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CURRENT MANAGEMENT 
OF CHRONIC 
PANCREATITIS

Chronic pancreatitis (CP) is a chronic disease 
characterized by progressive and irreversible 
changes to the pancreas.[1] The fundamental 
pathophysiological processes in CP involve 
chronic inflammation, pancreatic fibrosis, 
acinar atrophy, and blocked ducts. The 
destruction of  acinar cells within the 
lobules by long-term fibrosis ultimately 
leads to the progressive destruction of  
pancreatic parenchyma and severe changes 
in the arrangement and composition 
of  the islets, which eventually results in 
exocrine insufficiency (maldigestion and 
steatorrhea) and endocrine insufficiency 
(diabetes).[2] At the same time, fibrosis 
involving the pancreatic ducts leads to 
focal duct strictures, and the secondary 
stasis of  secretions and calcification of  
protein plugs contributes to pancreatic 
calculi. These calculi obstruct the pancreatic 
ducts and increase pancreatic intraductal 
pressure, which leads to pain, exacerbates 
parenchymal loss, and worsens pancreatic 
function to varying degrees.[1] 

The clinical hallmark feature of  CP is 
abdominal pain, which affects up to 85% 
of  patients.[3] The pain in CP is classically 
reported as epigastric with radiation to the 
back, but may present variably in severity, 
character, and duration.[4] The mechanism of  
pain in CP is poorly understood. Traditional 
theories have inferred that the origin of  
abdominal pain in CP is related to acinar 
cell injury, pancreatic duct obstruction, 
inflammation of  peripancreatic nerves, and 

abnormal pain processing in the central 
nervous system.[5,6] Treatment of  abdominal 
pain in patients with CP may consist of  
combinations of  medical, endoscopic, 
and/or surgical approaches.[7] For patients 
without pancreatic duct obstruction, or 
those with a lower severity of  pain, medical 
management with the use of  antioxidants, 
pregabalin, acetaminophen, nonsteroidal 
anti-inflammatory drugs, or opioids is 
recommended.[8] However, medication 
cannot prevent the development of  CP and 
once the medication is stopped, the pain will 
recur or be even more severe than before.

When pancreatic stones, increased intraductal 
pressure, or duct dilation is observed, efforts 
should be made to relieve the obstruction.[9] In 
small pancreatic calculi, endoscopic retrograde 
cholangiopancreatography (ERCP) followed 
by sphincterotomy and extraction is the 
treatment of  choice. In the management 
of  large pancreatic stones, extracorporeal 
shock wave lithotripsy (ESWL) can be 
offered as an adjunctive therapy to fragment 
large stones before endoscopic removal [10].  
However, the high recurrence rate of  
calculi has been well documented in long-
term follow-up, and rehospitalization 
is required for repeat interventions.[11] 
Surgical options include partial resection 
(e.g., Whipple, distal pancreatectomy), 
drainage (e.g., Puestow), and combined 
partial resection and drainage procedures 
(e.g., Frey, Berne, and Beger).[12] For patients 
with established CP and disabling pain who 
have not improved with other therapeutic 
modalities or are at high risk of  pancreatic 
cancer, total pancreatectomy with auto-
islet transplantation can be subsequently 
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performed.[13] However, as the duodenum and other 
surrounding organs are always removed in this operation, 
it can result in more trauma to the patient. Unfortunately, 
these approaches are often ineffective or have major 
consequences, so novel therapeutics are needed. 

CHEMICAL PANCREATECTOMY

Based on the progressive fibrotic destruction of  the 
pancreatic secretory parenchyma in patients with CP,  
Saleh et al.[14] reported a paradigm-shifting nonsurgical 
“chemical pancreatectomy” as a potential therapy for CP. 
It is generally acknowledged that the progression of  CP 
begins with acinar cell dysfunction, followed by β-cell 
dysfunction and the inflammation of  pancreatic nerves. 
Therefore, removal of  the source of  injury (inflamed 
exocrine tissue) may be beneficial for preventing the 
progression to β-cell dysfunction and minimizing the risk 
of  future pancreatic ductal adenocarcinoma.

