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Abstract

Introduction In this multi-institutional study of patients undergoing pancreaticoduodenectomy for pancreatic adenocarcinoma,
we sought to identify factors associated with perioperative transfusion requirement as well as the association between blood
transfusion and perioperative and oncologic outcomes.

Methods The surgical databases across six high-volume institutions were analyzed to identify patients who underwent
pancreaticoduodenectomy for pancreatic adenocarcinoma from 2005 to 2010. For statistical analyses, patients were then
stratified by transfusion volume according to whether they received 0, 1-2, or >2 units of packed red blood cells.

Results Among 697 patients identified, 42 % required blood transfusion. Twenty-three percent received 1-2 units, and 19 %
received >2 units. Factors associated with an increased transfusion requirement included older age, heart disease, diabetes, longer
operative time, higher blood loss, tumor size, and non-R0 margin status (all p<0.05). The median disease-free survival (13.8 vs.
18.3 months, p=0.02) and overall survival (14.0 vs. 21.0 months, p<0.0001) durations of transfused patients were shorter than
those of transfusion-free patients. Multivariate modeling identified intraoperative transfusion of >2 units (hazard ratio, 1.92, p=
0.009) and postoperative transfusions as independent factors associated with decreased disease-free survival.

Conclusions This multi-institutional study represents the largest series to date analyzing the effects of perioperative blood
transfusion on patient outcomes following pancreaticoduodenectomy for pancreatic adenocarcinoma. While blood transfusion
was not associated with increased rate of infectious complications, allogeneic blood transfusion did confer a negative impact on
disease-free and overall survival.
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Introduction

Awareness of the immunomodulatory effect of allogeneic
blood transfusions is certainly not novel. Initial publications
from the early 1970s demonstrated a protective benefit of
blood transfusions on transplanted renal allograft survival.'
Red blood cell transfusions have also been shown to decrease
the frequency of autoimmune-driven inflammatory bowel
disease exacerbations.”

Despite these initial reports of the beneficial effects of
immunological inhibition following transfusion, most recent
reports have focused on the deleterious effects of transfusion-
related immunosuppression (TRIM). The first report of
TRIM-related poor outcomes in oncologic patients was re-
ported by Burrows and Tartter,” demonstrating a decrease in
overall survival in patients receiving perioperative blood
transfusions around the time of surgical resection of colon
cancer. Since then, similar findings have been reported for
patients being treated for primary malignancies of the
esophagus,” stomach,” lung,® prostate,” breast,® and bone,’
as well as colorectal cancer metastases to the liver.'® Accu-
mulation of lipid mediators,'" pro-inflammatory cytokines,'?
and immunosuppressive proteins'® in the fractions of stored
blood have been implicated as potential mechanisms for this
TRIM-induced negative effect on survival. Following trans-
fusion, these components of stored blood may promote sup-
pression of natural killer cell activity and decreased IL-2
production, thus inhibiting the body's innate
immunosurveillance system typically responsible for cancer
cell detection and elimination.'*

Patients undergoing pancreaticoduodenectomy (PD) for
treatment of pancreatic adenocarcinoma often require periop-
erative blood transfusion. Factors including extensive dissec-
tion within a highly vascular operative field as well as poten-
tial chronic anemia within patients suffering an underlying
malignancy result in recently published perioperative transfu-
sion rates of 4060 %.'> '® Despite reports that TRIM is
associated with worse outcomes in this patient population,

C. R. Scoggins * R. C. G. Martin Il
Department of Surgery, University of Louisville School of Medicine,
Louisville, KY, USA

H.J. Kim - J. J. Baker
Department of Surgery, University of North Carolina School of
Medicine, Chapel Hill, NC, USA

N. B. Merchant * A. A. Parikh

Department of Surgery, Vanderbilt University School of Medicine,
Nashville, TN, USA

@ Springer

controversy still remains.'” Moreover, even the largest pub-
lished reports investigating this association in patients with
pancreatic adenocarcinoma have utilized patient data limited
to surgeons operating at single institutions.'® '” We therefore
sought to investigate long term survival outcomes in patients
who received perioperative blood transfusions on a multi-
institutional basis. We hypothesized that perioperative blood
transfusion in patients undergoing PD for surgical treatment of
adenocarcinoma of the head of the pancreas was associated
with decreased disease-free and overall survival.

