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Abstract
BACKGROUND 
The effect of perioperative blood transfusion (PBT) on the prognosis of ampullary 
carcinoma (AC) is still debated.

AIM 
To explore the impact of PBT on short-term safety and long-term survival in AC 
patients who underwent pancreaticoduodenectomy.

METHODS 
A total of 257 patients with AC who underwent pancreaticoduodenectomy 
between 1998 and 2020 in the Cancer Hospital, Chinese Academy of Medical 
Sciences, were retrospectively analyzed. We used Cox proportional hazard 
regression to identify prognostic factors of overall survival (OS) and recurrence-
free survival (RFS) and the Kaplan-Meier method to analyze survival information.

RESULTS 
A total of 144 (56%) of 257 patients received PBT. The PBT group and nonperiop-
erative blood transfusion group showed no significant differences in 
demographics. Patients who received transfusion had a comparable incidence of 
postoperative complications with patients who did not. Univariable and 
multivariable Cox proportional hazard regression analyses indicated that trans-
fusion was not an independent predictor of OS or RFS. We performed Kaplan-
Meier analysis according to subgroups of T stage, and subgroup analysis 
indicated that PBT might be associated with worse OS (P < 0.05) but not RFS in 
AC of stage T1.
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CONCLUSION 
We found that PBT might be associated with decreased OS in early AC, but more validation is needed. The 
reasonable use of transfusion might be helpful to improve OS.
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©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Considering that few researches on ampullary carcinoma (AC) and high proportion of transfusion on patients 
undergoing pancreatic surgery due to the sophisticated surgical procedure, we conducted a retrospective study to elucidate 
the influence of transfusion on short-term safety and long-term survival after curative resection of AC. We found that 
transfusion might be potentially associated with decreased overall survival in early AC patients. The current article might 
provide guidance for the reasonable use of transfusion and possible direction for further mechanism study.
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INTRODUCTION
Ampullary carcinoma (AC) is a rare malignancy originating from the ampulla of Vater. The incidence of ACs has 
increased over the past several decades and accounts for 16% of all periampullary cancers[1,2]. Pancreaticoduodenectomy 
(PD) is currently the primary treatment choice for AC, and the resection rates have been reported to be more than 90% in 
a Japanese report[3]. Although the postoperative mortality of PD has decreased in recent decades[4], the postoperative 
morbidity rate remains high at 30% to 55%[5-7]. Moreover, many patients require perioperative blood transfusion (PBT) 
during PD due to the sophisticated surgical procedure[8,9].

A randomized trial has shown that allogeneic blood transfusions can increase the risk of colorectal cancer recurrence
[10]. However, the safety and prognostic effect of PBT on patients undergoing PD remains controversial. Several studies
[11,12] suggested that PBT was related to increasing rates of postoperative complications, and a previous study[13] 
showed that PBT was an independent risk factor for serious infections following PD. For long-term oncological outcomes, 
PBT in patients was associated with decreased overall survival (OS) after PD in several observational studies[14-17], but 
other studies[18,19] did not show this association in multivariable analysis.

With respect to AC, the subgroup analysis conducted by Park et al[20] showed that PBT was an independent risk factor 
for poor prognosis in AC patients (P = 0.029). However, another retrospective study did not find any adverse effect of 
PBT on survival in AC patients[21]. To clarify the connection between PBT and both long-term survival and short-term 
safety following PD of AC, we performed a retrospective analysis.

MATERIALS AND METHODS
Patients
The medical records of 314 individuals who underwent PD were examined at the China National Cancer Center from 
1998 to 2020. We enrolled patients in this study according to the following criteria: (1) Patients with pathologically 
diagnosed AC; and (2) Patients who accepted curative PD, including open approach, laparoscopic approach, and robotic 
approach. Patients were excluded based on the following criteria: (1) Missing adjuvant chemotherapy data (n = 40); (2) 
Missing differentiation data (n = 6); (3) Missing N stage data (n = 4); and (4) Missing recurrence data (n = 7). A total of 57 
patients were excluded from the analysis, and 257 AC patients were included.

