Ann Surg Oncol (2011) 18:1327-1334
DOI 10.1245/s10434-010-1476-3

Annals of

SURGICAL ONCOLOGY

OFFICIAL JOURNAL OF THE SOCIETY OF SURGICAL ONCOLOGY

ORIGINAL ARTICLE — PANCREATIC TUMORS

Effects of Perioperative Red Blood Cell Transfusion on Disease
Recurrence and Survival After Pancreaticoduodenectomy

for Ductal Adenocarcinoma

Peter J. Kneuertz, MD', Sameer H. Patel, MD', Carrie K. Chu, MD", Shishir K. Maithel, MD',
Juan M. Sarmiento, MD', Keith A. Delman, MD', Charles A. Staley III, MD', and David A. Kooby, MD'*

'Department of Surgery, Emory University School of Medicine, Atlanta, GA; “Department of Surgery/Division of Surgical
Oncology, Winship Cancer Institute-Emory University, Atlanta, GA

ABSTRACT

Background. The premise that allogeneic red blood cell
transfusion (RBCT) contributes to adverse oncologic out-
comes after surgery remains controversial. We examined
the effects of RBCT during and after pancreaticoduoden-
ectomy (PD) for pancreatic ductal adenocarcinoma
(PDAC) on disease recurrence and survival.

Methods. A prospective database of 220 patients under-
going PD for PDAC from 2000 to 2008 was reviewed and
transfusion data collected. Univariate and multivariate
analyses were performed for factors influencing RBCT,
recurrence-free survival (RFS), and overall survival (OS).
The effect of amount and timing (intraoperative vs. post-
operative) of RBCT was analyzed.

Results. One hundred forty-seven patients (67%) received
RBCT: 70 (32%) received 1 to 2 units, and 77 (35%)
received >2 units. Median RFS and OS for the entire
cohort was 12 and 16 months, respectively. RBCT of >2
units was associated with reduced RFS (9 vs. 15 months;
P = 0.033) and OS (14 vs. 20 months; P = 0.003). Strat-
ified by timing of transfusion, postoperative RBCT was
associated with shortened RFS and OS. Controlling for age,
body mass index, comorbidities, tumor factors, and major
complications, each incremental unit of postoperative
RBCT was associated with reduced RFS (hazard ratio 1.10,
95% confidence interval 1.02-1.18) and OS (hazard ratio
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1.08, 95% confidence interval 1.03—1.12). Low hemoglo-
bin and presence of comorbidities were the only
preoperative factors independently associated with RBCT.
Conclusions. Allogeneic red blood cell transfusion after PD
for PDAC is independently associated with earlier cancer
recurrence and reduced survival, in particular when admin-
istered postoperatively and in larger quantities. Blood-
conservation methods are especially indicated for patients
with preoperative anemia and medical comorbidities.

Surgical resection is the only treatment modality that
offers a realistic potential for long-term survival for
patients with pancreatic ductal adenocarcinoma (PDAC).'
In large-volume tertiary referral centers, the median sur-
vival for patients with resected PDAC remains a mere 15—
20 months.>™ Along with indicators of aggressive tumor
behavior such as large size, poor differentiation, lymph
node involvement, and positive resection margins, admin-
istration of perioperative blood transfusion has been
identified as a poor prognostic factor after pancreatico-
duodenectomy (PD) for PDAC.”™ Despite a growing
experience and refinements in surgical technique, PD
remains a challenging procedure with substantial potential
for blood loss. Although transfusion rates have decreased
in contemporary series compared with previous reports,
where nearly all patients undergoing PD received a peri-
operative transfusion, they still remain high, between 47
and 60% of cases.'*™'?

Allogeneic red blood cell transfusions (RBCT) can
induce host immunosuppression by several mechanisms,
including transfusion-induced suppression of natural killer
cell activity, depression of monocyte phagocytic activity,
increase in suppressor T-cell activity with inhibition
of interleukin-2 production, and concomitant soluble
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Fas-ligand and HLA-molecule transfusion.'*'® Burrows
and Tartter were the first to report that RBCT was asso-
ciated with adverse oncologic outcomes, such as early
tumor recurrence, in patients who underwent resection of
colorectal cancer.!” However, the premise that RBCT
adversely affect outcome after cancer surgery still remains
controversial.