Methods
Data Collection

A retrospective review of prospectively collected institutional
databases was initially performed across six high-volume
academic surgical institutions within the Central Pancreas
Consortium to identify patients who underwent PD for all
diagnoses between 1st January 2005 and 31st December
2010. Approval was granted by each respective institutional
review board prior to data collection. Each institution provid-
ed data on patient demographics and medical history, opera-
tive and pathological statistics, perioperative blood transfu-
sion requirements, and postoperative course, including vari-
ous surgical complications. Blood transfusions were counted
if they were administered from the onset of surgery until
discharge from index admission. Of note, for the current study,
only units of packed red blood cells (pRBCs) were included in
the analysis. Additional sources of products, including fresh
frozen plasma, platelets, albumin, and coagulation factors
were not investigated. Hospital length of stay, time to most
recent follow-up, and time to disease recurrence and/or death
(where applicable) were noted. These data were then collated
into a common multi-institutional database. An analysis of
this entire cohort has previously been published.”’ From this
entire cohort, a subset of patients undergoing PD for treatment
of pancreatic adenocarcinoma was identified, whereas the
remaining patients who underwent PD for other diagnoses
were excluded from further analysis. For statistical analyses,
patients were then stratified according to transfusion quantity
(0, 1-2, or greater than 2 units of pRBCs), as well as transfu-
sion timing (intraoperative vs. postoperative).

Operative Technique, Postoperative Complications,
and Long-Term Follow-up

All operative cases were performed by fellowship-trained
pancreatic surgeons with assistance from senior surgical res-
idents or surgical oncology fellows as appropriate. Patient
selection, operative conduct, transfusion requirement, and
postoperative course were determined at the discretion of the
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attending surgeon and his or her surgical team. Given the
multi-institutional nature of this study, specific transfusion
triggers varied across institutions. However, common triggers
included ongoing intraoperative blood loss, need for addition-
al intraoperative vascular volume with or without additional
expected blood loss, hemoglobin levels <7.0 g/dL (or higher
in the setting of prior heart disease), or symptomatic anemia.
Specific postoperative complications including pancreatic fis-
tula and delayed gastric emptying were identified by the
definitions provided by the International Study Group of
Pancreatic Surgery (ISGPF).?!" ?? Postoperatively, patients
received follow-up under protocols specific to each institu-
tion. In general, after several immediate postoperative office
visits, patients traditionally underwent surveillance with se-
rum tumor markers (e.g., CA 19-9) and CT scan imaging
every 3—6 months for approximately 3 years at the discretion
of the attending surgeon. Tumor recurrence was defined as a
significant elevation in baseline tumor markers or evidence of
tumor on radiologic imaging, whichever occurred first.

Statistical Analyses

SAS software (SAS version 9.3; SAS Institute Inc., Cary, NC)
was used to perform all statistical analyses. Analysis of vari-
ance (ANOVA) was performed to compare all continuous
variables (e.g., age, body mass index (BMI), procedure length,
and hospital length of stay) between transfusion groups. Chi-
square analyses were performed on all remaining nonparamet-
ric variables. To identify independent factors associated with
decreased disease-free and overall survival, univariate analy-
ses were first performed with disease-free survival and overall
survival as dependent endpoints. Patient demographic vari-
ables included in the regression analyses included patient age,
gender, race, and comorbidities (e.g., BMI, smoking status,
and presence or absence of diabetes or heart disease). Clini-
copathologic variables included receipt of neoadjuvant thera-
py, estimated blood loss, operative time, type of Whipple
performed (pylorus-preserving PD vs. standard PD), tumor
size, lymph node involvement, margin status, postoperative
complications, length of hospital stay, and transfusion require-
ments (timing and volume). Data on receipt of adjuvant
therapy were not available for these analyses. All variables
with p values <0.15 on univariate analysis were then included
in the respective stepwise multivariate logistic regression
model.