Covariates and outcomes
The collected data included sex, age, operation time, tumor size, PBT, differentiation, American Joint Committee on 
Cancer TNM stage (8th edition), blood vessel invasion, postoperative complications, adjuvant treatment, and outcomes. 
PBT was defined as any red cell concentrate transfusion intraoperatively or within the first 24 h of surgery. Surgeons and 
anesthetists made decisions about transfusions during the perioperative period, and generally, the transfusion criteria in 
our hospital included massive blood loss and hemoglobin level less than 7 g/dL. The short term was defined as the index 
hospitalization, and the long term was defined as discharge during the follow-up period.

Follow-up information was gathered by telephone, medical records, outpatient medical review, and population death 
register information system. If the patient was lost to follow-up, the follow-up time was censored. The last follow-up time 
was September 2021, and the duration of follow-up was 0-240 mo, with a median follow-up time of 63.0 mo. A total of 10 
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patients were lost to follow-up, and the follow-up rate was 96.8%. The main outcomes were OS and recurrence-free 
survival (RFS), and the secondary outcomes were postoperative complications. OS was defined as the time interval from 
diagnosis to death or, for survivors, the time interval from diagnosis to the last follow-up. RFS was defined as the time 
from curative surgery to locoregional or distant recurrence.

Statistical analysis
A chi-square test was used to compare the baseline information between the two groups, and then a comparison of 
postoperative complications was performed. To investigate the independent prognostic factors of OS and RFS, factors 
with P < 0.2 in univariable analysis and transfusion were included in the multivariable analysis, and the hazard ratios 
were provided with 95% confidence intervals (CIs). Next, we conducted subgroup analyses regarding RBC ‘dose’ (0 unit, 
1-4 units, and ≥ 5 units) to research the dose-response analysis and three types of T stage (T1, T2, and T3) to research the 
stage analysis. All data were analyzed with SPSS software (version 21; SPSS Inc., Chicago, IL, United States). Kaplan-
Meier survival analyses were performed using the survival and survminer R packages. A P value < 0.05 was considered 
statistically significant.

RESULTS
Clinical characteristics
A total of 257 AC patients who underwent PD were identified and included. Patients were categorized into two groups 
according to transfusion status: 144 in the PBT group and 113 in the no PBT group. A total of 134 patients (93.1%) 
received 1-4 blood units, and 10 patients (6.9%) received 5 or more blood units (maximum of 20 units). The detailed 
baseline information is shown in Table 1. The two groups (PBT vs no PBT) showed no significant difference in 
demographics or clinicopathological features.

Short-term safety
Patients receiving PBT had a comparable incidence of postoperative total complications (40.3% vs 37.2%, P = 0.699) with 
those who did not receive PBT. Postoperative pancreatic fistula was the most frequent complication of PD, and there was 
also no significant difference (14.2% vs 15.3%, P = 0.802). The incidence of postpancreatectomy hemorrhage (P = 0.960), 
delayed gastric emptying (P = 0.847), and intra-abdominal infection (P = 0.372) showed the same results. The detailed 
data are depicted in Table 2.

Long-term survival
The median OS for the no PBT group and PBT group was 52 (IQR: 20-54.5) months and 64 (IQR: 12-58.5) months, 
respectively. The one-, three-, and five-year OS rates were 90.8%, 62.9%, 41.4% and 88.3%, 65.7%, 46.5%, RFS rates were 
81.0%, 55.4%, 42.0% and 83.1%, 58.1%, 51.4%. According to the Kaplan–Meier survival curves, the no PBT group was not 
significantly associated with better survival outcomes than the PBT group. The Kaplan-Meier survival curve is shown in 
Figure 1.