There are current studies that both support and refute the
idea that RBCT is associated with worse outcomes in
patients undergoing PD for PDAC.'""'>'®1° Recent data
also suggest that the timing of transfusion as related to the
operation may be critical.'> Understanding that RBCT may
be associated with cancer recurrence, and that most
patients will experience recurrence and consequently die of
PDAC within 2 years after resection, we sought to further
explore the relationship between RBCT and recurrence
because of the inconsistency of the available data.?

The purpose of this study was to examine the effects of
perioperative allogeneic RBCT on disease recurrence and
survival in a large cohort of patients undergoing PD for
PDAC. By analyzing the effect of number and timing of
transfusions, we aim to further clarify the impact of
transfusion on disease recurrence and survival.

METHODS

We conducted a retrospective review of data for 220
patients who underwent PD for PDAC at Emory University
Hospital between 2000 and 2008. Permission from
Emory’s institutional review board was obtained before
data review, and compliance with the Health Insurance
Portability and Accountability Act of 1996 was ensured.

Demographic data examined included patients’ age, sex,
and body mass index. Preoperative laboratory values, such
as serum albumin, total bilirubin, and hemoglobin, were
assessed. Comorbid conditions were identified and graded
with the Charlson comorbidity score.?' Operative records
were reviewed to record estimated blood loss and operation
time, and to determine whether a portal vein resection was
performed. Pathology reports were reviewed to record
tumor size and grade, to record margin and node status, and
to determine the presence or absence of perineural and
lymphovascular invasion.

Postoperative complications were defined and graded
according to the validated Clavien classification system.?*
Accordingly, grade 3-5 complications were categorized as
major complications. Length of hospital stay was recorded.
Postoperative mortality was defined as death within
30 days of operation.

Red blood cell transfusion data for each patient were
collected from anesthesia and computerized hospital blood
bank records. RBCT was defined as any allogeneic red blood

cell transfusion administered from the time of operation until
hospital discharge. RBCT was further categorized by timing
(intraoperative vs. postoperative) and the number of units
transfused (none, 1-2 units, and >2 units). Intraoperative
RBCT included all transfusions initiated in the operating
room, even if completed postoperatively.

Recurrence-free survival was determined as the time
from operation to either biopsy-proven or radiologic evi-
dence of disease recurrence. Overall survival was
calculated from the date of operation to last follow-up time
or death.

Statistical Analysis

Recurrence-free survival (RFS) and overall survival
(OS) were estimated by the Kaplan-Meier technique and
compared by log rank test. Patients who died within
30 days of surgery were excluded from survival analysis.
The Cox proportional hazard regression model was used
for multivariate modeling of RFS and OS. A significance
level of P < 0.05 in the univariate analysis was used as
criterion for inclusion in the multivariate model. Continu-
ous variables were dichotomized around the median value
or categorized by an existing definition, if available. The
association of variables with transfusion was tested by
Fisher’s exact test to compare two groups of categorical
variables, and Pearson’s y* test for more than two groups.
Student’s z-test was used to compare continuous variables.
Variables demonstrating a statistically significant associa-
tion with RBCT on univariate analysis were entered into a
multivariate logistic regression model. Statistical signifi-
cance was defined as a two-tailed P value of <0.05. All
data analyses were performed by SPSS version 17.0 for
Microsoft Windows (LEAD Technologies, Chicago, IL)
statistical software package.

