines, analgesics and antide-
pressants are examples of drugs which may interact with
alcohol.

The liver is the primary site of drug metabolism and
the cytochrome P450 mixed-function oxidase enzyme
system, is primarily responsible for this process. Alcohol
inhibits the oxidation of drugs by cytochrome P450 iso-
enzyme (CYP2EL1). In contrast, chronic alcohol consump-
tion will cause induction of the CYP2E1 leading to in-
creased drug metabolism. Previously, concerns have been
raised regarding interactions of paracetamol and alcohol.
However, paracetamol interaction is only a problem when
ingestion of alcohol is suddenly stopped. Consequently,
the hepatic glutathione is unable to detoxify which leads
to irreversible hepatic damage. Therefore, in chronic alco-
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Table 1 Pathophysiological and lifestyle related effects on

drug absorption

Pathophysiology Effect on drug absorption

Low intraluminal pH
Motility disorder
Bacterial overgrowth

The drugs ability to cross the luminal wall
Delayed drug effect
Decreased absorption due to diarrhea or
structural abnormalities
Pancreatic secretion Lack of enzymes leads to inactivation of pro-
drugs
Problems with absorption of lipophilic drugs
Increased plasma concentration

Steatorrhea
Low body mass index

holic patients the consumption of alcohol should not be
suspended on prescribing paracetamol” . Additionally, ex-
tensive alcohol consumption may result in gastric mucosal
injury and hereby further affect drug absorption[S].
Smoking may increase hepatic drug metabolism to a
" and may in addition result in induc-

tion of the cytochrome oxidases'”. It has also been dem-

significant extent

onstrated that body mass index is associated with ciga-
rette smoking in chronic alcoholic-associated pancreatitis
patients; the more cigarettes smoked per day, the lower
the mean body mass index"”. This is in line with the
hypothesis that alcohol consumption and smoking can
cause insufficient food intake and hereby affecting drug
absorptions.

Abdominal pain is usually the symptom that causes
patients with chronic pancreatitis to seck medical at-
tention. In parallel, they can have a history of alcoholic
abuse making opioids, with their associated abuse poten-
tial together with other side effects as, for example, bowel
dysfunction, less suitable for these patients and other
treatment regimens should be considered'”. Recently it
was demonstrated that pregabalin was superior to pla-
cebo for attenuation of experimental visceral pain in
chronic pancreatitis patients”’. Therefore, pregabalin may
be used to treat pain in patients with chronic pancreatitis
when there is a conflict or concern with abuse.

A summary of pathophysiological effects on drug ab-
sorption is given in Table 1.

MANAGEMENT IN CHRONIC
PANCREATITIS

The physiological processes affected by chronic pancre-

atitis are widespread. This section will focus on how to
treat the pathophysiology of chronic pancreatitis in order
to reduce the impact of factors possibly affecting drug
absorption.

Pharmacological management

Enzyme therapy: The main goal with enzyme treatment
is to achieve optimal enzyme activity in the duodenum®’
and hereby improve the nutritional status, preventing
weight loss, vitamin deficiencies and exocrine pancreatic
insufficiency related symptoms, resulting in steatorrhea.
The most widely used enzyme preparation is porcine
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pancreatin. The preparation contains a mixture of pro-
tease, lipase and amylase™. Léhr e o/ analyzed the
effectiveness of different preparations and concluded
that overall pancreatin preparation replacements must
contain high lipase activity. Lipase of porcine pancreatin
is destroyed by protease and acids, thus it is necessatry to
protect the pancreatin against the influence of gastric ac-
ids. Another factor that is of great importance is the par-
ticle size and the rate of which the porcine pancreatin is
released into the duodenum. The best particle size is as-
sumed to be a diameter of < 2 mm, since these particles
leaves the stomach at the same time as solid food. The
enzymes should be released within 30 min™. Pancre-

P and

atic enzyme supplements improve fat absorption
hence reduces steatorrhea™ and this may have beneficial
effects on drug absorption. In contrast high-dose enzyme
replacement therapy with or without gastric acid sup-
pression may cause additional challenges related to drug
absorption and interactions if additional drug therapy is
requiredm. Thus, enzyme treatment can either enhance or
complicate drug absorption in different aspects and this
should be considered in the pharmacological manage-
ment of clinical symptoms.

Endoscopic therapy or surgical management

More invasive treatment is recommended for patients
with pancreatic duct stones and pancreatic obstruction
in whom standard medical therapy is not sufficient. The
goals of endoscopy and surgery are to decompress ducts,
dilate stricture with stent placement and preserve pancre-
atic tissue and adjacent organs”*. Endoscopic therapy
should be the first-line option because it is less invasive
than surgerym]. Surgery should be the first-line option
in patients in whom endoscopic therapy failed or those
with pancreatic mass with suspicion of malignancyizgj. It
has been assumed that invasive procedures designed to
improve drainage of the main pancreatic duct, will result
in decreased pain. It could therefore be hypothesized
that pain attenuation can improve the lifestyle and hereby
indirectly affecting drug absorption. There is consensus
that endoscopical and surgical management have both
benefits and harms”® and it has been suggested that man-
agement may include medical, endoscopic and surgical
approaches with the interaction between various special-
ties, calling for a concerted multidisciplinary approachlzs].
Moreover, as surgery has a low rate of success with at-
tendant morbidity, mortality and slow recovery rates, it is
not considered an option for optimizing absorption of
drug in the pharmacological management.

