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INTRODUCTION
Pancreatic Cancer (PC) is diagnosed at an advanced stage more 
frequently in comparison to other cancers, and the 5-year survival 
rate is the lowest among all types of cancer (Ilic M and Ilic I, 2016). 
In recent years, however, the prognosis of chemotherapy for PC 
has improved with the introduction of new drugs (Conroy T, et 
al., 2011; von Hoff DD, et al., 2013), and the long-term mainten-
ance of the nutritional status and quality of life is more important 
than ever in the management of advanced PC. PC that obstructs 
the main pancreatic duct is also known to cause exocrine pan-
creatic insufficiency (EPI), especially when the tumor is located 
at the pancreatic head (Sikkens EC, et al., 2014). Since an elemen-
tal diet (ED) contains little fat (0.17 g/100 kcal) and the nitrogen 
source is decomposed into amino acids, PC patients lacking pro-
teolytic enzymes can easily absorb nutrients. Therefore, the intro-
duction of ED therapy is considered to contribute to the main-
tenance of the nutritional status and quality of life in PC patients 
and to be useful for continuing chemotherapy. The addition of an 
ED reduced postoperative weight loss in gastric cancer patients 
undergoing gastrectomy (Kimura Y, et al., 2019). However, there 
is little evidence on the effects of chemotherapy with an ED in 
PC (Yamazaki S, et al., 2016). Therefore, we conducted this pro-

spective cohort study to evaluate the role of ED therapy in patients 
with unresectable PC who were receiving systemic chemotherapy.

MATERIALS AND METHODS
Patients
This was a prospective consecutive observational study of ED 
in patients with unrespectable PC with a historical cohort at 
the Okayama University Hospital and the Japanese Red Cross 
Okayama Hospital. The study was approved by the local ethical 
committee at each hospital and written informed consent was ob-
tained from all of the patients in the prospective cohort. The study 
was registered in the UMIN Clinical Trials Registry (UMIN-CTR: 
000025967). 
Consecutive patients receiving systemic chemotherapy for un-
resectable PC were prospectively enrolled between January 2017 
and December 2019 (ED group). The inclusion criteria were 
unresectable PC with pathological confirmation and age ≥ 20 
years. The exclusion criteria were a history of previous therapy 
for PC, including surgical resection, oral intake disability, history 
of inflammatory bowel disease, and ECOG (Eastern Cooperative 
Oncology Group) scale of Performance Status (PS) 3-4. Patients 
discontinuing chemotherapy due to disease progression or PS 
deterioration within 3 months after ED therapy was introduced 
were also excluded from the analysis to evaluate the effects of the 
ED at 3 months. Patients, who received first-line systemic chemo-
therapy for unresectable PC between December 2014 and De-
cember 2016, before ED was introduced at our institution, were 
retrospectively studied as a historical cohort. We applied the same 
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inclusion and exclusion criteria as the prospective cohort, and patients 
whose detailed characteristics or clinical course were not available were 
excluded. None of the patients in either group received pancreatic enzyme 
replacement therapy.
All patients in the ED group received an oral ED (Elental®: EA Pharma Co., 
Tokyo, Japan) in addition to their regular diet. The ED was given at a dose 
of 300-600 mL/day (300-600 kcal/day) from the introduction of systemic 
chemotherapy. The dose of ED was set at the amount they were able to tol-
erate. Before introducing the ED, pharmacists explained the effectiveness 
of the ED and instructed the individual patients on how to take it.

Assessments
The primary endpoint was the evaluation of the impact of ED on the 
serum albumin level at 3 months after the introduction of chemother-
apy. The secondary outcomes were the impact of ED on the prognosis of 
patients with PC. The body mass index (BMI), serum total protein, and 
Prognostic Nutrition Index (PNI) at baseline and at 3 months after the 
introduction of chemotherapy, were evaluated as surrogate markers of 
the nutritional status. The PNI was calculated as 10 × serum albumin (g/
dl)+0.005 × total lymphocyte count (per mm3) (Ikeya T, et al., 2015). In the 
ED group, we also evaluated adherence to the ED. During chemotherapy, 
computed tomographic scans were routinely performed at baseline and 
every 2-3 months.

Statistical analysis
Relevant factors were compared between the ED and historical cohort 
groups. The χ2 test was used for the comparison of categorical variables, 
and the Mann-Whitney U-test was used for the comparison of continuous 
variables. Overall Survival (OS) was calculated by the Kaplan-Meier meth-
od and compared by a log-rank test. P values of <0.05 were considered 

to indicate statistical significance. All statistical analyses were performed 
using the JMP software program (ver. 12.2.0, SAS, Cary, NC, USA).