RESULTS

A total of 220 patients underwent PD for PDAC
between 2000 and 2008. Median age was 65 (range 37-86)
years, and 109 (50%) were women. Median follow-up time
for the entire cohort was 13 (range 0-76) months. Fifty-one
patients (23%) were considered obese, defined by a body
mass index of >30 kg/mz, and 92 patients (42%) had at
least one comorbid condition. Median length of operation
was 266 (range 117-751) min, and median estimated blood
loss was 400 (range 50-5700) mL. Portal vein resection
was performed in 33 cases (15%). Median tumor size was
3.0 (range 0.7-7.0) cm. One hundred thirty-seven patients
(62%) had lymph node involvement, 87 (40%) had lym-
phovascular invasion, and 190 (86%) had tumors with
perineural invasion detected on histopathologic analysis.



Perioperative RBC Transfusion 1329
TABLE 1 Demographics and treatment details analyzed by transfusion status at any time
Characteristic All Univariate Multivariate
(n = 220) - - -
No transfusion ~ Transfusion P Odds ratio (95% P
(n=173) (n = 147) confidence interval)

Age at operation (y), mean 64 62.9 64.9 0.19
Sex, n (%)

Female 109 (50) 30 (41) 79 (54) 0.087

Male 111 (50) 43 (59) 68 (46)
Body mass index (kg/m?), mean 27 27 27 0.777
Charlson comorbidity score, n (%)

0 128 (58) 53 (73) 75 (51) 0.004* Reference group

1-2 71 (32) 18 (25) 53 (36) 2.42 (1.03-5.70) 0.0427%

>2 21 (10) 2(3) 19 (13) 9.29 (1.09-79.5) 0.042*
Preoperative albumin (g/dl), mean 3 3.2 2.9 0.007* 1.32 (0.62-2.81) 0.5
Preoperative hemoglobin (g/dl), mean 12.1 12.8 11.8 <0.001* 1.39 (1.17-1.56) 0.002*
Peak total bilirubin (mg/dl), mean 7.4 54 8.4 0.003* 1.05 (0.98-1.11) 0.15
Preoperative international normalized ratio 1.05 1.03 1.07 0.021* 1.93 (0.66-56.3) 0.7

of prothrombin time, mean
Operation time (min), mean 307 239 342 <0.001* 1.00 (0.99-1.01) 0.21
Estimated blood loss (ml), mean 572 275 718 <0.001* 1.03 (1.01-1.05) 0.001*
Portal vein resection, n (%) 33 (15) 7 (10) 26 (18) 0.16
T size (cm), mean 3.3 3.1 3.3 0.23
Node involvement, n (%) 137 (62) 48 (66) 89 (61) 0.56
Negative margin, n (%) 160 (73) 58 (79) 102 (69) 0.15
Major complication, n (%) 57 (26) 7 (10) 50 (34) <0.001* 3.75 (1.28-10.9) 0.016%*
Days in hospital, mean 14 9.5 16.2 <0.001* 1.06 (0.99-1.13) 0.13
Postoperative deaths, n (%) 4 (2) 1(1) 3 () 1

* P <0.05

Microscopic negative resection margin (RO) was achieved
in 160 patients (73%). Postoperatively, 57 patients (26%)
developed major complications, and 4 patients (2%) died
within 30 days after surgery. The median length of hospital
stay was 11 (range 4-74) days.

Red Blood Cell Transfusion

Of the 220 patients who underwent PD, 147 patients
(67%) received RBCT. Seventy patients (32%) received 1
or 2 units of red blood cells, while 77 patients (35%)
received >2 units. Nine percent of the transfused units were
older than 30 days. Timing of transfusion was distributed
evenly between intraoperative (47%, n = 103) and post-
operative (46%, n = 102) RBCT. Among these, 58
patients received both intraoperative and postoperative
transfusions, 45 patients received only intraoperative
transfusions, and 44 patients received only postoperative
transfusions. No patients received blood preoperatively.
More units of blood were provided in the postoperative

period than were given in the operating room, with an
average of 3.8 units and 2.2 units, respectively.