For survival analyses, Kaplan-Meier survival curves were
generated with death/most recent follow-up and cancer recur-
rence as endpoints and statistically analyzed via the log-rank
test. All deaths were included in the analysis, regardless of
whether they occurred perioperative (i.e., within 30 days of
index surgery) or longer term. To account for differences in
patient demographics and perioperative variables, an addition-
al survival analysis was performed following a propensity-

matched analysis utilizing a “greedy-matching” algorithm in
which patients undergo computerized matching of cases to
controls using a number of patient variables. In the current
analysis, the variables within the logistic regression used to
generate propensity scores included age (continuous), gender
(male/female), race (White/Black/Other), Whipple type (stan-
dard PD vs. pylorus-preserving PD, BMI (continuous),
smoking status (yes/no), diabetes (yes/no), and heart disease
(yes/no). With the exception of the initial univariate analyses
to determine statistically and/or clinically significant variables
to include in the multivariate model, all p values <0.05 were
considered statistically significant.

Results
Patient and Perioperative Demographics

A total of 697 patients were identified from the original
database for further analysis. Of these, 293 patients (42 %)
required blood transfusion throughout the course of their
index admission while 404 patients (58 %) remained transfu-
sion free. One hundred sixty-one patients (23 %) received a
total of 1-2 units of pRBCs and 132 patients (19 %) received a
total of greater than 2 units (range, 0—25 units). Eighteen
percent of patients required transfusions intraoperatively only,
14 % required their transfusions postoperatively only, and
10 % received both intra- and postoperative transfusions. Of
those patients receiving transfusions, the average transfusion
volume of those receiving intraoperative blood was 2.69+
0.18 units of pRBCs, whereas the average volume for those
receiving postoperative units was 3.02+0.25 units of pRBCs.
Table 1 lists the patient demographics and perioperative var-
iables included within the analysis. The average age of all
patients was 65.8 years with an equal male/female ratio.
Roughly half of all patients (48 %, n=377) endorsed a signif-
icant active or past smoking history, 30 % (n=212) were
diabetic, and 16 % (n=113) carried a diagnosis of heart
disease. The overall estimated blood loss was 672+29 mL
across all patients.

The most common postoperative complications across all
patients were wound infection (12 %, n=83), pancreatic fis-
tula or intra-abdominal abscess (11 %, n=74), delayed gastric
emptying (8 %, n=>54), and urinary tract infection (4 %, n=
29). Overall length of stay averaged 10 days; a longer length
of stay was associated with receipt of blood transfusion
(»<0.001). Those patients who received blood also demon-
strated higher 30-day reoperation (p=0.02) and 90-day read-
mission (p=0.001) rates as compared with those patients who
remained transfusion free. A total of ten patients (1.4 %) died
within 30 days of their initial operation. The median follow-up
duration for all patients was 1.5 years, and there was no
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difference in follow-up time between transfused and
nontransfused groups.

Factors Associated with Blood Transfusion

Patient demographics associated with higher transfusion re-
quirement included increasing age, heart disease, and diabetes
(all p<0.05). Not surprisingly, higher estimated blood loss
(EBL) was associated with an increased transfusion require-
ment (p<0.001), with an EBL of patients receiving 0, 1-2, or
>2 units averaging 468+17, 679+43, and 1,291+121 mL of
blood loss, respectively. Sex (p=0.03) and race (p=0.02) were
also associated with differences in transfusion requirements,
but these findings are likely clinically insignificant. Drain
placement, longer operative time, larger tumor size, and non-
RO margin status were also associated with a higher transfu-
sion requirement (all p<0.03). Of all complications identified,
only delayed gastric emptying (p=0.02) and myocardial in-
farction (p=0.006) were associated with a higher transfusion
requirement. Receipt of blood transfusion was also associated
with a longer length of stay (p<0.001) as well as a higher 30-
day mortality rate (»p=0.039).

