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Abstract

Background: Acute pancreatitis (AP) carries a significant morbid-
ity and mortality worldwide. AP is a potential complication of he-
matopoietic stem cell transplantation (HSCT) although its incidence 
remains unclear. HSCT recipients are at increased risk of AP due to 
various factors but the effect of AP on mortality and resource utiliza-
tion in the adult population has not been studied. We investigated the 
impact of AP on hospitalization outcomes among patients following 
HSCT.

Methods: We queried the National Inpatient Sample (NIS) database 
using the International Classification of Diseases (ICD)-10 codes. 
All adult patients with a diagnosis or procedure code of HSCT were 
included in the study. Patients were divided into those with a diagno-
sis of AP and those without. Sensitivity analysis was performed for 
patients with a length of stay greater than 28 days. The relationship 
between AP and mortality, length of stay, total hospitalization cost, 
and charges was assessed using univariate analysis followed by mul-
tivariate analysis.

Results: Of the 140,130 adult patients with HSCT, 855 (0.61%) pa-
tients developed AP. There was 1.74 times higher risk of mortality in 
patients with AP as compared to controls (adjusted odds ratio (aOR): 
1.74, P = 0.0055). There was no statistically significant difference 

in the length of stay, hospitalization charge, or cost before sensitiv-
ity analysis. After sensitivity analysis, 13,240 patients were included, 
from which 125 (0.94%) had AP. There was 3.85 times higher risk 
of mortality in patients who developed AP as compared to controls 
(aOR: 3.85, P = 0.003). There was a statistically significant increase 
noted in the length of stay (adj coeff: 20.3 days, P = 0.002), hospital 
charges (+$346,616, P = 0.017), and cost (+$121,932.4, P = 0.001) in 
patients with AP as compared to those who did not develop AP.

Conclusion: Recipients of HSCT who develop AP have shown to 
have higher mortality on sensitivity analysis. This study highlights 
that AP in HSCT patients is associated with worse outcomes and 
higher resource utilization. Physicians should be aware of this asso-
ciation as the presence of pancreatitis portends a poor prognosis.

Keywords: Acute pancreatitis; Hematopoietic stem cell transplanta-
tion; Hospitalization outcomes

Introduction

Hematopoietic stem cell transplantation (HSCT) has been 
widely adopted as a treatment modality for hematological 
malignancies and non-malignant disorders. Acute pancreatitis 
(AP) is a less-known complication of HSCT, with the earliest 
cases dating back to the 1990s [1]. The presentation of AP can 
range from a self-limited course to multi-organ dysfunction.

There are limited data on the incidence and prevalence 
of AP in HSCT recipients. A recent single-center retrospec-
tive analysis on allogeneic HSCTs from 2009 to 2018 found 
the incidence of AP in recipients to be 0.76% [2]. Shore et al 
studied 68 patients with HSCT and found the incidence to be 
4.4% [3]. Another study demonstrated an incidence of 3.5% 
in the pediatric HSCT population [4]. The prevalence rates of 
pancreatitis in the autopsies of HSCT recipients were reported 
to be as high as 27%, with AP-related death reported to be 
10%, representing the widespread pancreatic involvement in 
this population [5].

There has been a substantial increase in the total number 
of adult HSCT recipients over the past few years [6, 7]. Despite 
the rapid availability and application of HSCT for various he-
mato-oncological indications, there is a scarcity of large-scale 
retrospective studies evaluating the incidence and outcomes of 
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AP after HSCT. Our study analyzes the prevalence, clinical 
outcomes, and healthcare utilization in this patient population.

Materials and Methods

The data used in this study were obtained from National In-
patient Sample (NIS) which includes de-identified patient in-
formation. This study was conducted in compliance with the 
ethical standards of the responsible institution on human sub-
jects as well as the Helsinki Declaration. IRB approval was not 
required for this study.

Data were collected from the Healthcare Cost and Utili-
zation Project (HCUP) and Agency for Healthcare Research 
and Quality database, NIS [8]. This publicly available database 
contains unweighted discharge information of 7 million hospi-
talizations annually. However, by applying weights provided 
by HCUP, we can extrapolate the data to provide information 
on all hospitalizations in the United States. Data were collected 
from January 2016 to December 2019. Each record represents 
the hospital discharge encounter with up to 40 diagnostic and 
25 procedure codes, categorized according to the International 
Classification of Diseases (ICD)-10 classification.