Survival analysis
After including factors with P < 0.2 in univariable analysis and transfusion, T3 stage (HR: 3.024, 95%CI: 1.245-7.341, P = 
0.014) and N1 stage (HR: 2.072, 95%CI: 1.240-3.465, P = 0.021) were independent risk factors for OS, while blood vessel 
invasion (HR: 1.744, 95%CI: 1.077-2.824, P = 0.024) was an independent risk factor for RFS. Cox proportional hazard 
regression analysis showed that transfusion was not related to increased risks of OS (HR: 0.975, 95%CI: 0.676-1.405, P = 
0.891) or RFS (HR: 0.983, 95%CI: 0.667-1.447, P = 0.929). The detailed data are depicted in Tables 3 and 4.

Subgroup analysis
Dose-response analysis: We divided the transfusion dose into three groups (0 units, 1-4 units, and ≥ 5 units) to conduct 
the dose-response analysis. We found that the number of transfused blood units was not significantly associated with 
survival outcomes (Figure 2). The Kaplan-Meier survival curve is shown in Figure 2.

Stage analysis: Stage analyses were conducted regarding T stages (T1, T2, and T3). The survival outcomes of subgroups 
were also analyzed using the Kaplan-Meier method. Stage analysis revealed that transfusion was associated with worse 
OS (P < 0.05) in AC of stage T1 (Figure 3A), while there was no significant difference in RFS (P = 0.097) (Figure 3B). For 
stages T2 and T3, the two groups showed no significant difference in OS and RFS (Figure 3C-F). The Kaplan–Meier 
survival curve is shown in Figure 3.

DISCUSSION
The adverse effect of PBT on the prognosis of digestive system tumors is still controversial. In this study, there was no 
discernible difference in short-term complications and long-term survival outcomes between PBT and no PBT patients 
with AC who underwent PD, whereas we found that PBT might reduce the OS in early pathologic stage AC patients. Our 
study suggested that more reasonable transfusion may be helpful in improving OS in early AC.
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Table 1 The clinicopathologic characteristics of the ampullary carcinoma patients in the perioperative blood transfusion group and no 
perioperative blood transfusion group

No PBT PBT
Characteristic

n = 113 100% n = 144 100%
P value

Sex 0.527

    Male 62 54.9% 85 59.0%

    Female 51 45.1% 59 41.0%

Age (yr) 0.527

    ≤ 60 60 53.1% 83 57.6%

    > 60 53 46.9% 61 42.4%

Operation time > 0.999

    ≤ 6 h 85 75.2% 109 75.0%

    > 6 h 28 24.8% 35 25.0%

Tumor size (cm) 0.901

    ≤ 2.0 cm 56 49.6% 70 48.6%

    > 2.0 cm 57 50.4% 74 51.4%

Differentiation 0.677

    Well 27 23.9% 34 23.6%

    Moderate 47 47% 67 46.5%

    Poor 39 34.5% 43 29.9%

T stage 0.300

    T1 22 19.5% 18 12.5%

    T2 41 36.3% 59 41.0%

    T3 50 44.2% 67 46.5%

N stage 0.346

    N0 82 72.6% 108 75.0%

    N1 28 24.8% 28 19.4%

    N2 3 2.7% 8 5.6%

Blood vessel invasion 0.200

    No 87 77.0% 121 84.0%

    Yes 26 23.0% 23 16.0%

Postoperative complications 0.699

    No 71 62.8% 86 59.7%

    Yes 42 37.2% 58 40.3%

Adjuvant treatment 0.663

    No 87 77.0% 107 74.3%

    Yes 26 23.0% 37 25.7%

PBT: Perioperative blood transfusion.