BMI and smoking status were not associated with blood
transfusion. Additionally, receipt of neoadjuvant therapy, type
of Whipple performed (standard vs. pylorus preserving), and
nodal metastases were not associated with an increased trans-
fusion requirement. The overall intraoperative vein resection
rate was 13.6 % (n=95). Not surprisingly, there was an in-
creased transfusion rate in those patients who underwent vein
resection compared with those who did not (51 vs. 41 %), but
this difference did not reach statistical significance (p=0.09).

1.0

= 0.020
0.8 P

0.6 1

No Transfusion
0.4 1

Survival Probability

Transfusion

0.2 1

0.0 T T T T T

0 1 2 3 4 5 6

Disease-Free Survival Duration (years)

Fig. 1 Kaplan-Meier analyses of disease-free and overall survival by
transfusion status. a The median disease-free survival durations for trans-
fusion-free patients (solid line) and for those who received blood (dotted
line) were 18.3 and 13.8 months, respectively. Transfused patients dem-
onstrated significantly shorter disease-free survival compared with
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Survival Analyses

Figure 1a, b depicts the Kaplan-Meier analyses of disease-free
survival and overall survival, respectively, stratified by trans-
fusion status (i.e., whether the patient received a transfusion or
not). The median disease-free survival durations for
transfusion-free patients and for those who received blood
were 18.3 and 13.8 months, respectively. The survival curve
of patients who received 0 units differed from that of patients
receiving any transfusion (log-rank p=0.02). Similarly, the
median overall survival for patients receiving 0 units of
pRBCs vs. those patients who received blood was 21.0 and
14.0 months, respectively. A decrease in overall survival was
noted between these two groups (log-rank p<0.0001).
Figure 2a, b depicts the Kaplan-Meier analyses of
disease-free survival and overall survival, respectively,
stratified by transfusion volume. The median disease-
free survival durations for patients having received O,
1-2, or >2 units were 18.3, 17.8, and 10.2 months,
respectively. The survival curves of patients who re-
ceived 0 units or 1-2 units differed from those of
patients receiving a large transfusion volume of >2 units
(log-rank p<0.001 and log-rank p=0.014, respectively).
The survival curves of patients receiving 0 units and 1-
2 units were not statistically different. A similar
volume-dependent effect was also observed for overall
survival. The median overall survival for patients re-
ceiving 0, 1-2, or >2 units of pRBCs was 21.0, 16.0,
and 11.1 months, respectively. A dose-dependent de-
crease in overall survival across all groups was demon-
strated (log-rank p=0.003 for 0 vs. 1-2 units, log-rank

1.0 1

<0.0001
0.8 P

0.6 1

No Transfusion
0.4

Survival Probability

Transfusion -
0.2 1

................

0.0 T T T T T |

Overall Survival Duration (years)

transfusion-free patients. b The median overall survival durations for
transfusion-free patients (solid line) and for those who received blood
(dotted line) were 21.0 and 14.0 months, respectively. Transfused patients
demonstrated significantly shorter overall survival compared with trans-
fusion-free patients
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0vs. 1-2 units, p = NS
L 1-2 vs. >2 units, p = 0.014
084 : 0 vs. >2 units, p < 0.001
2
%
T 0.6 1
2
o
S 04
z
3
»
0.2 1
0.0 : ; . . B
0 1 2 3 4 5

Disease-Free Survival Duration (years)

Fig. 2 Kaplan-Meier analyses of disease-free and overall survival strat-
ified by transfusion volume. a The median disease-free survival durations
for patients having received 0 (solid line), 1-2 (dashed line), or >2 units
(dotted line) were 18.3, 17.8, and 10.2 months, respectively. Those
patients receiving a large volume transfusion of >2 units of blood

p<0.0001 for O vs. >2 units, and log-rank p=0.003 for
1-2 vs. >2 units).

Survival analyses were repeated following a propen-
sity matching across transfusion volume cohorts. A total
of 136 matched pairs were identified between the 0- and
1- to 2-unit cohorts, 104 pairs between the 1- to 2- and
>2-unit cohorts, and 111 pairs between the 0- and >2-
unit cohorts. After propensity matching, those patients
who received >2 units of pRBCs within the periopera-
tive period demonstrated a worsened disease-free surviv-
al compared with those patients who remained transfu-
sion free (log-rank p=0.028; Fig. 3).