Using ICD-10 codes, we included all patients with a prior 
diagnosis or a procedure code for HSCT. The patients were di-
vided into two groups, those diagnosed with AP and those with-
out AP. Patients with missing mortality or patient demographics 
were excluded from the analysis. This can be seen in Figure 1. 
We classified the age into 18 - 44 years, 45 - 64 years, and > 65 
years. We stratified the hospitals based on their teaching status 
into teaching and non-teaching hospitals. Hospitals were also 
stratified based on their location into rural and urban hospitals.

We also collected information on comorbidities using the 
Charlson comorbidity index [9]. In addition, we studied other 
comorbidities commonly associated with HSCT and the devel-
opment of AP. Diseases requiring HSCT included myelodys-
plastic syndrome, lymphoid/myeloid leukemia, Hodgkin and 
non-Hodgkin lymphoma, other solid tumors, aplastic anemia, 
other bone marrow failure syndromes, hemophagocytic lym-
phohistiocytosis (HLH), thalassemia, inborn errors of metabo-
lism, and primary immunodeficiency disorders. Comorbidities 
related to AP included hemolytic uremic syndrome, cholangi-
tis, choledocholithiasis, hypertriglyceridemia, hypercalcemia, 
systemic lupus erythematosus, diabetic ketoacidosis, cystic 
fibrosis, alcohol ingestion, abdominal trauma, and graft-ver-
sus-host disease (GVHD). A similar approach was used by 

Figure 1. Inclusion and exclusion flow diagram.
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Thavamani et al to analyze the effect of AP in patients with 
HSCT in the pediatric population [4].

Outcome measures

Our primary outcome was in-hospital mortality. Secondary 
outcomes included sepsis, shock, ICU admission, respira-
tory failure, length of hospital stay, and total hospitalization 
charges, which were used as surrogates to measure healthcare 
resource use.

Sensitivity analysis was performed by including only 
those patients who had a hospitalization stay for at least 28 
days. The arbitrary cutoff was set to eliminate the influence 
of short-duration hospitalizations, such as elective admissions 
for chemotherapy, procedure-related short stays, or evaluation 
of HSCT-related complications, such as febrile neutropenia or 
mucositis. As per the HCUP data user agreement, any category 
with fewer than 11 patients was not reported. All ICD-10 diag-
nosis and procedure codes are described in the Supplementary 
Material 1 (www.gastrores.org).

Statistical analyses

All the categorical variables are reported as frequencies and 
percentages. Pearson χ2 test was used to compare categori-
cal variables. A multivariable logistic regression model was 
constructed using all the variables with a P-value of < 0.2 in 
univariate analysis, and results are reported as adjusted odds 
ratio (aOR) and 95% confidence interval (CI). Separate multi-
variable linear regression models were constructed for length 
of stay and total hospitalization charges as outcome variables. 
A P-value of < 0.05 was considered significant. All analyses 
were performed using weighted data in STATA 17.0.

Results

Analysis in the total population (n = 140,130 patients)

Patient characteristics

A total of 140,130 patients with a diagnosis of HSCT were 
included in the analysis. Of these, 855 patients (0.61%) de-
veloped pancreatitis. Patients who developed pancreatitis were 
younger, with 42.11% of patients in the 18 - 44 age group com-
pared to 21.57% in patients without AP. There were no gender 
or racial differences between the two groups. Most patients 
(95.91%) who developed pancreatitis were at urban hospitals. 
Out of 855 patients diagnosed with AP, 125 (14.62%) patients 
had gallstone-related AP, 50 (5.85%) had alcohol-related AP 
and the remaining were idiopathic or unknown etiology. Fur-
thermore, 25 (2.92%) patients were diagnosed with necrotiz-
ing pancreatitis, while 830 (97.08%) patients had interstitial 
pancreatitis. A complete list of patient demographics and hos-
pital characteristics is presented in Table 1.