RBCT was more frequently administered to patients
with greater comorbidities, as depicted by the Charlson
comorbidity score (score of 0: 59% vs. score of 1-2: 75%
vs. score of > 2: 90%, P = 0.004, Table 1). Patients who
received RBCT at any time also had longer operation times
(mean 342 vs. 239 min, P = 0.001), higher estimated
blood loss (mean 718 vs. 275 ml, P = 0.001), more major
postoperative complications (34% vs. 10%, P = 0.001),
and longer hospital stays (mean 16.2 vs. 9.5 days,
P = 0.001). These patients also had lower preoperative
albumin (mean 2.9 vs. 3.2 g/dl, P = 0.007) and hemoglo-
bin levels (mean 11.8 vs. 12.8 g/dl, P = 0.001), as well as
a higher preoperative international normalized ratio of
prothrombin time (1.07 vs. 1.03, P = 0.02) and peak total
bilirubin level (8.4 vs. 5.4 mg/dl, P = 0.003). By multi-
variate analysis, only the Charlson comorbidity score,
preoperative hemoglobin levels, estimated blood loss, and
major complications were independently associated with
transfusion given at any time (Table 1).
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Survival Analysis

Four patients died within the first 30 days of surgery
and were excluded from survival analysis. Median RFS
and OS for the entire cohort were 12 and 16 months,
respectively. Patients who received RBCT at any time
had reduced OS after PD for PDAC compared with
patients who never received RBCT (P = 0.015;
Table 2). When stratified by the timing of transfusion,
patients who received an RBCT in the postoperative
period had earlier recurrence of disease (8 vs.
15 months, P = 0.002; Fig. 1) and a reduced OS (14
vs. 18 months, P = 0.001; Fig. 2). Intraoperative RBCT
had no statistically significant influence on either RFS
or OS (Table 2).

The number of units transfused was also associated
with survival outcomes. When comparing patients who
received no transfusion, 1 to 2 units, or >2 units at any
time, both RFS (15 vs. 14 vs. 10 months, P = 0.033) and
OS (20 vs. 16 vs. 14 months, P = 0.003; Table 2)
declined significantly with more transfusions. This effect
was most evident for postoperative transfusions (Fig. 3).
Patients who received a postoperative transfusion of 1-2
units of blood had a shortened OS compared to patients
who received no postoperative transfusion (15 wvs.
18 months, P = 0.05). Patients who received >2 units of
RBCT postoperatively had the shortest median OS of
10 months compared to the other two groups (P = 0.009;
Fig. 3).

Univariate log-rank analysis was performed to deter-
mine which factors were predictive of early recurrence.
The administration of a postoperative transfusion
(P =0.002, Fig. 1), >2 units transfused at any time,
positive resection margin, and lymphovascular invasion
were all identified as being associated with an earlier
recurrence of disease (Table 2). For OS, we found that
along with a postoperative transfusion and >2 units
transfused at any time, obesity, the presence of comor-
bidities, and major postoperative complications were
associated with reduced OS (Table 2). Tumor factors
including increased tumor size, poor differentiation,
lymphovascular and perineural invasion, lymph node
involvement, and positive resection margins, were also
associated with reduced OS by univariate log rank anal-
ysis (Table 2).

On multivariate analysis, the administration of a post-
operative blood transfusion, when analyzed as a continuous
variable by each incremental unit transfused, was an
independent prognostic factor for both reduced RFS and
OS (Table 3). Other independent predictors of decreased
OS included patient comorbidities, increased tumor size,
lymph node involvement, and perineural
(Table 3).

invasion

TABLE 2 Recurrence-free and overall survival excluding patients
with 30-day mortality