1.0 1

p=0.028

o
)
L

£
._é
S 06 -
g
a , No Transfusion
S 04
Sl I W
3 .
a >2 units
02{ e
0.0 j , : ; ' I
0 1 2 3 ) X 6

Disease-Free Survival Duration (years)

Fig 3 Kaplan-Meier analysis of propensity score matched patients for
disease-free survival stratified by transfusion volume. Those patients
receiving a large volume transfusion of >2 units of blood demonstrated
a significantly decreased survival vs. those who remained transfusion free
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°
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3
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demonstrated a significantly decreased survival vs. those receiving 0 or
1-2 units. b The median overall survival durations for patients receiving 0
(solid line), 1-2 (dashed line), or >2 units (dotted line) of pRBCs were
21.0, 16.0, and 11.1 months, respectively. A significant dose-dependent
decrease in overall survival across all groups was observed

Factors Associated with Decreased Disease-Free Survival

To identify independent variables associated with decreased
disease-free survival, a univariate analysis was first performed
on all clinically relevant patient, operative, and postoperative
variables. The initial univariate analysis (Table 2) identified
sex, diabetes, pylorus-preserving PD, estimated blood loss,
nodal metastases, margin status, deep-vein thrombosis and/or
pulmonary embolism (DVT/PE), and length of stay as poten-
tial independent predictors of decreased disease-free survival
(all p<0.15). Additionally, transfusion volume and transfusion
timing again demonstrated significance and were included in
further analysis. A stepwise multivariate model was then run
with the abovementioned variables included within the anal-
ysis. Under this model, intraoperative transfusion of >2 units
(hazard ratio (HR), 1.92 (95 % confidence interval (CI), 1.18—
3.13), p=0.009) as well as postoperative transfusion of 1-2
units (HR, 1.55 (95 % CI, 1.05-2.28), p=0.026) or >2 units
(HR, 2.06 (95 % CI, 1.31-3.26), p=0.002) were independent-
ly associated with worsened disease-free survival (Table 3).
Additional independent factors associated with disease-free
survival included nodal metastases (HR, 1.38 (95 % CI, 1.00—
1.92), p=0.051), pylorus-preserving PD (HR, 1.51 (95 % CI,
1.05-2.18), p=0.028), and DVT/PE (HR, 3.54 (95 % CI,
1.21-10.33), p=0.021).

Factors Associated with Decreased Overall Survival
A similar analysis was performed to identify variables associ-

ated with decreased overall survival. Significant patient vari-
ables in this model on univariate analysis included age, race,
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Table 2 Univariate analysis, predictors of disease-free survival

Table 2 (continued)