Complications related to HSCT and pancreatitis

The most common indication for HSCT in patients with AP was 
GVHD (21.64%), followed by myeloid leukemia (18.13%) and 
lymphoid leukemia (14.04%). No patients with a diagnosis of 
HLH, hemolytic uremic syndrome, thalassemia and bone mar-
row failure developed AP. Furthermore, there was a statisti-
cally significant higher proportion of patients with cholangitis, 
choledocholithiasis, other biliary conditions and hypertriglyc-
eridemia in patients with AP. There was a greater proportion 
of alcohol use in patients who developed AP. Patients who de-
veloped AP had higher endoscopic retrograde cholangiopan-
creatography (ERCP) rates than those without. There was no 
statistically significant difference in the rates of hypercalcemia 
between the two groups. A complete list of complications re-
lated to HSCT and pancreatitis is presented in Table 2.

Results after sensitivity analysis (n = 13,240 patients)

A total of 13,240 patients with a diagnosis of HSCT were in-
cluded in the analysis. Of these, 125 patients (0.94%) devel-
oped pancreatitis. Seventy patients were in the 18 - 44 years 
age group and 40 patients (32%) were male while the remain-
ing were female. More than 50% of the patients who devel-
oped AP were white. The majority of admissions (> 90%) 
were at urban teaching hospitals. A complete list of patient 
demographics and hospital characteristics is presented in Ta-
ble 3. After sensitivity analysis, the most common indication 
for HSCT in patients with AP was myeloid leukemia (32%), 
followed by GVHD (28%).

Outcomes

Death

Mortality in the total population of patients with HSCT was 
noted to be 3.65%. The incidence of mortality in patients with 
AP was higher than in those without AP (7.01% vs. 3.63%, P = 
0.0179). There was no statistically significant difference in the 
mortality between the two groups (aOR: 1.55, 95% CI: 0.99 - 
3.54, P = 0.055) in the total population. Other factors associated 
with mortality were age, Charlson comorbidity index, HLH, 
GVHD and hypercalcemia. After sensitivity analysis, there was 
a statistically significant difference in mortality between the two 
groups (aOR: 3.85, 95% CI: 1.56 - 9.46, P = 0.003).

Shock

Total incidence of shock was noted to be 5.28%. The incidence 
of shock in patients with AP was higher than in those without 
AP (10.53% vs. 5.25%, P = 0.0019). On multivariate analysis, 
patients with AP had a statistically significant higher risk of 
shock (aOR: 1.74, 95% CI: 1.03 - 2.95, P = 0.038). This rela-
tionship was also significant after sensitivity analysis (aOR: 
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Table 1.  Patient Characteristics and Hospital Demographics of Patients With Hematopoietic Stem Cell Transplantation, Stratified 
by the Presence of Acute Pancreatitis

Without pancreatitis With pancreatitis P-value
Age category < 0.001
  18 - 45 30,045 (21.57) 360 (42.11)
  45 - 65 63,845 (45.84) 330 (38.6)
  > 65 45,385 (32.59) 165 (19.3)
Sex 0.2574
  Male 79,465 (57.06) 450 (52.6)
  Female 59,810 (42.94) 405 (47.4)
Race 0.3758
  White 97,105 (69.72) 540 (63.16)
  African American 17,020 (12.22) 140 (16.37)
  Hispanic 14,695 (10.55) 110 (12.87)
  Asian/Pacific islander 4,405 (3.16) 35 (4.09)
  Native American 475 (0.34) 0 (0)
  Other 5,575 (4.00) 30 (3.51)
Insurance 0.0491
  Medicare 53,505 (38.42) 260 (30.41)
  Medicaid 15,735 (11.3) 180 (21.05)
  Private 64,080 (46.01) 365 (42.69)
  Underinsured 1,485 (1.07) 25 (2.92)
Income 0.2693
  Lowest quartile 28,760 (20.65) 190 (22.22)
  Second quartile 32,890 (23.62) 235 (27.49)
  Third quartile 37,755 (27.11) 175 (20.47)
  Highest quartile 39,870 (28.63) 255 (29.82)
Region 0.4801
  Northeast 29,355 (21.08) 220 (25.73)
  Midwest 34,535 (24.8) 185 (21.64)
  South 46,580 (33.44) 285 (33.33)
  West 28,805 (20.68) 165 (19.3)
Hospital location 0.0575
  Rural 2,960 (2.13) 35 (4.09)
  Urban 136,315 (97.85) 820 (95.91)
Hospital teaching status < 0.001
  Non-teaching hospitals 14,070 (10.1) 170 (19.88)
  Teaching hospitals 125,205 (89.9) 685 (80.12)
Hospital bed size 0.007
  Small 18,035 (12.95) 120 (14.04)
  Medium 24,680 (17.72) 230 (26.9)
  Large 96,560 (69.33) 505 (59.06)
Charlson comorbidities 0.0001
  0 12,480 (8.96) 135 (15.79)
  1 7,470 (5.36) 85 (9.94)
  2 56,840 (40.81) 255 (29.82)
  > 3 62485 (44.86) 380 (44.44)
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2.55, 95% CI: 1.05 - 6.19, P = 0.038).