Characteristic No. of RFS oS
patients - -
(n = 216) Median P Median P
(mo) (mo)
Age at operation 1.0 0.123
<65y 109 14 19
>65y 107 9 15
Sex 0.685 0.599
Female 106 12 16
Male 110 12 16
Body mass index 0.130 0.017*
<30 kg/m? 166 12 16
>30 kg/m> 50 10 14
Comorbidities 0.951 0.011*
None 128 14 18
Any 88 12 14
Operation time 0.227 0.561
<4.5h 110 15 16
>45h 106 10 15
Estimated blood loss 0.404 0.409
<400 ml 102 15 17
>400 ml 114 10 15
Any transfusion 0.347 0.015%
None 72 15 20
Any 144 10 15
Amount of transfusion 0.033* 0.003*
None 72 15 20
1-2 units 69 14 16
>2 units 75 9 14
Intraoperative 0.927 0.289
transfusion
None 114 14 17
Any 102 12 15
Postoperative 0.002* 0.001*
transfusion
None 117 15 18
Any 99 8 14
Tumor size 0.239 0.006*
<3 cm 84 15 18
>3 cm 132 10 14
Poor differentiation 0.133 0.033*
No 152 13 18
Yes 64 12 14
Lymphovascular 0.036%* 0.021%*
invasion
Negative 130 14 18
Positive 86 10 12
Perineural invasion 0.569 0.023*
Negative 29 14 24
Positive 187 12 15
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TABLE 2 continued

Characteristic No. of RFS (O]
patients B .
(n = 216) Median P Median P
(mo) (mo)

Node status 0.094 0.003*

NO 80 12 18

N1 136 12 15
Margin status 0.012* 0.002*

RO 157 14 18

R1-2 59 9 13
Major complication 0.517

No 163 14 17

Yes 53 9 11 0.049*
* P <0.05

Proportion

without

recurrence

10 ¥

—— No postoperative transfusion
* Postoperative transfusion
0.8 +
0.6
+
0.4
+
" I
02 T L
! ! ! M !
0 20 40 60 80

Time after surgery (Months)

FIG. 1 Recurrence-free survival of patients undergoing pancreati-
coduodenectomy for pancreatic ductal adenocarcinoma stratified by
postoperative transfusions status. Median time to recurrence of
15 months with no transfusion vs. 8 months with transfusion,
P = 0.002

DISCUSSION

The purpose of this study was to evaluate the effects of
allogeneic red blood cell transfusion on disease recurrence
and survival after resection for pancreatic cancer. Our
results indicate that RBCT is an independent poor prog-
nostic factor for survival after resection after PD for
PDAC.

Allogeneic blood transfusions are thought to induce a state
of relative host immunosuppression. Clinical evidence was
first found in the beneficial effect of prolonged graft survival
after renal transplantation in conjunction with RBCT, and a

Proportion
surviving

No postoperative transfusion
Postoperative transfusion

0.8

0.6

0.4

0.2

0 20 40 60 80
Time after surgery (Months)

FIG. 2 Overall survival (OS) of patients undergoing pancreatico-
duodenectomy for pancreatic ductal adenocarcinoma stratified by
postoperative transfusions status. Median OS of 18 months with no
transfusion vs. 14 months with transfusion, P = 0.001

Proportion
surviving

1.0 —— No postoperative transfusion
1-2 units trasfused
—— > 2 units trasfused

0.8

0.6

0.4

0.2

0 20 40 60 80
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FIG. 3 Opverall survival of patients undergoing pancreaticoduoden-
ectomy for pancreatic ductal adenocarcinoma with and without
postoperative transfusion, stratified by number of units transfused.
Median survival of 18 months without postoperative transfusion
(n = 117), 15 months with 1-2 units transfused (n = 62), 10 months
with >2 units transfused (n = 37). P = 0.001 comparing all three
curves; P = 0.051, none vs. 1-2 units transfused; P = 0.001, none vs.
>2 units transfused; P = 0.009, 1-2 vs. >2 units transfused

reduced relapse rate in patients with Crohn disease.”>** In the
oncologic setting, however, transfusion acquired immuno-
modulation has been attributed as a potential cause of earlier
cancer recurrence, which has been best described after
resection for colorectal and hepatocellular cancer.”>~® Our
data support this theory; we demonstrated statistically sig-
nificantly shorter recurrence-free time intervals after PD for
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TABLE 3 Multivariate predictors of reduced recurrence-free and overall survival for patients undergoing pancreaticoduodenectomy for pan-

creatic ductal adenocarcinoma excluding patients with 30-day mortality

Variable Hazard ratio 95% confidence interval P
Recurrence-free survival
Postoperative transfusion (each unit) 1.10 1.02-1.18 0.01
Overall survival
Postoperative transfusion (each unit) 1.08 1.03-1.12 0.001
Tumor size > 3 cm 1.18 1.02-1.39 0.042
Perineural invasion 1.93 1.05-3.54 0.034
Node involvement 1.49 1.01-2.21 0.044