The study by Saleh et al.[14] introduced a new strategy to 
ablate the exocrine pancreas through pancreatic ductal 
infusion of  acetic acid (AcA). Two days after AcA 
infusion, pancreatic histopathology showed acinar cell 
injury and necrosis with a marked decrease in amylase 
staining. Fat cells started to replace the exocrine pancreas 
at 4 weeks, a process that was complete by 8 weeks. One 
year after AcA infusion, the loss of  exocrine pancreas was 
persistent with stable fatty replacement, indicating a lack 
of  regeneration. Interestingly, chemical pancreatectomy 
preserved the integrity of  the islets and, in turn, improved 
glucose tolerance and enhanced insulin secretion. Thus, 
it was demonstrated that AcA ablation did not adversely 
affect pancreatic endocrine function. Additionally, Saleh 
et al.[14] found that the number of  neurons in the dorsal 
root ganglion was normal in AcA-treated mice, suggesting 
that AcA was not grossly cytotoxic to sensory neurons. 
Furthermore, the authors demonstrated that chemical 
pancreatectomy ameliorated pain-like behavior in caerulein-
induced CP, which was likely due to resolution of  the 
inflammation. Importantly, a high degree of  similarity 
was found in the histological changes of  normal mice, 
mice with caerulein-induced CP, and non-human primate 
(NHP) models after AcA treatment. These findings made 
it possible to transform chemical pancreatectomy into 
humans, which could potentially be a favorable approach 
in selected CP patients, such as those with disabling pain 
and who intend to have complete surgical removal of  the 
pancreas.

However, the study by Saleh et al.[14] had some limitations. 
First, as the effect of  the chemical pancreatectomy 
procedure has not been verified in patients with CP, further 
translational studies were required to make the therapy 

successful in humans. Second, there was no investigation 
of  any further impacts of  the treatment if  the chemical 
ablation of  the pancreas was insufficient. For example, 
since the remaining acinar cells may continue to develop CP, 
the treatment may increase the risk of  pancreatic cancer. 
Third, there was no data evaluating the exocrine function, 
and it is possible that this method may aggravate exocrine 
damage and promote steatorrhea. Finally, pancreatic duct 
stones cannot be made in animal models of  CP. Thus, it 
is difficult to evaluate the effect of  pancreatic duct stones 
and duct stenosis on the infusion procedure of  AcA. 

In clinical practice, chemical resection methods such as 
ethanol or AcA injection are widely used in ablation of  
hepatocellular carcinoma (HCC), renal and bone tumors, 
and in other operations.[15] For example, in the use of  
chemical ablation for regional therapy of  small HCC, much 
work has been done to establish the indications, the volume 
of  ethanol or AcA injection, the infusion techniques, 
and the management of  complications.[16] Eventually, a 
systematic chemical ablation process was established to 
improve the survival status of  patients with HCC. There is 
still a long way to go to establish an accurate ACA ablation 
strategy for CP patients.

CHEMICAL DISSOLUTION OF 
PANCREATIC STONES

Solitary or multiple disseminated pancreatic stones are 
the most evident feature of  chronic calcific pancreatitis 
(CCP) and can occur in about 50% of  patients.[17] These 
pancreatic calculi obstruct the pancreatic ducts and produce 
upstream ductal hypertension and subsequent parenchymal 
hypertension, which leads to the typical pancreatic pain. 
Both endoscopic therapy and surgery aim to clear these 
calculi and reduce ductal hypertension. Pancreatic stones 
are composed mainly of  calcium carbonate with an inner 
nidus of  protein.[18] If  calcium carbonate can be dissolved, 
the pancreatic stone can be removed.

A series of  studies have been conducted to explore the 
effects of  different solvents on pancreatic stone solubility. 
Lohse et al.[19] first demonstrated that pancreatic stones 
could be dissolved in vitro by a citrate solution. In animal 
models, the intraduodenal infusion of  citrate increased the 
concentration and output of  citrates in pancreatic juice.[20] 
In clinical practice, Güitrón administered a citrate solution 
into the duct via an endoscopically located nasopancreatic 
catheter for 72 h and 120 h in two patients with CCP.[21] 
Radiological studies showed that the calcifications became 
markedly less dense as citrate instillation continued 
and eventually disappeared completely. These results 
demonstrate the feasibility of  citrate instillation into the 
pancreatic ducts to dissolve stones and relieve abdominal 
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pain. Furthermore, Sahel and Sarles have reported that 
oral citrate administration is effective for the dissolution 
of  pancreatic stones and pain relief  in patients with CCP.[22]  
Another weak organic acid, dimethadione (DMO)—a 
solvent for CaCO3—has also been demonstrated to 
have efficacy in CCP.[23] Oral litholysis always uses the 
DMO precursor trimethadione (TMO), which is used as 
an antiepileptic agent and can be converted into DMO 
through metabolic demethylation in vivo. TMO was 
administered orally at a dose of  0.6–1.5 g/d, with the 
mean course for the litholytic therapy extended by about 
78 months. As DMO concentrated in both plasma and 
pancreatic juice, it appeared to be high enough to dissolve 
calcium carbonate in patients with CCP: the pancreatic 
stones were significantly diminished in number and size 
and finally disappeared. Clinical studies demonstrated that 
the TMO treatment was effective in dissolving stones, 
with litholysis or partial litholysis in approximately 86% 
patients with CCP.[23,24] Additionally, the treatment was 
highly suggestive of  a favorable effect of  oral TMO on 
pancreatic endocrine function and exocrine function in 
patients whose pancreatic stones were dissolved. 