Sepsis

Total incidence of sepsis was noted to be 17.12%. The in-
cidence of shock in patients with AP was similar to patients 
without AP (17.11% vs. 18.71%, P = 0.59). On multivariate 
analysis, AP was not associated with sepsis (aOR: 0.93, 95% 
CI: 0.62 - 1.39, P = 0.723). The relationship continued to be 
statistically non-significant on sensitivity analysis (aOR: 1.51, 
95% CI: 0.66 - 3.44, P = 0.329).

Respiratory failure

Total incidence of respiratory failure was 12.11%. There was 

no significant difference in the incidence of respiratory fail-
ure between the two groups (12.1% vs. 15.8%, P = 0.15). On 
multivariate analysis, AP was not an independent predictor of 
respiratory failure (aOR: 1.4, 95% CI: 0.88 - 2.33, P = 0.144). 
The relationship continued to be statistically non-significant on 
sensitivity analysis (aOR: 1.89, 95% CI: 0.78 - 4.58, P = 0.161).

ICU admission

Total ICU admissions in the study population were 6.63%. 
There was no difference in the incidence of ICU admissions 
between the two groups (9.94% vs. 6.61%, P = 0.08). On mul-
tivariate analysis, AP was not an independent predictor of ICU 
admissions (aOR: 1.36, 95% CI: 0.79 - 2.34, P = 0.265). There 
was no statistically significant relationship between AP and 
ICU admission on sensitivity analysis (aOR: 2.01, 95% CI: 

Table 2.  Complications Related to HSCT and Acute Pancreatitis in HSCT Patients, Stratified by the Presence of AP

Without pancreatitis With pancreatitis P-value
Etiologies/complications related to HSCT
  Myelodysplastic syndrome 9,375 (6.73) 50 (5.85) 0.641
  Lymphoid leukemia 11,595 (8.33) 120 (14.04) 0.009
  Myeloid leukemia 26,095 (18.74) 155 (18.13) 0.842
  Hodgkin’s lymphoma 4,430 (3.18) 20 (2.34) 0.532
  Non-Hodgkin’s lymphoma 3,505 (2.52) 15 (1.75) 0.526
  Bone marrow failure 30 (0.02) 0 (0) 0.846
  HLH 290 (0.21) 0 (0) 0.569
  Thalassemia 290 (0.21) 0 (0) 0.57
  Sickle cell 1,590 (1.14) 25 (2.92) 0.061
  Metabolism error 210 (0.15) 0 (0) 0.639
  Primary immunodeficiency 5,710 (4.1) 35 (4.09) 0.997
  Graft-versus-host disease 19,390 (13.92) 185 (21.64) 0.005
  Hemolytic uremic syndrome 130 (0.09) 0 (0) 0.726
Conditions related to acute pancreatitis
  Cholangitis 660 (0.47) 55 (6.43) < 0.001
  Choledocholithiasis 1,680 (1.21) 135 (15.79) < 0.001
  Other biliary disorders 1,680 (1.21) 55 (6.43) < 0.001
  Hypertriglyceridemia 1,025 (0.74) 90 (10.53) < 0.001
  Hypercalcemia 2,025 (1.45) 25 (2.92) 0.112
  Systemic lupus erythematosus 455 (0.33) a 0.057
  Diabetic ketoacidosis 255 (0.18) 25 (2.92) < 0.001
  Cystic fibrosis 50 (0.04) 0 (0) 0.843
  Alcohol use 1,805 (1.3) 50 (5.85) < 0.001
  Abdominal trauma 225 (0.16) 0 (0) 0.607
  Anomalies of the pancreas 0 (0) 20 (2.34) < 0.001
  Percutaneous biliary procedures 25 (0.02) 0 (0) 0.881
  ERCP 285 (0.2) 60 (7.02) < 0.001