Variable Hazard ratio (95 % CI) p value Variable Hazard ratio (95 % CI) p value
Age 1.01 (0.99-1.02) 0.27 1-2 units 1.37 (0.95-1.98) 0.09
Female 1.23 (0.93-1.63) 0.15 >2 units 2.00 (1.31-3.03) 0.001
Race ) rformed to d he f d
. Univariate analysis was performed to determine the factors associate
Calfcasmn (ret? 1.00 0.38 with decreased disease-free survival. Those patients with an R2 resection
Aftican American 135 (0.82-2.23) 0.24 were excluded from this analysis. Variables with a p value <0.15 (in
Other 1.38 (0.70-2.70) 0.35 italics) were subsequently included in a stepwise multivariate analysis.
Comorbidities Abbreviations: pRBCs packed red blood cells, BMI body mass index (kg/
BMI 0.99 (0.96-1.01) 0.24 m?), SPD standard pancreaticoduodenectomy, PPPD pylorus-preserving
. L02 14 4 pancreaticoduodenectomy, EBL estimated blood loss, OR operating
Heart disease 02 (0.69-1.49) 0.9 room, ref reference variable, C. diff colitis Clostridium difficile colitis,
Smoker 1.16 (0.88-1.53) 0.30 DVT/PE deep-vein thrombosis and/or pulmonary embolism, DGE de-
Diabetes 1.28 (0.96-1.72) 0.10 layed gastric emptying, G/ gastrointestinal, /44 intra-abdominal abscess,
Onerative variables MI/CVA myocardial infarction or cerebrovascular accident, PF/I4A4 pan-
P ] creatic fistula and/or intra-abdominal abscess, SBO small bowel obstruc-
Neoadjuvant Tx 1.33 (0.83-2.13) 0.24 tion, UTY urinary tract infection
PPPD (vs. SPD) 1.42 (1.03-1.96) 0.03
EBL (mL) 1.00 (1.00~-1.00) 0.03 ' ' '
OR time (min) 1.00 (1.00-1.00) 0.58 BM]I, }.1eart dl.see.lse,.dlabetes, anq smoking st.atus (Table 4).
Pathological variables Operative statistics included receipt of neoadjuvant therapy,
Tumor size (cm) 1.01 (0.97-1.05) 065 Whipple .typ.e, EBL, tumor size, nodal metz.istases, and margin
Nodal metasiases 1.25 (0.94-1.66) 0.13 status. Slgnlﬁcant pos.toperatlve factors included DYT/PE,
Marei delayed gastric emptying, uncontrolled hyperglycemia, and
argin status . )
RO (ref) 1.00 length of stay. Transfusion volume (0, 1-2, or >2 units) and
Rl 1.54 (108-2.18) 0.02 trar}sﬁJ51F)n 'tlmlng (intra- vs. postoperatlye) both reached sta-
. . tistical significance on univariate analysis and were therefore
Postoperative complications Iso included in th tivariat del. Next. the st .
Arthythmia 1.45 (0.68-3.08) 034 also .11’1C u cd m .C multivariate model. INext, the .S CpwiIsEC
Bile leak 052 (0.07-3.68) 051 multivariate analysis model was performed. Under this model,
O ) receipt of transfusion: toperativel independently as-
C. diff colitis 0.83 (034-2.01) 0.68 cceipt of transfusions postoperatively was independently as
DVTIPE 219 (0.81-5.90) 0.12 sociated with decreased overall survival (1-2 units: HR, 1.35
DGE 1'42 (0.8(%2.33) 0'17 (95 % CI, 0.99-1.85), p=0.056; >2 units: HR, 2.14 (95 % CI,
B ' 1.41-3.23), p<0.001), while receipt of blood transfusions
GI bleed 1.31(0.42-4.11) 0.64
Hyperglycemia 1.54 (0.63-3.76) 0.34
1AA 1.27 (0.77-2.09) 0.35 Table 3 Multivariate analysis, predictors of disease-free survival
Line infection 1.34 (0.50-3.62) 0.57 K .
Variable Hazard ratio (95 % CI)  p value
MI/CVA 1.07 (0.34-3.34) 091
Pancreatic fistula 0.70 (033—1 48) 0.35 Intraoperaﬁve transfusion 0.002
Pneumonia 1.09 (0.45-2.65) 0.85 0 units (ref) 1.00
SBO 0.77(0.24-2.39) 0.64 1-2 units 0.70 (0.46-1.05) 0.081
UTI 128 (0.73-2.24) 0.40 >2 units 1.92 (1.18-3.13) 0.009
Wound infection 0.78 (0.49-1.24) 0.30 Postoperative transfusion 0.003
Length of stay 1.02 (1.00-1.04) 0.09 0 units (ref) 1.00
Transfusion volume 1-2 units 1.55 (1.05-2.28) 0.026
0 units (ref) 1.00 >2 units 2.06 (1.31-3.26) 0.002
1-2 units 1.09 (0.76-1.56) 0.64 DVT/PE 3.54 (1.21-10.33) 0.021
>2 units 1.78 (1.28-2.47) <0.001  Type of whipple (PPPD vs. SPD)  1.51 (1.05-2.18) 0.028
Intraoperative transfission Nodal metastases 1.38 (1.00-1.92) 0.051
0 units (ref) 1.00
1—2 units 0.83 (0.57-1.21) 0.33 Stepwise multivariate analysis performed on all variables with univariate
] ' T ’ p values <0.15 as seen in Table 2.
>2 units 2.09 (1.32-3.29) 0.002 - _ , _
. . Abbreviations: ref reference variable, PPPD pylorus-preserving
Postoperative transfusion 0.003