Variables included were: body mass index; Charlson comorbidity score; intraoperative and postoperative transfusions by units transfused; tumor
size (cm); poor differentiation, and lymphovascular and perineural invasion; margin status; node involvement; major complications

PDAC for patients who were transfused in the perioperative
period. These effects of transfusion-acquired immunomodu-
lation could potentially be exaggerated in those patients with
immunosuppression at baseline. In this study, none of the
patients were found to have any underlying immune disorder
or on chronic corticosteroid therapy.

Previously, the largest study that examined the effects of
RBCT in patients who underwent PD for pancreatic
malignancy was reported from the Memorial Sloan-
Kettering Cancer Center.'? This study found that postop-
erative, but not intraoperative, blood transfusion was
associated with decreased OS. Our study confirms this
finding, and we also found that postoperative RBCT was
associated with earlier recurrence of disease after complete
resection. Given the lack of effective salvage therapy, it
stands to reason that early recurrence of disease is the
explanation for reduced OS in this patient population.

Currently, there is no definitive explanation for the
association between postoperative RBCT and early disease
recurrence and reduced survival. It has been reported that
disseminated tumor cells can be detected in several loca-
tions, including blood and peritoneal washings, after
patients undergo potentially curative resections of pancre-
atic tumors.”’ It is possible that with the assistance of
RBCT-induced immunosuppression, these tumor -cells
could escape immunologic surveillance and disseminate,
thus predisposing the patient to an earlier recurrence of
disease. Interestingly, it seems that only RBCT provided in
the postoperative period, and not intraoperatively, exerts a
negative effect. The minimal impact of intraoperative
transfusion on recurrence and survival perhaps may be
explained by the fact that the immunomodulatory factors
that accompany RBCT are removed with ongoing blood
loss in the operating room. Of note, in our study, the
average number of units transfused in the operating room
was lower than transfused in the postoperative setting,
which could also have influenced these findings. Yeh et al.,
from Memorial Sloan-Kettering Cancer Center, proposed
that postoperative transfusion is reflective of patient long-

term comorbidities and clinical status, whereas intraoper-
ative transfusion is an indicator of technical operative
requirement.'” Given the retrospective nature of this study,
we cannot accurately determine the cause of transfusion on
outcome but instead merely provide possible hypotheses.

An association between transfusion quantity and long-
term survival after resection of PDAC has not been
established previously. Prior studies have only considered
RBCT when >2 units were transfused.*'® The study by
Yeh et al., which also analyzed the relationship of quantity
of transfusion and survival, did not find a statistically sig-
nificant association between the two.'? In our study, we
found that indeed the number of units transfused in the
postoperative period had an independent impact on sur-
vival. Patients who received >2 units of blood
postoperatively had the shortest median OS.

Almost a third of all patients in our series only received
a limited amount of 1 or 2 units of blood, which was still
associated with shortened survival compared to not
receiving any postoperative transfusion. In a retrospective
review, it is difficult to determine how many of the
administered transfusions could potentially have been
avoided. In light of these findings, however, it seems that
even these patients would benefit from a restrictive
approach toward perioperative blood transfusions and
blood-conservation techniques. On multivariate analysis,
we found that the number of comorbidities and low pre-
operative hemoglobin levels were associated with an
increased likelihood of perioperative blood transfusion.
Considering the potential positive impact on survival,
blood-conservation techniques may be especially indicated
for high-risk patients with multiple comorbidities and
preoperative anemia as they prepare to undergo PD for
PDAC. Use of hemodilution techniques, pharmacologic
substitutions such as recombinant human erythropoietin,
folic acid, vitamin B12, and the use of cell-salvage devices
have shown to be effective in minimizing blood transfu-
sions in patients undergoing major abdominal surgery for
cancer.”® Although erythropoietin was not administered to
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patients in this study, preoperative administration before
PD could potentially be a model for future prospective
randomized trials.