aValues less than 11, not to be reported as per HCUP data user agreement (DUA). AP: acute pancreatitis; HSCT: hematopoietic stem cell transplanta-
tion; HLH: hemophagocytic lymphohistiocytosis; ERCP: endoscopic retrograde cholangiopancreatography.
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Table 3.  Patient Characteristics and Hospital Demographics of Patients With Hematopoietic Stem Cell Transplantation, Stratified 
by the Presence of Acute Pancreatitis

Without pancreatitis With pancreatitis P-value
Age category 0.0089
  18 - 45 3,795 (28.94) 70 (56.00)
  45 - 65 6,050 (46.13) 35 (28.00)
  > 65 3,270 (24.93) 20 (16.00)
Sex 0.139
  Male 7,330 (55.89) 40 (32)
  Female 5785 (44.11) 85 (68)
Race 0.5248
  White 8,620 (65.73) 65 (52.00)
  African American 1,375 (10.48) 25 (20.00)
  Hispanic 1,660 (12.66) 25 (20.00)
  Asian/Pacific islander 645 (4.77) a

  Native American 40 (0.31) 0 (0)
  Other 795 (6.06) a

Insurance 0.4607
  Medicare 3,450 (26.31) 30 (24.00)
  Medicaid 1,810 (13.80) 40 (32.00)
  Private 7,215 (55.01) 50 (40.00)
  Underinsured 95 (0.72) 0 (0)
Income 0.603
  Lowest quartile 2,675 (20.40) 30 (24.00)
  Second quartile 2,875 (21.92) 30 (24.00)
  Third quartile 3,590 (27.37) 20 (16.00)
  Highest quartile 3,975 (30.31) 45 (36.00)
Region 0.0765
  Northeast 3,125 (23.83) 55 (44.00)
  Midwest 2,800 (21.35) 20 (16.00)
  South 3,930 (29.97) 20 (16.00)
  West 3,260 (24.86) 30 (24.00)
Hospital location 0.6051
  Rural a 0 (0)
  Urban 13,105 (99.92) 125 (100.00)
Hospital teaching status 0.0003
  Non-teaching hospitals 255 (1.94) a

  Teaching hospitals 12,860 (98.06) 120 (96.00)
Hospital bed size 0.1696
  Small 1,380 (10.52) a

  Medium 2,105 (16.05) 30 (24.00)
  Large 9,630 (73.43) 90 (72.00)
Charlson comorbidities
  0 1,540 (11.74) a

  1 580 (4.43) a

  2 5,540 (42.24) 50 (40)
  > 3 5,455 (41.59) 60 (48)

aValues less than 11, not to be reported as per HCUP DUA. A complete table of complications related to HSCT and pancreatitis is not presented due 
to number of patients for the majority of the categories being less than 11.
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0.80 - 5.05, P = 0.136). The results of categorical outcomes are 
depicted in Figure 2.

Length of stay

The mean length of stay in patients with AP was 15.24 days 
as compared to 14.17 in patients without AP. On multivariate 
analysis, there was no statistically significant difference be-
tween the two groups (+2.35 days, P = 0.211). On sensitiv-
ity analysis, the mean length of stay in patients with AP was 
64.9 days compared to 43.6 days in patients without AP. After 
adjusting for confounding factors, AP was associated with an 
increased length of stay (+20.3 days, P = 0.002).

