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Abstract: Background: Many studies have confirmed that diabetes was associated with prognosis
in many malignant cancer types. However, the impact of diabetes on ampullary carcinoma (AC)
has not been investigated. Methods: A total of 266 AC patients in the National Cancer Center of
China between January 1998 and December 2020 were retrospectively reviewed. The postoperative
complication rate, postoperative recurrence rate, and long-term survival were compared between the
diabetes group and the no diabetes group. Results: A total of 32 AC patients (12.03%) were diagnosed
with diabetes before surgery. In total, 111 patients (41.73%) had one or more postoperative complica-
tions, and there was no perioperative death. There was no statistically significant difference regarding
postoperative complications between the diabetes group and the no diabetes group. Altogether,
120 patients (45.11%) experienced postoperative recurrence. Multivariate analysis revealed that dia-
betes was an independent risk factor for the recurrence (OR: 2.384, 95% CI: 1.065-5.336, p = 0.035),
OS (HR: 1.597, 95% CI: 1.005-2.537, p = 0.047), and RFS (HR: 1.768, 95% CI: 1.068-2.925, p = 0.027) in
AC patients after curative pancreatoduodenectomy. Conclusions: Diabetes may adversely affect the
recurrence of patients with AC after curative pancreaticoduodenectomy, leading to an increased risk
of poor prognosis in early-stage patients. Further studies involving a large sample size are needed to
validate our results.
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1. Background

Ampullary carcinoma (AC) is a rare malignant tumor with an incidence of 3.8 cases/
1,000,000 in men and 2.7/1,000,000 in women, accounting for approximately 0.2% of tumors
in the gastrointestinal tract [1,2]. In most cases of AC, patients were diagnosed at an early
stage due to the early symptoms [3]. To date, surgical resection remains the potential
curative strategy in AC patients [4]. Generally, the prognosis of AC is poor, with a 5-year
survival rate of less than 45% in the resected patients [5].

Tumor growth, invasion, and metastasis are all closely related to metabolism [6]. Di-
abetes is a chronic systemic metabolic disease that affects the major metabolic pathway
throughout the body. Several studies have demonstrated that diabetes was strongly associ-
ated with tumor progression and survival in various cancer types, including breast cancer [7],
pancreatic cancer [8], gallbladder cancer [9], epithelial ovarian cancer [10], esophageal can-
cer [11,12], colorectal cancer [13,14], and lung cancer [15,16]. However, to the best of our
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knowledge, no study has investigated the relationship between diabetes and AC. There-
fore, the current study aimed to detect the impact of diabetes on short-term and long-term
outcomes of ampullary adenocarcinoma patients after curative pancreatoduodenectomy.

2. Methods
2.1. Patients and Study Design

The study included pathologically confirmed AC patients who underwent curative
surgical resection at the National Cancer Center of China between January 1998 and
December 2020. The clinicopathologic characteristics were retrospectively reviewed, and
the diagnosis of diabetes was based on the medical history. The excluding criteria were
listed as follows: (i) patients with other tumor histories; (ii) patients with positive surgical
margins; (iii) lymph node resection was not performed or the lymph node resection data
were missed; (iv) patients whose critical clinical information was not recorded or missed.
Patients were included in the diabetes group only if they had a clear diagnosis of diabetes
according to World Health Organization or American Diabetes Association criteria.

All the patients in the current study underwent standard Whipple procedures via la-
parotomy, and there were no patients who received an operation type of pylorus-preserving
pancreaticoduodenectomy. The extended lymphadenectomy was conducted as standard
procedure. Finally, a total of 266 patients were enrolled in the study. The requirement
of informed consent was waived because this study is an observational, retrospective
cohort study.