The impact of RBCT on long term survival is intrinsically
difficult to assess because there are a number of potentially
confounding factors to consider. For example, it is con-
ceivable that more technically challenging operations are
associated with greater blood loss and higher transfusion
rates as a result of bulkier and more advanced tumors.
Additionally, postoperative complications that are more
frequently seen after a challenging operation often result in a
blood transfusion. As a group, these patients may reflect the
most compromised and vulnerable population, and thus it
becomes difficult to ascribe poor outcomes to a blood
transfusion independently of all other factors unless
accounted for in a multivariate analysis. In fact, some of
these assumptions were confirmed in this study, as we found
that a RBCT was associated with severity of comorbidities,
a higher estimated intraoperative blood loss, and more major
postoperative complications. Even though major postopera-
tive complications were associated with transfusion status,
no statistically significant association was found in the
subset of patients who had infectious complications.

Given the retrospective and observational nature of this
study, we cannot infer a causative effect of postoperative
RBCT on early recurrence and shortened survival after
resection. However, this study includes a large subset of
patients, which enabled us to use multivariate analytical
techniques to adjust for confounding factors. After con-
trolling for the usual poor prognostic factors, we still found
that each unit of RBCT given in the postoperative period is
an independent risk factor for early recurrence and reduced
survival, and this effect seems to be related to the quantity
of units transfused.

In conclusion, allogeneic red blood cell transfusion is
independently associated with earlier disease recurrence
and decreased OS in patients undergoing PD for PDAC.
This association is most evident when transfusions are
administered in the postoperative setting and in larger
quantities. Blood-conservation methods may be indicated
for high-risk patients, especially those with comorbidities
and preoperative anemia.

CONFLICT OF INTEREST The authors declare no conflict of
interest.

REFERENCES

1. Wagner M, Redaelli C, Lietz M, et al. Curative resection is the
single most important factor determining outcome in patients
with pancreatic adenocarcinoma. Br J Surg. 2004;91:586-94.

2. Sohn TA, Yeo CJ, Cameron JL, et al. Resected adenocarcinoma
of the Pancreas-616 patients: results, outcomes, and prognostic
indicators. J Gastrointest Surg. 2000;4:567-79.

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

. Geer RJ, Brennan MF. Prognostic indicators for survival after

resection of pancreatic adenocarcinoma. Am J Surg. 1993;165:
68-72.

. Fatima J, Schnelldorfer T, Barton J, et al. Pancreatoduodenec-

tomy for ductal adenocarcinoma: implications of positive margin
on survival. Arch Surg. 2010;145:167-72.

. Cameron JL, Crist DW, Sitzmann JV, et al. Factors influencing

survival after pancreaticoduodenectomy for pancreatic cancer.
Am J Surg. 1991;161:120-4.

. Allema JH, Reinders ME, van Gulik TM, et al. Prognostic factors

for survival after pancreaticoduodenectomy for patients with
carcinoma of the pancreatic head region. Cancer. 1995;75:
2069-76.

. Yeo CJ, Cameron JL, Lillemoe KD, et al. Pancreaticoduoden-

ectomy for cancer of the head of the pancreas. 201 patients. Ann
Surg. 1995;221:721-31.

. Sperti C, Pasquali C, Piccoli A, Pedrazzoli S. Survival after

resection for ductal adenocarcinoma of the pancreas. Br J Surg.
1996;83:625-31.

. Millikan KW, Deziel DJ, Silverstein JC, et al. Prognostic factors

associated with resectable adenocarcinoma of the head of the
pancreas. Am Surg. 1999;65:618-23.

Peters JH, Carey LC. Historical review of pancreaticoduoden-
ectomy. Am J Surg. 1991;161:219-25.