0 units (ref)
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pancreaticoduodenectomy, SPD standard pancreaticoduodenectomy,
DVT/PE deep-vein thrombosis and/or pulmonary embolism
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Table 4 Univariate analysis, predictors of overall survival Table 4 (continued)
Variable Hazard ratio (95 % CI) p value Variable Hazard ratio (95 % CI) p value
Age 1.01 (1.00-1.02) 0.07 0 units (ref) 1.00 -
Sex (F vs. M) 0.99 (0.81-1.23) 0.99 1-2 units 1.38 (1.05-1.81) 0.02
Race >2 units 2.01 (1.41-2.88) <0.001
Caucasian (ref) 1.00 - o ) ] ]
iem morin 141095209 pop Uit sl s el 1 decmine e, il
Other 1.11 (0.57-1.88) 0.97 were subsequently included in a stepwise multivariate aITalysis.
Comorbidities Abbreviations: pRBCs packed red blood cells, BMI body mass index (kg/
BMI 0.98 (0.96-1.00) 0.09 m?), SPD standard pancreaticoduodenectomy, PPPD pylorus-preserving
Heart disease 1.39 (1.06-1.84) 0.02 pancreaticoduodenectomy, EBL estimated blooq !oss, QR .operat.ir.lg
room, ref reference variable, C. diff colitis Clostridium difficile colitis,
Smoker 1.36 (1.10-1.68) 0.005 DVT/PE deep-vein thrombosis and/or pulmonary embolism, DGE de-
Diabetes 1.26 (1.00-1.58) 0.048 layed gastric emptying, G/ gastrointestinal, /44 intra-abdominal abscess,
Operative variables MI/CVA myocardial infarction or cerebrovascular accident, SBO small
Neoadjuvant therapy 131 (0.92-1.87) 0.13 bowel obstruction, U7/ urinary tract infection
PPPD (vs. SPD) 1.46 (1.14-1.86) 0.002
EBL (mL) 1.00 (1.00-1.00) 0.004 intraoperatively was not (Table 5). Additional independent
OR time (min) 1.00/(1.00-1.00) 091 predictors of decreased survival within this model included
Pathological variables an R1 (HR, 1.36 (95 % CI, 1.01-1.85), p=0.04) or R2 (HR,
Tumor size (om) 1.04 (1.00-1.07) 0.04 8.2 (95 % CI, 2.40-27.98), p<0.001) margin status, smoking
Nodal metastases 1.49 (1.19-1.87) 0001 status (HR, 1.54 (95 % CI, 1.18-2.00), p=0.002), tumor size
Margin status (HR, 1.04 (95 % CI, 1.00-1.08), p=0.04), nodal metastases
RO (ref) 1.00 - (HR, 1.4 (95 % CI, 1.06-1.85), p=0.02), DVT/PE (HR, 2.71
R1 L.71(1.35-2.17) <0001 (95 % CI, 1.29-5.69), p=0.009), and delayed gastric empty-
R2 6.67 (2.94-15.14) <0.001" " ing (HR, 2.13 (95 % CI, 1.35-3.36), p=0.001). Higher BMI
Postoperative complications was found to be slightly protective (HR, 0.98 (95 % CI, 0.94—
Arrhythmia 1.41 (0.70-2.84) 0.34 0.99), p=0.047).
Bile Leak 0.98 (0.32-3.07) 0.98
C. diff colitis 0.84 (0.44-1.64) 0.62 Table 5 Multivariate analysis, predictors of overall survival
DVT/PE 2.85(1.47-5.55) 0.002 . .
Variable Hazard ratio (95 % CI) p value
DGE 1.74 (1.21-2.51) 0.003
GI bleed 1.50 (0.62-3.63) 0.37 Intraoperative transfusion - NS
Hyperglycemia 1.74 (0.82-3.69) 0.15 Postoperative transfusion - <0.001
TAA 0.97 (0.60-1.55) 0.88 0 units (ref) 1.00 _
Line infection 1.32 (0.49-3.54) 0.59 1-2 units 1.35 (0.99-1.85) 0.056
MI/CVA 1.53 (0.63-3.70) 0.35 >2 units 2.14 (1.41-3.23) <0.001
Pancreatic fistula 1.08 (0.59-1.97) 0.80 Margin status - <0.001
Pneumonia 0.69 (0.31-1.54) 0.36 RO (ref) 1.00 —
SBO 0.69 (0.26-1.85) 0.46 R1 1.36 (1.01-1.84) 0.04
UTI 1.06 (0.66-1.71) 0.81 R2 8.20 (2.40-27.98) <0.001
Wound infection 1.24 (0.89-1.72) 0.21 BMI 0.98 (0.94-0.99) 0.047
Length of stay 1.02 (1.00-1.03) 0.02 DVT/PE 2.71 (1.29-5.69) 0.009
Transfusion volume Delayed gastric emptying 2.13 (1.35-3.36) 0.001
0 units (ref) 1.00 - Smoker 1.54 (1.18-2.00) 0.002
1-2 units 1.39 (1.07-1.79) 0.01 Nodal metastases 1.40 (1.06-1.85) 0.02
>2 units 2.18 (1.65-2.84) <0.00I  Tumor size 1.04 (1.00-1.08) 0.04
Intraoperative transfusion
0 units (ref) 1.00 _ Stepwise multivariate e}nalysis performed on all \./ariables wi.th univarigte
) p values <0.15 as seen in Table 4. Note, on stepwise multivariate analysis,
1=2 units 1.11 (0.85-1.45) 0.45 the variable “Intraoperative transfusion” did not enter the final model.
>2 units 1.70 (1.21-2.41) 0.003