2.2. Covariates and Outcomes

The major covariates in the current study included three parts: (a) basic clinical
characteristics, such as sex, age, and preoperative jaundice; (b) pathologic characteristics,
such as tumor size, differentiation, tumor stage, and blood vessel invasion; (c) treatment
information, such as intraoperative transfusion, lymph nodes resection, and adjuvant
treatment. The diagnosis of the postoperative gastroenteric anastomotic fistula was made
according to the upper digestive tract iodine and various clinical manifestations such as
fever, abdominal pain, and peritonitis. The postoperative pancreatic fistula was diagnosed
in accordance with the guidelines of the International Study Group of Pancreatic Fistula.
The postoperative biliary fistula was defined as the detection of bile components from
peritoneal drainage.

Postoperative follow-up data were collected through telephone reviews, outpatient
follow-up, and the death registry system. All the patients were followed up until December
2020, and the median follow-up time was 34 months (ranges: 1~240 months).

The short-term outcomes include surgical time, perioperative blood transfusion, and
major postoperative complications. The long-term outcomes include postoperative recur-
rence status, recurrence-free survival time (RFS), and overall survival time (OS). Recurrence
and metastasis were confirmed through postoperative imaging examination, including
contrast-enhanced computer tomography CT scan, magnetic resonance imaging (MRI), and
positron emission tomography CT (PET-CT). According to the recurrence sites, the initial
recurrence was divided into locoregional recurrence and systemic recurrence. The RFS was
defined as the time from the surgery to the recurrence. The OS was defined as the time
from surgery to death for any reason.

2.3. Statistical Analysis

All the data analysis was performed with IBM SPSS Statistics for Windows, Version
22.0 (IBM Corporation, Armonk, NY, USA). In order to explore differences in categorical
baseline characteristics between the diabetes group and the no diabetes group, the chi-
squared test or Fisher’s exact test was used. Univariate and multivariate Cox proportional
hazard regression analyses were conducted to determine the prognostic factors. In addition,
univariate and multivariate logistic multiple linear regression models were implemented to
evaluate the impact of diabetes on the classification outcomes. The Kaplan-Meier survival
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curves were depicted using the log-rank test (GraphPad Prism 8.0.2). A difference with
p < 0.05 is considered statistically significant.

3. Results
3.1. Patients Characteristics

A total of 266 AC patients were finally enrolled in the study. The baseline char-
acteristics of patients are summarized in Table 1. The median age of the cohort was
58 (interquartile range: 50-64) years. The male-female ratio in the current study was 1.2.
Diabetes was diagnosed in 32 AC patients (12.03%) before hospitalization, and all of them
had type-2 diabetes. Obstructive jaundice was the predominant clinical manifestation
(198 patients, 74.44%). In our cohort, most of the patients (176 patients, 66.17%) were con-
firmed with negative lymph node metastasis. A total of 93 patients (34.96%) received post-
operative chemotherapy or chemoradiotherapy. The main chemotherapy regimens were
SOX (S-1 and oxaliplatin), XELOX (capecitabine and oxaliplatin), FOLFOX (5-fluorouracil
and oxaliplatin), and GEMOX (gemcitabine and oxaliplatin). The diabetes group had
no significant difference in basic clinicopathologic characteristics compared with the no
diabetes group, except for the TNM stage (p = 0.05).

Table 1. The baseline clinicopathologic characteristics of the diabetes group and the no
diabetes group.
Total Diabetes No Diabetes
Characteristic p-Value
n = 266 (100.00%) n =32 (100.00%) n = 234 (100.00%)

Sex 0.44
Male 145 54.51% 20 62.50% 125 53.42%
Female 121 45.49% 12 37.50% 109 46.58%

Age 0.08
<50 70 26.32% 4 12.50% 66 28.21%
>50 196 73.68% 28 87.50% 168 71.79%

Jaundice 0.15
No 68 25.56% 12 37.50% 56 23.93%
Yes 198 74.44% 20 62.50% 178 76.07%

Intraoperative transfusion 0.87
No 124 46.62% 14 43.75% 110 47.01%
Yes 142 53.38% 18 56.25% 124 52.99%