In this study, transfusion was not significantly associated with increased risks of OS and RFS. The aforementioned 
study also did not find any adverse effect of PBT on survival in 501 AC patients[21]. Similarly, a recent study indicated 
that transfusion was not a significant adverse prognostic factor in 404 AC patients after PD[18]. However, another 
retrospective study showed that PBT seemed to have an adverse impact on the survival of patients who underwent PD
[20], which included 130 AC patients, 58% of whom underwent intraoperative transfusion. Consensus conclusions have 
also been reached in periampullary cancer in Korea[15]. Such conflicting results might be related to several factors. First, 
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Table 2 The postoperative complications of the ampullary carcinoma patients in the perioperative blood transfusion group and no 
perioperative blood transfusion group

No PBT PBT
Characteristic

n = 113 100% n = 144 100%
P value

Postoperative complications 0.699

    No 71 62.8% 86 59.7%

    Yes 42 37.2% 58 40.3%

Specific complications

    PPH 10 8.8% 13 9.0% 0.960

    POPF 16 14.2% 22 15.3% 0.802

    DGE 11 9.7% 13 9.0% 0.847

    Intra-abdominal infection 15 13.3% 14 9.7% 0.372

PBT: Perioperative blood transfusion; POPF: Postoperative pancreatic fistula; PPH: Postpancreatectomy hemorrhage; DGE: Delayed gastric emptying.

Figure 1 Kaplan-Meier survival curves for ampullary carcinoma patients after curative pancreaticoduodenectomy. A: Overall survival curve; B: 
Recurrence-free survival curve. PBT: Perioperative blood transfusion; OS: Overall survival; RFS: Recurrence-free survival.

early-stage patients accounted for only a small part in our study, while in Park’s study[20], early-stage patients accounted 
for a considerable proportion (40% vs 15%). Although we found that transfusion was correlated with worse prognosis in 
early-stage patients, this was not enough to affect the entire study. Second, decisions on transfusion were mainly made by 
surgeons and anesthetists during the perioperative period, and transfusion criteria usually varied in different medical 
organizations, which might impact the results. Third, the inadequate sample size due to the lower prevalence of AC 
might also be a possible reason. An analysis containing a larger sample size is needed in the future. Fourth, the presence 
of unknown confounding factors might influence our study in some ways.

Subgroup analysis indicated that the impact of PBT on prognosis was more pronounced in patients with lower stages. 
We found that the no PBT group was associated with better OS but not RFS in the T1 stage. Similar results were also 
reported by Cata[22] for 636 non-small cell lung cancer patients. Moreover, Wang and colleagues[23] observed that 
transfused patients had significantly greater rates of disease recurrence in stage I non–small cell lung cancer. Our research 
also showed some discrepancies in RFS with T1 stage patients but did not reach statistical significance. There were two 



Fei H et al. Impact of transfusion

WJGS https://www.wjgnet.com 1368 July 27, 2023 Volume 15 Issue 7

Table 3 Univariable and multivariable Cox regression analyses of overall survival in ampullary carcinoma patients

Univariable analysis Multivariable analysis
Characteristic

HR (95%CI) P value HR (95%CI) P value

Perioperative blood transfusion

    No Reference Reference

    Yes 0.937 (0.626-1.339) 0.723 0.975 (0.676-1.405) 0.891

RBC units

    0 Reference

    1-4 units 0.924 (0.643-1.329) 0.671

    ≥ 5 units 1.139 (0.455-2.851) 0.781

Sex

    Male Reference

    Female 0.868 (0.606-1.244) 0.441

Age (yr)

    ≤ 60 Reference Reference

    > 60 0.535 (0.371-0.774) 0.001 1.541 (0.698-3.400) 0.284

Operation time

    ≤ 6 h Reference

    > 6 h 1.260 (0.840-1.892) 0.264

Tumor size (cm)