Total hospitalization cost

Mean hospitalization cost in patients with AP was $65,233.49 
compared to $56,245.6 in patients without AP. On multivari-
ate analysis, AP was not associated with hospitalization cost 
($10,861.6, P = 0.287). On sensitivity analysis, the mean hos-
pitalization cost was $333,921.1 in patients with AP compared 
to $206,015.9 in patients without AP. After adjusting for con-
founding factors, AP was associated with statistically signifi-
cant increased hospitalization cost ($121,932.4, P = 0.001).

Total hospitalization charges

Mean hospitalization charge in patients with AP was $231,326.8 

compared to $221,415 in patients without AP. On multivariate 
analysis, AP was not associated with hospitalization charges 
($21,817.31, P = 0.56). On sensitivity analysis, the mean hospi-
talization charge was $1,163,798 in patients with AP compared 
to $801,135 in patients without AP. After adjusting for con-
founding factors, AP was associated with statistically significant 
increased hospitalization charges ($346,618, P = 0.017).

Discussion

The success of HSCT has resulted from continued advances 
in the field of oncology. HSCT has become a common treat-
ment for hematological malignancies, solid tumors, and other 
benign diseases such as hematopoietic and inherited metabolic 
disorders. However, complications such as AP can develop af-
ter HSCT. A collection of factors play a role in the development 
of AP in HSCT recipients. The application of myeloablative or 
reduced-intensity chemotherapy regimens and total body irra-
diation prior to HSCT puts patients at risk for the development 
of acinar cell injury, leading to AP [5]. Iron overload from cy-
totoxic chemotherapy and pre-HSCT blood transfusions can 
further damage the pancreas [10]. Immunosuppressive medi-
cations such as thalidomide, calcineurin inhibitors, and ster-
oids are frequently used in HSCT recipients and are common 
causes of AP [11]. Furthermore, the immunocompromised 
state can potentially lead to staggering infections such as cy-
tomegalovirus (CMV) and adenovirus, which are well known 
to cause AP [12, 13]. Presence of GVHD and greater length of 
survival after HSCT are found to be independent risk factors 
for the development of AP [1]. Additionally, the use of radia-

Figure 2. Categorical outcomes in total hospitalized patients with HSCT, stratified by the presence of acute pancreatitis. *Statisti-
cally significant outcomes.
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tion results in increased biliary sludge development along with 
biliary tree abnormalities leading to AP [14, 15].

Previous studies have reported an AP incidence rate of 
0.76% to 4.4% in the HSCT population with a study on the 
autopsies of HSCT patients revealing this number to be high 
as 27% [2, 3, 5]. Our study revealed the incidence of AP in 
patients with HSCT to be 0.61%. After sensitivity analysis, 
the incidence rate was noted to be 0.96%. This is in contrast 
to the incidence of AP in general population, which has been 
estimated to be 4.9 - 35 per 100,000 population [16]. The mor-
tality rate in patients with AP after HSCT was 7.01%, which 
is higher when compared to the general population with AP-
related mortality ranging from 1% to 6% [17]. Furthermore, 
patients in the 18 - 45 age category had the highest rates of 
AP which differs from the general population. This was also 
demonstrated by Wang et al who documented the mortality 
rate to be 7.5% in HSCT patients with AP and higher rates in 
those 30 years old or younger [2]. Although the relationship 
between AP and mortality was statistically insignificant in the 
total population, AP was associated with 3.85 times higher risk 
of mortality after sensitivity analysis. We believe this is due to 
the inclusion of patients admitted electively for chemotherapy 
and procedure-related short stays, which might have affected 
the statistical analysis. The increased mortality can also be at-
tributed to the increased incidence of shock observed in the AP 
population (10.53%) compared to controls (5.25%). Patients 
with pancreatitis are susceptible to hypovolemic shock sec-
ondary to the volume deficit created by fluid losses.