Tumor size 0.34
<2 cm 125 46.99% 12 37.50% 113 48.29%
>2 cm 141 53.01% 20 62.50% 121 51.71%

Differentiation 0.37
Poor 104 39.10% 16 50.00% 88 37.61%
Moderate 112 42.11% 13 40.63% 99 42.31%
Well 49 18.42% 3 9.38% 46 19.66%

Regional nodes examined 1.00
<11 131 49.25% 16 50.00% 115 49.15%
>12 135 50.75% 16 50.00% 119 50.85%

T stage 0.19
T1 29 10.90% 2 6.25% 27 11.54%
T2 104 39.10% 9 28.13% 95 40.60%
T3 133 50.00% 21 65.63% 112 47.86%

Lymph node metastasis 0.29
No 176 66.17% 18 56.25% 158 67.52%
Yes 90 33.83% 14 43.75% 76 32.48%
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Table 1. Cont.

.. Total Diabetes No Diabetes
Characteristic p-Value
n =266 (100.00%) n =32 (100.00%) n = 234 (100.00%)
TNM stage 0.05
I 112 42.11% 10 31.25% 102 43.59%
1II 96 36.09% 9 28.13% 87 37.18%
11 58 21.80% 13 40.63% 45 19.23%
Blood vessel invasion 0.34
No 197 74.06% 21 65.63% 176 75.21%
Yes 69 25.94% 11 34.38% 58 24.79%
Adjuvant treatment 091
No 134 50.38% 15 46.88% 119 50.85%
Yes 93 34.96% 12 37.50% 81 34.62%
Unknown 39 14.66% 5 15.63% 34 14.53%
3.2. Short-Term Safety Outcomes
In total, 111 patients (41.73%) had one or more postoperative complications, and
there was no perioperative death. The major postoperative complications were fistula
(41 patients, 15.41%), infection (40 patients, 15.04%), gastroparesis (29 patients, 10.90%), and
postoperative bleeding (24 patients, 9.02%). However, there was no statistically significant
difference between the diabetes group and the no diabetes group regarding perioperative
blood transfusion, operation time, and postoperative complications. (Table 2).
Table 2. Short-term outcomes of ampullary adenocarcinoma patients between the diabetes group
and the no diabetes group.
Safety Total Diabetes No Diabetes p-Value
n =266 (100.00%) n = 32 (100.00%) n =234 (100.00%)
Surgical time 0.07
<6h 183 68.80% 17 53.13% 166 70.94%
>6h 83 31.20% 15 46.88% 68 29.06%
Blood transfusion 0.87
No 124 46.62% 14 43.75% 110 47.01%
Yes 142 53.38% 18 56.25% 124 52.99%
Postoperative complications 0.74
No 155 58.27% 20 62.50% 135 57.69%
Yes 111 41.73% 12 37.50% 99 42.31%
Postoperative bleeding 0.51
No 242 90.98% 28 87.50% 214 91.45%
Yes 24 9.02% 4 12.50% 20 8.55%
Infection 1.00
No 226 84.96% 27 84.38% 199 85.04%
Yes 40 15.04% 5 15.63% 35 14.96%
Gastroparesis 0.55
No 237 89.10% 30 93.75% 207 88.46%
Yes 29 10.90% 2 6.25% 27 11.54%
Fistula 0.41
No 225 84.59% 25 78.13% 200 85.47%
Yes 41 15.41% 7 21.88% 34 14.53%
Gastroenteric anastomotic fistula 3 1.13% 2 6.25% 1 0.43%
Pancreatic fistula 15 5.65% 2 6.25% 13 5.56%
Biliary fistula 23 8.65% 3 9.38% 20 8.55%
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3.3. Long-Term Survival Analysis
3.3.1. Patterns of Treatment Failure

Postoperative recurrence was the main reason for treatment failure in the current
study. Altogether, 120 patients (45.11%) experienced postoperative recurrence. Specifically,
55 patients (20.68%) developed locoregional recurrence, and 71 patients (26.69%) developed
systemic recurrence. (Table 3) The liver (21.43%) was the most common site of systemic
recurrence in AC patients. Multivariate analysis adjusting for lymph node metastasis,
blood vessel invasion, T stage, and TNM stage revealed that patients in the diabetes group
had higher proportions of recurrence compared with the no diabetes group (p = 0.035).
(Table 4).