RESULTS 
Patient characteristics
A total of 50 patients with unresectable PC were enrolled in the prospective 
cohort (ED group) between February 2017 and December 2019 (Figure 1). 
A total of 43 patients who started first-line chemotherapy for unresectable 
PC between December 2014 and December 2016 were eligible for inclu-
sion in the historical cohort. The patient characteristics of the two of the 
two groups are shown in Table 1. In the ED group, clinical stage was worse 
and the serum CA19-9 levels were high. Otherwise, no significant differ-
ences were seen between the two groups, including the nutritional mark-
ers. The average dose of ED in each patient in the three months is shown in 
Figure 2. Thirty patients (60%) in the ED group took >300 kcal/day.

Serial changes of nutritional markers and tumor markers

The serial changes in nutritional markers and tumor markers are summar-
ized in Table 2. The serial change in BMI, serum CEA, and serum CA19-9 
was not statistically significant (P=0.51, 0.79 and 0.59, respectively). In the 
historical cohort, the serum albumin levels tended to show a much great-
er decrease (P=0.15). Furthermore, the serum total protein level and PNI 
were significantly decreased in the historical cohort (P=0.02 and P<0.005, 
respectively). While the serum HbA1c levels decreased in the historical 
cohort, it increased in the ED group, and the difference was statistically 
significant (P=0.02).

Overall survival
The Kaplan-Meier curves for OS are shown in Figure 3. The median OS 
was 341 days (95% confidence interval (CI), 270-500) in the ED group and 
462 days (95% CI, 393-616) in the historical cohort (P=0.24). 

Figure 1: Trial profile

Table 1: Baseline characteristics of the patients

Characteristics ED group  (n=50) Historical cohort (n=43) p-value

Age, years, median (range) 69 (33-84) 68 (48-78) 0.23

Male/female 32/18 27/16 0.99

Body mass index, kg/m2, median 
(range) 

21.4 (16.8-31.2) 21.7 (14-27.5) 0.81

PS (0/1/2) 12/34/4 7/36/0 0.09

Tumor location, head 16 17 0.52

Biliary stent 8 13 0.14

Serial changes of nutritional markers and tumor markers
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Figure 2: Average dose of elemental diet in each patient during the three months 
Note: Where grey colour is the average dose in kcal/day

Duodenal stent 3 5 0.46

Stage

Locally advanced 8 19 <0.01

Metastatic 42 24

Metastatic site

Liver 25 8 <0.01

Lung 15 2 <0.01

Peritoneum 16 6 0.05

Massive ascites 4 1 0.37

CEA, ng/mL, median (range) 4.5(0.8-15000) 3.5(0.25-30.9) 0.2

CA19-9, U/mL, median (range) 709(2-12000) 296(0.6-777) <0.01

Chemotherapy (first-line) - - 0.22

Folfirinox 7 13

Gemcitabine+nab-Paclitaxel 40 29

Gemcitabine 2 1

S-1 1 0

Albumin, g/dL, median (range) 3.9(1.7-4.6) 3.9(3.2-4.4) 0.32

Total Protein, g/dL, median (range) 6.8(5.6-7.8) 6.8(4-8.2) 0.32

Diabetes 20 24 0.13

HbA1c,%, median (range) 6.2(4.2-10.3) 6.7(5.1-12) 0.29

PNI, median (range) 45.1(22.1-56) 46.5(37.5-53.5) 0.24
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Table 2:  Comparison of changes in nutritional markers from baseline to 3 months

Changes ED group (n=50) Historical cohort (n=43) p-value

Changes in albumin, g/dL, median (range) -0.15(-1.4˜+1.3) -0.2(-2.1˜+0.8) 0.15

Changes in total protein, g/dL, median (range) -0.4(-1.7˜+1.1) -0.6(-2.6˜+2.1) 0.02

Changes in body mass index, kg/m2, median (range) -0.5(-6.41˜+4.93) -0.7(-7.5˜+2.1) 0.51

Changes in PNI, median (range) -1.6(-16.4˜+19.1) -5(-27˜+6.5) <0.005

Changes in HbA1c,%, median (range) 0.3(-3.6˜+4.8) 0(-4.3˜+1.1) 0.02

Changes in CEA, ng/mL, median (range) 0.4(-14868˜+233.6) 0.36(-18.2˜+161.8) 0.79

Changes in CA19-9, U/mL, median (range) -18.2(-11574˜+4602) -113.6(-6762˜+66837) 0.59

8.6 ± 0.4

8.6 ± 0.4

8.6 ± 0.4
8.6 ± 0.4

Figure 3: Kaplan-Meier curves for overall survival of the ED group (solid line) and historical cohort 
(broken line). Note: ( )ED group, (