Park SJ, Kim SW, Jang JY, Lee KU, Park YH. Intraoperative
transfusion: is it a real prognostic factor of periampullary cancer
following pancreatoduodenectomy? World J Surg. 2002;26:
487-92.

Yeh JJ, Gonen M, Tomlinson JS, et al. Effect of blood transfusion
on outcome after pancreaticoduodenectomy for exocrine tumour
of the pancreas. Br J Surg. 2007;94:466-72.

Kaplan J, Sarnaik S, Gitlin J, Lusher J. Diminished helper/sup-
pressor lymphocyte ratios and natural killer activity in recipients
of repeated blood transfusions. Blood. 1984;64:308-10.
Waymack JP, Gallon L, Barcelli U, Trocki O, Alexander JW.
Effect of blood transfusions on immune function. III. alterations in
macrophage arachidonic acid metabolism. Arch Surg. 1987;122:
56-60.

. Innerhofer P, Tilz G, Fuchs D, et al. Immunologic changes after

transfusion of autologous or allogeneic buffy coat-poor versus
WBC-reduced blood transfusions in patients undergoing arthro-
plasty. II. Activation of T cells, macrophages, and cell-mediated
lympholysis. Transfusion. 2000;40:821-7.

Ghio M, Contini P, Mazzei C, et al. Soluble HLA class I, HLA
class II, and Fas ligand in blood components: a possible key to
explain the immunomodulatory effects of allogeneic blood
transfusions. Blood. 1999;93:1770-7.

Burrows L, Tartter P. Effect of blood transfusions on colonic
malignancy recurrent rate. Lancet. 1982;2:662.

Ueda M, Endo I, Nakashima M, et al. Prognostic factors after
resection of pancreatic cancer. World J Surg. 2009;33:104-10.
Clark E, Connor S, Taylor MA, et al. Perioperative transfusion
for pancreaticoduodenectomy and its impact on prognosis in
resected pancreatic ductal adenocarcinoma. HPB (Oxford).
2007;9:472-17.

Griffin JF, Smalley SR, Jewell W, et al. Patterns of failure after
curative resection of pancreatic carcinoma. Cancer. 1990;66:
56-61.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chronic Dis. 1987;40:
373-83.

Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg. 2004;240:
205-13.



1334

P. J. Kneuertz et al.

23.

24.

25.

26.

Opelz G, Terasaki PI. Improvement of kidney-graft survival with
increased numbers of blood transfusions. N Engl J Med.
1978;299:799-803.

Peters WR, Fry RD, Fleshman JW, Kodner 1J. Multiple blood
transfusions reduce the recurrence rate of Crohn’s disease. Dis
Colon Rectum. 1989;32:749-53.

Dionigi G, Rovera F, Boni L, et al. The impact of perioperative
blood transfusion on clinical outcomes in colorectal surgery. Surg
Oncol. 2007;16(Suppl 1):S177-82.

Kwon AH, Matsui Y, Kamiyama Y. Perioperative blood trans-
fusion in hepatocellular carcinomas: influence of immunologic
profile and recurrence free survival. Cancer. 2001;91:771-8.

217.

28.

Hoffmann K, Kerner C, Wilfert W, et al. Detection of dissemi-
nated pancreatic cells by amplification of cytokeratin-19 with
quantitative RT-PCR in blood, bone marrow and peritoneal
lavage of pancreatic carcinoma patients. World J Gastroenterol.
2007;13:257-63.

Weber RS, Jabbour N, Martin RC 2nd. Anemia and transfusions
in patients undergoing surgery for cancer. Ann Surg Oncol.
2008;15:34-45.



	Effects of Perioperative Red Blood Cell Transfusion on Disease Recurrence and Survival After Pancreaticoduodenectomy for Ductal Adenocarcinoma
	Abstract
	Background
	Methods
	Results
	Conclusions

	Methods
	Statistical Analysis

	Results
	Red Blood Cell Transfusion
	Survival Analysis

	Discussion
	Conflict of interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