Table 3. Postoperative recurrence between diabetes group and no diabetes group in ampullary

adenocarcinoma patients.

Total Diabetes No Diabetes
Recurrence p-Value
n =266 (100.00%) n =32 (100.00%) n = 234 (100.00%)
Recurrence 0.02
No 146 54.89% 11 34.38% 135 57.69%
Yes 120 45.11% 21 65.63% 99 42.31%
Locoregional recurrence 1.00
No 211 79.32% 25 78.13% 186 79.49%
Yes 55 20.68% 7 21.88% 48 20.51%
Systemic recurrence <0.01
No 195 73.31% 16 50.00% 179 76.50%
Yes 71 26.69% 16 50.00% 55 23.50%
Liver metastasis 0.03
No 209 78.57% 20 62.50% 189 80.77%
Yes 57 21.43% 12 37.50% 45 19.23%
Lung/Bone/Other metastasis 1.00
No 260 97.74% 32 100.00% 228 97.44%
Yes 6 2.26% 0 0.00% 6 2.56%
Peritoneal seeding 0.11
No 256 96.24% 29 90.63% 227 97.01%
Yes 10 3.76% 3 9.38% 7 2.99%

Table 4. Univariate and multivariate analysis of short-term and long-term outcomes between the
diabetes group and the no diabetes group.

Diabetes No Diabetes
Outcomes p-Value
n =32 (12.03%) n =234 (87.97%)
Median overall survival time, months 28.5 34
5-year survival rates/% 26.00% 47.10%
Follow-up period 1~168 1~240
No. of deaths 24 113
Univariate HR (95% CI) for OS 1.698 [1.091-2.642] 1 (Reference) 0.019
Multivariate HR (95% CI) for OS 1.597 [1.005-2.537] 1 (Reference) 0.047
Univariate HR (95% CI) for RFS 1.897 [1.179-3.052] 1 (Reference) 0.008
Multivariate HR (95% CI) for RFS 1.768 [1.068-2.925] 1 (Reference) 0.027
No. of patients with PC 12 99
Univariate OR (95% CI) for PC 0.818 [0.382-1.752] 1 (Reference) 0.605

Multivariate OR (95% CI) for PC 0.818 [0.382-1.752] 1 (Reference) 0.605
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Diabetes No Diabetes
Outcomes p-Value
n =32 (12.03%) n =234 (87.97%)
No. of patients with recurrence 21 99
Univariate OR (95% CI) for recurrence  2.603 [1.200-5.246] 1 (Reference) 0.015
Multivariate OR (95% CI) for recurrence  2.384 [1.065-5.336] 1 (Reference) 0.035

OS: adjusted jaundice, lymph nodes metastasis, T stage, TNM stage; RFS: adjusted jaundice, tumor size, lymph
nodes metastasis, T stage, TNM stage, blood vessel invasion; recurrence: adjusted lymph nodes metastasis, blood
vessel invasion, T stage, TNM stage.

3.3.2. Survival Analysis

The 1-year, 3-year, and 5-year OS in total patients were 86.7%, 60.6%, and 44.4%,
respectively. The 1-year, 3-year, and 5-year RFS in total patients were 79.8%, 53.8%, and
46.3%, respectively. The Kaplan-Meier survival curve analysis demonstrated a significant
difference in OS and RFS between the diabetes group and the no diabetes group of AC
patients (Figure 1). However, in subgroup analysis according to the tumor stage, only in
stage I the RFS showed a statistically significant difference (p = 0.0478) (Figure 2).