Our study found significant differences in the incidence of 
alcohol use (5.85% vs. 1.3%), hypertriglyceridemia (10.53% 
vs. 0.74%), and diabetic ketoacidosis (DKA) (2.92% vs. 0.18%) 
between AP and the control group. Alcohol intake, hypertri-
glyceridemia, and DKA are well-established risk factors for 
the development of AP and may explain their higher incidence. 
Alcohol use disorder has been found to be an independent risk 
factor for mortality in HSCT patients [18]. Despite adjusting for 
alcohol use disorder, our study revealed higher mortality in the 
AP group. Additionally, HSCT patients develop hypertriglyc-
eridemia more frequently than the general population which is 
a common etiology of AP [19]. Patients are at a higher risk of 
gallstone formation due to increased biliary sludge formation 
after HSCT [14, 15]. Pre-existing gallstones are also recognized 
as an independent risk factor for the occurrence of post-HSCT 
AP [2]. In our retrospective analysis, patients with AP had a sig-
nificantly greater incidence of biliary pathologies such as chol-
angitis (6.43%) and choledocholithiasis (15.79%) compared to 
controls (0.47% and 1.21%, respectively). Acknowledging the 
higher rates of pre-existing gallstones in patients with AP can 
result in the consideration of performing elective cholecystec-
tomies in HSCT patients. This can lead to decreased healthcare 
utilization and improvement in mortality.

The most common indication for HSCT in the total popu-
lation was GVHD, followed by myeloid leukemia. Wang et al 
reported GVHD of grades 2-4, in addition to younger age and 
history of donor lymphocyte infusion (DLI) to be independent 
risk factors for post-HSCT AP [2]. However, it is difficult to 
discern whether AP occurs due to the treatment administered 
for GVHD which includes steroids and immunosuppressants, 
or due to GVHD itself. This led to the generation of a risk 

score model classifying HSCT recipients into low, medium, 
and high-risk groups to forecast AP occurrence [2]. The classi-
fication allows the physicians to be wary of the high-risk group 
and assemble pre-emptive strategies to prevent AP develop-
ment. Nevertheless, there is a scarcity of effective strategies to 
prevent, detect and treat this complication.

After sensitivity analysis, the results of our study clearly 
demonstrated a greater length of stay in the AP group by more 
than 20 days in comparison to the non-AP group. Longer hos-
pital stays in HSCT recipients admitted for AP can complicate 
clinical outcomes due to the interruption of chemotherapy. The 
increased length of stay and mortality rates also contributed to 
higher hospital charges and cost in the AP group by $346,618 
and $121,932, respectively.

We acknowledge the following limitations of this study. 
First, NIS lacks objective data limiting our ability to calcu-
late common risk stratification scores such as APACHE-II 
or BISAP. Secondly, NIS does not provide patient identifiers 
therefore we are unable to track readmissions. As a result, it is 
difficult to ascertain if pancreatitis episodes were primary or 
recurrent. In addition, data from NIS only include acute hos-
pitalization episodes therefore, the patients cannot be followed 
longitudinally. We were not able to exclude patients admitted 
electively or for procedures in the total population analysis 
and used sensitivity analysis to overcome this limitation. The 
results of our study rely on accurate coding and proper docu-
mentation which can be inconsistent at times. Coding for AP, 
HSCT, comorbidities and pertinent procedures was performed 
using distinct ICD-10 codes to reduce coding errors and to 
improve the reproducibility of the study. Furthermore, these 
codes have been validated by a prior study [4]. There is also a 
possibility that patients with mild pancreatitis were discharged 
early during the hospitalization and were not included in the 
sensitivity analysis. The study’s strength comes from the large 
population size and exclusion of sample bias from data col-
lected from a single region or hospital. Our findings should be 
validated in a prospective cohort that captures more granular 
clinical data including information on time to pancreatitis from 
stem cell transplant and long-term mortality.

Despite these limitations, our study expands on the knowl-
edge of AP as a complication post-HSCT. Our principle finding 
provides insight that AP development after HSCT is associated 
with significantly higher mortality. Patients who develop AP 
fare worse and have a higher healthcare burden. Gastroenter-
ologists and hematologists should be aware of the association 
of AP in HSCT recipients. Developing predictive risk models 
can aid in improving clinical outcomes and reduce the health-
care burden of AP after HSCT.

Supplementary Material

Suppl 1. All ICD-10 Diagnosis and Procedure Codes.
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