DISCUSSION
Our prospective cohort study of ED therapy in patients with unresectable 
PC suggested that the administration of an ED during systemic chemo-
therapy might improve the nutritional status in comparison to a historical 
cohort that did not receive an ED. The impact of the ED on the prognosis 
was unclear. Although cancer progression and the serum CA19-9 level in 
the ED group were worse in comparison to the historical cohort, the medi-
an survival time did not differ between the two groups. We believe that the 
role of ED in OS should be further investigated.
Patients with PC are known to be prone to EPI especially when the pan-
creatic duct is obstructed by the tumor (Sikkens EC, et al., 2014). Saito et 
al. showed that among patients with PC who underwent an NBT-PABA 
test, the results were lower than the normal threshold in 90% of the pa-
tients (Saito T, et al., 2017; Saito T, et al., 2018). The admission that the 
NBT-PABA (The N-benzoyl-L-tyrosyl-p-aminobenzoic acid) test is not 
an accurate test of the pancreatic exocrine function, the results, and ten-
dency for patients with low NBT-PABA results to show low albumin and 
pre-albumin levels, suggested that EPI is quite prevalent in patients with 

PC, even in patients with PC located in the body or tail of the pancreas. 
The ED used in the present study (Elental®) is low in fat, is a good source of 
nitrogen and amino acids, and rarely requires a fully functional digestive 
system. Thus, we used this ED for patients with PC, without considering 
the cancer location. However, adherence to the ED was often low due to 
the odor and taste. In our study, pharmacists explained the efficacy of the 
ED and advised the patients how to take it individually using a leaflet. 
However, only thirty patients (60%) could take Elental® over 300 kcal/day. 
The present study was not sufficient to evaluate the effectiveness of the ED. 
It is essential to improve the flavor or the approach to counselling.
It has also been reported that Elental® does not seriously affect blood sugar 
control in diabetes patients, suggesting that its interference in periopera-
tive blood sugar control is of minimal concern (Ohkura Y, et al., 2016). 
However, our study revealed that serum HbA1c levels were increased 
in the ED group. We hypothesize that the insulin levels of patients with 
PC decrease in comparison to patients with other cancers because the 
endocrine pancreas cells decline due to obstructive chronic pancreatitis. 
Moreover, 80% of Elental® consists of carbohydrate. Thus, blood sugar is a 

)Historical cohart
.
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concern, and self-injected insulin must be introduced immediately for PC 
patients who receive ED therapy.
The nutritional status can potentially influence the clinical outcomes of 
chemotherapy for PC because serum albumin is a known prognostic fac-
tor for advanced PC (Zhang DX, et al., 2012). Thus, we decided to use the 
serum albumin level as the primary endpoint. According to our analysis, 
the serum albumin levels of patients in the ED group were slightly de-
creased at 3 months, whereas in the historical cohort, the serum albumin 
levels showed a much greater decrease. While there were no significant dif-
ferences, these results suggested that an ED may maintain the nutritional 
status during chemotherapy for PC. In addition, the analysis of the serial 
changes in the serum totals protein level and PNI revealed a significant 
decrease in the historical cohort. Many studies found that the PNI is an 
independent prognostic indicator for various malignant tumors, includ-
ing PC (Hua X, et al., 2019; Komura N, et al., 2019; Li S, et al., 2019). The 
preservation of the PNI may reflect that the ED maintained the nutritional 
status.
The present study was associated with some limitations. First, there was a 
selection bias in our study. To evaluate the impact of ED at 3 months after 
the introduction of chemotherapy, we excluded patients who developed 
early disease progression. Second, there were differences in the back-
ground characteristics. Cancer progression and the serum CA19-9 level 
in the ED group were substantially worse in comparison to the historical 
cohort. We consider that this occurred incidentally and because this was 
not a randomized controlled study. 
Additionally, we evaluated BMI as one of the parameters of the nutritional 
status; however, the precise body composition was not evaluated in this 
study. It is possible that body weight might include the weight of ascites or 
edema; however, few patients in our study population had massive ascites 
(4 in the ED group and 1 in the historical cohort), and would have had little 
effect on our results.

CONCLUSION
In conclusion, we conducted this prospective cohort study to evaluate the 
role of ED therapy in patients with unresectable PC who were receiving 
systemic chemotherapy. This prospective study demonstrated that ED 
tended to improve the nutritional status during chemotherapy for un-
resectable PC. A prospective randomized study should be performed to 
evaluate the efficacy of ED therapy in patients with unresectable PC who 
receive systemic chemotherapy.
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