To further investigate the impact of diabetes on survival, we performed univariate
and multivariate survival analyses. After performing multivariate adjustments, we found
that diabetes was an independent risk factor for the OS (HR: 1.597, 95% CI: 1.005-2.537,
p = 0.047) and RFS (HR: 1.768, 95% CI: 1.068-2.925, p = 0.027) in AC patients after curative
pancreatoduodenectomy (Table 4, Tables S1 and S2).
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Figure 1. Comparing the survival curves for OS and RFS between the diabetes group and the no
diabetes group of AC patients.

Stage | Stage 1
== No Diabetes = No Diabetes
—— Diabetes =t Diabetes
Stage 11
100
% = No Diabetes .! l: - No Diabetes
50 == Diabetes T % == Diabetes
T ER
T £
g S0 S0
Tw 0
g 30 30
20 g 20
10 10
:I L) L] Ll Ll L) ‘
0 12 24 36 48 60 72 84 9% 108 120 0 12 24 36 48 60 72 84 96 108 120
Survival months Survival months

Figure 2. Cont.



Curr. Oncol. 2022, 29

6731

Overall survival

P-0.4008

Stage 111

=+~ No Diabetes =4~ No Diabetes

== Diabetes s~ Diabetes

Recurrence free survival

Survival months

0 12 u 36 48 60 2 L¥)
Survival months

Figure 2. Subgroup survival analysis according to the tumor stage.

4. Discussions

The impact of diabetes on the short-term and long-term outcomes of digestive tumors
is still controversial. To the best of our knowledge, no previous study has been reported
about the association between diabetes and outcomes of AC patients who underwent
curative pancreaticoduodenectomy. In the current study, we found that diabetes did not
increase the risk of postoperative complications in AC patients. However, diabetes might
adversely affect the recurrence of patients with AC after curative pancreaticoduodenectomy.

In the present study, we found that diabetes was an independent risk factor for long-
term survival in AC patients. The 3-, 5-year OS and RFS in the diabetes group were 42.1%,
26.0%, 27.8%, and 19.1%, while the 3-, 5-year OS and RFS in the no diabetes group were
63.3%, 47.1%, 57.7%, and 50.6%. In addition, we found that diabetes was an independent
risk factor for recurrence, especially for systemic recurrence. The similar results were
previously reported in the epithelial ovarian cancer [10,17], pancreatic cancer [8,18], breast
cancer [7], gallbladder cancer [9], colorectal cancer [13,19,20], and non-small-cell lung
cancer [15]. However, the exact mechanism of how diabetes affects the prognosis of AC
patients who underwent curative pancreaticoduodenectomy remains unclear.

Previous evidence has demonstrated that diabetic patients have high blood sugar
levels, which might correlate with the malignant bioactivity of the tumor cells through
various signaling pathways. Firstly, hyperglycemia has been shown to inhibit cellular miR-
16 expression, which targets vascular endothelial growth factor (VEGF) signaling, thereby
affecting tumor cell proliferation and invasion [21]. In AC, a study found that VEGF
expression had some collation with tumor micro-vessel density, which might promote
tumor progression and metastasis [22]. Moreover, long-term diabetes may contribute to
insulin resistance, which can promote the expression of growth hormone receptors and
increase the production of insulin-like growth factor 1 (IGF-1) receptors [11]. Although the
IGF-1 signaling pathway in AC is poorly understood, many studies have proved that the
IGF-1 signaling pathway could facilitate cancer cell survival [23].

In addition, previous evidence shows that the hyperglycemic state of diabetes may
reduce the activity of immune cells, which may have a certain impact on the immune killing
of tumor cells [24]. In a German study of 32 patients with esophageal or pancreatic cancer,
the results showed that perioperative hyperglycemia reduced postoperative immune func-
tion in patients by attenuating postoperative T cells and monocyte function [25]. The impact
of these immune function declines may have some impact on the use of postoperative
adjuvant therapy, as well as early recurrence and long-term survival.