However, oral litholytic therapy by the administration of  
TMO has some limitations. First, long-term administration 
of  TMO will induce side effects such as photophobia, 
leukopenia, and hepatorenal disturbance. Second, if  the 
patients discontinued TMO intake, the pancreatic stones 
recurred and gradually increased in size and number.[24] 
Furthermore, these studies have not been validated and 
there are no randomized or comparative trials with a 
large sample size to confirm the efficacy of  the proposed 
treatment. 

SUMMARY: CHEMICAL THERAPY 
FOR CP

In the management of  pain control of  CP, elimination of  
pancreatic stones and prevention of  the progression of  
inflammation are two key components. ESWL, endoscopic 
therapy, and surgical drainage are the most common 
strategies for stone removal from large pancreatic ducts. 
Surgical pancreatectomy is effective in patients with poorly 
controlled pain or patients with suspicion of  pancreatic 
cancer. However, these treatment modalities may fail for 
various reasons and cannot prevent the recurrence of  
stones. Will chemical therapy be a better alternative for 
CP therapy?

The studies described above provide an opportunity for 
the consideration of  new chemical therapies for CP. Weak 
acids, such as DMO and citrate, provide new treatment 
approaches for the removal of  pancreatic stones—not only 
from large pancreatic ducts, but also from small-branch 

pancreatic ducts. Pancreatic ductal infusion of  AcA is a 
potential alternative of  chemical pancreatectomy to surgical 
pancreatectomy. Liddle[25] imagined a picture that one day 
in the future, patients with CP would recover by “injecting 
AcA into the pancreatic duct”. While we further hope that 
both pancreatic duct stones and chronic inflammation of  
the pancreatic parenchyma could be cured by chemical 
therapies, many more studies on chemical therapy for CP 
are warranted to realize this vision.

Source of Funding 

Support for this study came from the National Natural 
Science Foundation of  China (No. 81770636 to Liao Z, 
No. 82070661 to Zou W) and the Scientific Innovation 
Program of  Shanghai Municipal Education Committee 
(201901070007E00052).

Conflict of Interest 

The authors declare no conflicts exist.

REFERENCES

1. 	 Singh VK, Yadav D, Garg PK. Diagnosis and Management of Chronic 
Pancreatitis: A Review. JAMA 2019;322:2422–34.

2. 	 Brock C, Nielsen LM, Lelic D, Drewes AM. Pathophysiology of chronic 
pancreatitis. World J Gastroenterol 2013;19:7231–40.

3. 	 Fasanella KE, Davis B, Lyons J, Chen Z, Lee KK, Slivka A, et al. Pain in 
chronic pancreatitis and pancreatic cancer. Gastroenterol Clin North 
Am 2007;36:335–64.

4. 	 Machicado JD, Amann ST, Anderson MA, Abberbock J, Sherman S, 
Conwell DL, et al. Quality of Life in Chronic Pancreatitis is Determined 
by Constant Pain, Disability/Unemployment, Current Smoking, and 
Associated Co-Morbidities. Am J Gastroenterol 2017;112:633–42.

5. 	 White TT, Bourde J. A new observation on human intraductal pancreatic 
pressure. Surg Gynecol Obstet 1970;130:275–8.

6. 	 Drewes AM, Krarup AL, Detlefsen S, Malmstrøm ML, Dimcevski G, 
Funch-Jensen P. Pain in chronic pancreatitis: the role of neuropathic 
pain mechanisms. Gut 2008;57:1616–27.

7. 	 Hart PA, Conwell DL. Chronic Pancreatitis: Managing a Difficult Disease. 
Am J Gastroenterol 2020;115:49–55.

8. 	 Olesen SS, Bouwense SA, Wilder-Smith OH, van Goor H, Drewes 
AM. Pregabalin reduces pain in patients with chronic pancreatitis in a 
randomized, controlled trial. Gastroenterology 2011;141:536–43.