    ≤ 2.0 cm Reference Reference

    > 2.0 cm 1.337 (0.939-1.903) 0.107 1.105 (0.756-1.614) 0.608

Differentiation

    Well Reference Reference

    Moderate 0.895 (0.603-1.330) 0.584 0.969 (0.637-1.474) 0.883

    Poor 0.593 (0.360-0.977) 0.040 0.967 (0.529-1.766) 0.913

T stage

    T1 Reference Reference

    T2 1.407 (0.770-2.569) 0.267 1.282 (0.660-2.491) 0.463

    T3 2.796 (1.564-4.997) 0.001 3.024 (1.245-7.341) 0.014

N stage

    N0 Reference Reference

    N1 1.986 (1.336-2.953) 0.001 2.072 (1.240-3.465) 0.021

    N2 2.119 (0.977-4.595) 0.057 1.988 (0.820-4.817) 0.128

Blood vessel invasion

    No Reference Reference

    Yes 1.616 (0.054-2.478) 0.028 1.087 (0.669-1.766) 0.737

Postoperative complications

    No Reference Reference

    Yes 1.358 (0.950-1.943) 0.093 1.345 (0.930-1.946) 0.116

Adjuvant treatment

    No Reference

    Yes 1.056 (0.702-1.588) 0.794
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Figure 2 Kaplan–Meier survival curves according to the red blood cell ‘dose’ (0 unit, 1-4 units, and ≥ 5 units). A: Overall survival curve; B: 
Recurrence-free survival curve. OS: Overall survival; RFS: Recurrence-free survival.

potential reasons to explain the adverse effect of transfusion. First, previous studies suggested that transfusion of 
allogenic blood induced immunosuppression and lowered the activity of natural killer cells and/or helper T cells[10,24,
25]. Goubran et al[26] propounded that transfusion might stimulate tumor growth through an increase in the mitogenic 
activity of platelet-derived growth factors. Therefore, the immunosuppressive effect of transfusion might have an adverse 
impact on patient survival. Another possible reason was that the higher stage AC was more aggressive, which was 
related to shorter survival. On the other hand, AC patients with early-stage disease had better survival outcomes. Thus, 
the adverse prognostic influence of transfusion could be seen[15].

This study indicated that transfusion would not increase the risk of short-term complications after PD. Likewise, 
Sutton et al[17] reported that PBT was not related to an increase in infectious complications. In contrast, several previous 
studies[13,27,28] showed that PBT among patients with PD was associated with increased rates of various postoperative 
complications. Ball et al[27] demonstrated that the overall morbidity rate after PD was 37%, and 30-d morbidity increased 
in a stepwise manner with the number of RBC transfusions. Zhang et al[13] observed that there was a significant 
association between PBT and serious infections after PD. There were several reasons to explain the increase in complic-
ations. First, acute hemorrhage could induce ischemia and hypoxia of tissues, which might even increase pancreatic 
fistula. Transfusions could be essential to avoid inducing short-term postoperative complications by improving oxygen 
supply and minimizing hypoxic damage to organs[28]. Second, anemia with concomitant poor nutritional status might 
also be an adverse factor for postoperative recovery. Third, transfusion-related immunosuppression was thought to be a 
reason for the increasing risk of infections after blood transfusion[29].

To the best of our knowledge, this study analyzed the impact of the largest number of transfusions in AC patients after 
PD, both short-term complications and long-term survival were evaluated simultaneously. Then, we implemented further 
subgroup analysis of the dose-response and T stage. Limitations of this study should be observed. First, this research was 
a single-center retrospective study with potential selection bias and other confounding factors associated with PBT that 
may impact OS and RFS. Second, preoperative hemoglobin level, intraoperative blood loss, and transfusion time (pre, 
intra, and post) were missing, which might have influenced this research. In addition, the granular data of systemic 
chemotherapy were also missing. Third, some subgroups contained a relatively small number of patients, which might 
affect the accuracy of our results. Finally, decisions on transfusion were usually made by surgeons or anesthesiologists 
individually, which may have impacted outcomes. This study nevertheless supports some potential clues for transfusion.