Moreover, diabetes may affect the prognosis of AC patients in several other potential
aspects. Firstly, nutrition is an important part of AC patients after pancreaticoduodenec-
tomy, and nutritional support is of great significance to patients’ tolerance of postoperative
adjuvant therapy and long-term survival. However, diabetes may challenge the nutritional
structure and nutritional support of patients [12]. Secondly, AC patients with diabetes
in the current study were more likely to present with a later stage compared with those
without diabetes (p = 0.05). Thirdly, a previous study found that perhaps diabetes compli-
cations were the main reason for the poor prognosis of colorectal cancer patients rather
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than diabetes itself by accurately assessing diabetes complications [20]. The results might
indicate that prognosis of AC patients who have a prolonged diabetes history is more likely
to be affected by diabetes complications.

Notably, although in the overall analysis, our results showed that diabetes was an
independent predictor of RFS in AC patients, in the subgroup analysis, this effect was only
shown in stage I patients. In addition, patients in the diabetes group had higher tumor
stages (40.63% of patients in stage III), which may have contributed to statistical bias. As
mentioned above, the impact of diabetes on the prognosis of ampullary cancer patients
may be a long-term process. However, for patients with ampullary carcinoma invading
surrounding lymph node metastasis, the 5-year survival rate is less than 30% [26]. Thus,
diabetes might only have an adverse effect on the prognosis of early-stage AC.

In the present study, we found that diabetes did not increase the risk of postoperative
complications or surgical difficulty. However, according to a previous retrospective cohort
study, the results demonstrated that diabetes could significantly increase the risk of anasto-
motic leakage in esophageal squamous cell cancer patients undergoing resection (17.1% vs.
4.3%, p < 0.001) [12]. This discrepancy could be due to the following reasons. Firstly,
diabetes has the potential to cause microvascular changes that impair responsiveness to
congestion [27]. The hyperemia and inflammation of the anastomotic stoma after surgery
are important features in promoting tissue healing. Thus, diabetes might affect the ability
of the tissue to heal, thereby increasing the risk of anastomotic leakage. Secondly, in the
current study, the proportion of AC patients with diabetes was relatively low, which might
have introduced bias to the results.

The present study has certain important strengths. Firstly, the current study was
the first study focusing on the influence of diabetes on the short-term safety and long-
term survival of AC patients who underwent pancreaticoduodenectomy. Secondly, the
current study included AC patients with heterogeneous clinicopathologic characteristics
over 20 years and long-term follow-up data. Therefore, the findings in the present study
provided a foundation for future clinical practice and research. However, we must admit
the limitations of the current study. First, this is a retrospective cohort study with a relatively
small sample size, and the proportion of AC patients with diabetes was relatively low.
Especially when subgroup analysis was performed, the small number of cases may reduce
the statistical effect. Second, due to a lack of data, the duration of diabetes and the status of
diabetes control could not be further analyzed. Third, the follow-up time of some patients
was relatively short, which is a limitation when pushing the results into clinical practice.
Fourth, in this retrospective study, patients with diabetes were diagnosed by clinical history.
Blood glucose monitoring and management were carried out before surgery for ampullary
carcinoma. However, we failed to collect enough data on HbAlc, which was extremely
important for the assessment of diabetes.

5. Conclusions

From the short-term results, diabetes does not increase the risk of postoperative com-
plications and surgical difficulty in AC patients who underwent pancreaticoduodenectomy.
While from the long-term results, diabetes might adversely affect the recurrence of patients
with AC after curative pancreaticoduodenectomy, leading to an increased risk of poor
prognosis in early-stage patients. However, further studies involving a large sample size
are needed to validate our results.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/curroncol29100528 /s1, Table S1. The multivariate Cox analysis
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recurrence free survival in ampullary adenocarcinoma patients.
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