9. 	 Dumonceau JM, Delhaye M, Tringali A, Dominguez-Munoz JE, Poley 
JW, Arvanitaki M, et al. Endoscopic treatment of chronic pancreatitis: 
European Society of Gastrointestinal Endoscopy (ESGE) clinical 
guideline. Endoscopy 2012;44:784–800.

10. 	 Zou WB, Ru N, Wu H, Hu LH, Ren X, Jin G, et al. Chronic Pancreatitis 
Group of Chinese Medical Doctor Association. Guidelines for the 
diagnosis and treatment of chronic pancreatitis in China (2018 edition). 
Hepatobiliary Pancreat Dis Int 2019;18:103–9. 

11. 	 Tandan M, Talukdar R, Reddy DN. Management of Pancreatic Calculi: 
An Update. Gut Liver. 2016;10:873–80.

12. 	 Yin Z, Sun J, Yin D, Wang J. Surgical treatment strategies in chronic 
pancreatitis: a meta-analysis. Arch Surg 2012;147:961–8.

13. 	 Bellin MD, Freeman ML, Gelrud A, Slivka A, Clavel A, Humar A, 
et al. Total pancreatectomy and islet autotransplantation in chronic 
pancreatitis: Recommendations from PancreasFest. Pancreatology 



Jiang et al.: Chemical therapy for chronic pancreatitis

307JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / OCT-DEC 2022 / VOL 10 / ISSUE 4

2014;14:27–35.
14.	 Saleh M, Sharma K, Kalsi R, Fusco J, Sehrawat A, Saloman JL, et al. 

Chemical pancreatectomy treats chronic pancreatitis while preserving 
endocrine function in preclinical models. J Clin Invest 2021;131:e43301.

15.	 Liapi E, Geschwind JF. Transcatheter and ablative therapeutic approaches 
for solid malignancies. J Clin Oncol 2007;25:978–86.

16.	 Clark TW, Soulen MC. Chemical ablation of hepatocellular carcinoma. 
J Vasc Interv Radiol 2002;13:S245–52.

17.	 Rösch T, Daniel S, Scholz M, Huibregtse K, Smits M, Schneider T, et al. 
Endoscopic treatment of chronic pancreatitis: a multicenter study of 
1000 patients with long term follow-up. Endoscopy 2002;34:765–71.

18.	 Pitchumoni CS, Viswanathan KV, Gee Varghese PJ, Banks PA. 
Ultrastructure and elemental composition of human pancreatic calculi. 
Pancreas 1987;2:152–8.

19.	 Lohse J, Vérnie HJ, Sarles H. Studies on pancreatic stones. I. In vitro 
dissolution. Digestion 1981;21:125–32. 

20.	 Lohse J, Vérine HJ, Charbit JJ, Sarles H. Studies on pancreatic stones. II. 
Citrate secretion in the canine pancreatic juice. Digestion 1981;21:198–
204.

21.	 Güitrón A, González-Loya H, Barinagarrementería R, Sarol JC, Adalid 

R, Rodríguez-Delgado J. Dissolution of pancreatic lithiasis by direct 
citrate application into the pancreatic duct in two patients with chronic 
idiopathic pancreatitis. Dig Dis 1997;15:120–3.

22.	 Sarles H, Sahel J, Laugier R.Treatment of chronic calcifying pancreatitis 
by oral long-term administration of citrate. Preliminary results (author’s 
transl). Gastroenterol Clin Biol 1979;3:615–9.

23.	 Noda A, Okuyama M, Murayama H, Takeuchi K, Yokota T, Kobayashi T, 
et al. Dissolution of pancreatic stones by oral trimethadione in patients 
with chronic calcific pancreatitis. J Gastroenterol Hepatol 1994;9:478–85.

24.	 Hamano K, Noda A, Ibuki E, Ashizawa N, Inamoto S, Izumi J, et al. Oral 
Litholysis in Patients with Chronic Calcific Pancreatitis Unresponsive to 
or Ineligible for Extracorporeal Shock Wave Lithotripsy and Endoscopic 
Therapy. Digestion 2019;100:55–63. 

25.	 Liddle RA. Chemical pancreatectomy: an unconventional approach to 
preventing autodigestion in pancreatitis. J Clin Invest 2021;131: e146210. 

How to cite this article: Jiang X, Zou W, Liao Z. Chemical therapy for 
chronic pancreatitis: An assumption or an alternative? J Transl Intern 
Med 2022; 10: 304-307.