Lifestyle changes

Patients with chronic pancreatitis are often advised to
eat small meals with low-fat content (< 20 g of fat) in an
attempt to decrease the need of pancreatic secretion,
Low-fat diets decreases the amount of overall fat pre-
sented to the intestine for digestion and absorption, and
may be helpful alleviating steatorrhea™ and hereby could
lead to better conditions for some drug absorptions.
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However, a systematic review of benefits and harms of
low-fat diet in chronic pancreatitis found no studies of
sufficient quality to confirm the effect of low-fat diet™.
Thus, if people are given pancreatic enzyme supple-
ments, they are usually advised to maintain a normal diet,
as there is no need to lower fat intake alongside enzyme
supplementation”",

Overeating is dissuaded, instead smaller meals on a
more frequent basis is preferred. Frequent meals will also
benefit gastric motility and result in more normal gastro-
intestinal conditions, and hereby improve drug absorp-
tion. The restriction in fat intake should be monitored
by a dietitian who follows the total caloric intake and
the diet should compensate the loss in caloric intake by
catbohydrate-enriched diet. On a catbohydrate-enriched
diet 65%-70% of the total daily energy intake should
derive from carbohydrate. Hereby, it is possible for the
patient to gain weight, which again will be beneficial in
several ways, eg., in relation to drug absorption, where
body weight and body composition is directly related to
drug distribution volumes.

In general alcohol consumption and smoking should
be diminished or avoided to reduce the impact on the
pharmacokinetic profiles. Total alcohol abstinence is only
recommended for patients whose chronic pancreatitis is
derived from alcohol abuse.

ADDITIONAL GASTROINTESTINAL
CHANGES CAUSED BY OPIOIDS

Patients with painful chronic pancreatitis are often treated

with opioids which lead to diverse issues and alterations
in the gastrointestinal tract. Opioids have intrinsic effects
on gastrointestinal motility and can modify the absorp-
tion of other drugs taken at the same time!"”. It has been
demonstrated that, eg., tramadol is an effective oral opi-
oid analgesic for reducing pain in people with chronic
pancreatitis, but it is also associated with gastrointestinal
adverse effect™. Opioids will affect opioid receptors in
the enteric nervous system and will cause changes in mo-
tility, sphincter function and secretion which affect ab-
sorption leading to opioid induced bowel dysfunctionm]
Opioid induced decreased motility occurs throughout
the entire gastrointestinal tract. In the circular muscle in
the small and large intestine, opioids induce increased
resting contractile tone and decreases tonic inhibition
of the muscle tone, which leads to increased tone in the
circular muscle layer. This is accompanied by occasional
occurrence of high-amplitude, non-propulsive phasic
contractions enhanced by rhythmic contractions and
associated changes in smooth muscle electrical activity.
These motility abnormalities result in decreased propul-
sive forward peristalsis, and increased segmental contrac-
tion which in clinical settings manifests as constipation,
abdominal cramps and gut spasmm’m. An additional con-
sequence of this peristaltic disruption is stasis of luminal
contents, which leads to increased passive fluid absorp-
tion"”. Furthermore, intestinal fluid sectetion is inhibited
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by opioids directly #a the enteric nervous system. In the
sympathetic nervous system opioids also increase activity
and theteby dectease the secretion. Serotonin and not-
adrenaline as terminal transmitters seems to dominate the
local effect”™™. An overall decreased gut secretion of in-
testinal fluids takes place and together leads to harder and
dryer stools”™**. Therefore, patients treated with opioids
might have even more pronounced decreased motility
which will complicate drug absorption further. Further-
more, as solid drug forms must dissolve before absorp-
tion can occur; dissolution rate determines availability of
the drug for absorption. The increased fluid absorption
caused by opioid effects will decrease water available for
drug dissolution and may hereby affect absorption. If
dissolution is slower than absorption it becomes the rate-
limiting step.

CONCLUSION

Several factors might affect drug absorption and metabo-
lism in patients with chronic pancreatitis: gastric pH, re-

gional blood flow, mucosal surface area and gut motility.
The impact of these factors on drug absorption may be
reduced by treating the pathophysiology of chronic pan-
creatitis. Treatment can be pharmacological management,
enzyme therapy, endoscopic therapy or surgical manage-
ment. Moreover, as gastrointestinal physiological changes
in chronic pancreatitis can be affected by patients’ life-
style, lifestyle changes may lead to more optimal drug
absorption. However, issues raised in this review may
not have clinical relevance, but could explain part of the
variation observed in drug effects in this patient group.
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