CONCLUSION
According to our study, PBT was not an independent prognostic factor for AC patients after curative PD. PBT might be 
associated with decreased OS in early AC. Avoiding PBT whenever possible might be helpful to improve OS. More 
multicenter and prospective validations are needed.
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Table 4 Univariable and multivariable Cox regression analyses of recurrence-free survival in ampullary carcinoma patients

Univariable analysis Multivariable analysis
Characteristic

HR (95%CI) P value HR (95%CI) P value

Perioperative Blood Transfusion

    No Reference Reference

    Yes 0.886 (0.607-1.293) 0.531 0.983 (0.667-1.447) 0.929

RBC units

    0 Reference

    1-4 units 0.854 (0.579-1.261) 0.428

    ≥ 5 units 1.282 (0.550-2.989) 0.565

Sex

    Male Reference

    Female 0.976 (0.665-1.431) 0.9

Age (yr)

    ≤ 60 Reference Reference

    > 60 0.422 (0.282-0.631) < 0.001 0.886 (0.407-1.928) 0.760

Operation time

    ≤ 6 h Reference

    > 6 h 1.194 (0.780-1.829) 0.414

Tumor size (cm)

    ≤ 2.0 cm Reference Reference

    > 2.0 cm 1.458 (0.998-2.129) 0.051 1.121 (0.745-1.687) 0.583

Differentiation

    Well Reference Reference

    Moderate 0.892 (0.586-1.358) 0.594 1.100 (0.702-1.723) 0.679

    Poor 0.511 (0.294-0.889) 0.018 0.970 (0.499-1.884) 0.928

T stage

    T1 Reference Reference

    T2 1.451 (0.757-2.784) 0.262 1.239 (0.611-2.514) 0.553

    T3 3.092 (1.656-5.773) < 0.001 2.284 (0.874-4.968) 0.098

N stage

    N0 Reference Reference

    N1 2.201 (1.449-3.343) < 0.001 1.636 (0.932-2.873) 0.087

    N2 3.248 (1.488-7.089) 0.003 2.441 (0.935-6.372) 0.068

Blood vessel invasion

    No Reference Reference

    Yes 2.351 (1.548-3.573) < 0.001 1.744 (1.077-2.824) 0.024

Postoperative complications

    No Reference

    Yes 0.959 (0.643-1.431) 0.839

Adjuvant treatment

    No Reference Reference

    Yes 1.501 (0.999-2.256) 0.051 0.711 (0.420-1.205) 0.205
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Figure 3 Kaplan–Meier survival curves according to the subgroups. A: Overall survival curve in stage T1; B: Recurrence-free survival curve in stage T1; 
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C: Overall survival curve in stage T2; D: Recurrence-free survival curve in stage T2; E: Overall survival curve in stage T3; F: Recurrence-free survival curve in stage 
T3. PBT: Perioperative blood transfusion; OS: Overall survival; RFS: Recurrence-free survival.

ARTICLE HIGHLIGHTS
Research background
Numerous patients require transfusion due to sophisticated surgical procedures. However, the effect of perioperative 
blood transfusion (PBT) on the oncologic outcomes of ampullary carcinoma (AC) is still debated.

Research motivation
The present study attempted to explore the impact of PBT on short-term safety and long-term survival in AC patients 
who underwent pancreaticoduodenectomy.

Research objectives
This study aimed to investigate whether there was an association between PBT and poor oncologic outcomes in AC.

Research methods
The clinicopathological data of AC patients who underwent surgery from January 1998 to January 2020 were analyzed. 
We used Cox proportional hazard regression to identify prognostic factors of overall survival (OS) and recurrence-free 
survival (RFS) and the Kaplan-Meier method to analyze survival information.

Research results
Patients who received transfusion had a comparable incidence of postoperative complications with patients who did not. 
Transfusion was not an independent predictor of OS and RFS, while PBT might be potentially associated with decreased 
OS in early AC.

Research conclusions
We found that PBT might be associated with decreased OS in early AC.

Research perspectives
There are several limitations in this retrospective study, and more multicenter and prospective validations are needed.
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