Postoperative transfusion

Abbreviations: ref reference variable, BMI body mass index (kg/m>),
DVT/PE deep-vein thrombosis or pulmonary embolism
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Discussion

This multi-institutional report represents the largest study to
date investigating the deleterious association between periop-
erative blood transfusion and survival on patients with adeno-
carcinoma of the head of the pancreas undergoing curative
PD. Within this heterogeneous oncologic patient population,
we report an overall transfusion rate of 42 % —well within
recent historical norms for patients undergoing this procedure.
By limiting our analysis to patients undergoing PD for a
diagnosis of adenocarcinoma, we likely selected for a group
of patients which ultimately required more blood product as
compared with those undergoing PD for nonmalignant diag-
noses. A study by Chu et al.** confirms this, demonstrating
that undergoing PD for cancer was associated with higher
estimated blood loss and increased transfusion rate compared
with patients undergoing the same procedure for surgical
management of chronic pancreatitis. Additionally, a single
institution audit of the transfusion requirements of all oncol-
ogy patients®* identified pancreatic cancer as the malignancy
with the highest increase in transfusion rate over their 3-year
study period, a factor the authors attributed to the difficulty of
the surgery as well as the increasing rate of patients receiving
neoadjuvant and adjuvant chemotherapy.

In addition to the known immunosuppressive effects of
chemotherapy and radiotherapy, allogeneic blood transfusion
has previously been shown to be immunosuppressive. While
initial reports suggested a benefit of immunosuppression in
transplanted graft survival,' current reports discuss the ad-
verse effects of undergoing allogeneic blood transfusion. De-
spite the precipitous decline in the transmission of blood-
borne viruses such as human immunodeficiency virus (HIV)
and hepatitis C that once plagued allogeneic blood transfu-
sion, blood transfusion still remains a significant source of
infection-related morbidity.>® Early reports implicated the leu-
kocytes within transfused blood in the suppression of T lym-
phocyte and natural killer-driven host cellular responses.'*
Interestingly, despite the association between blood transfu-
sion and increased rate of recipient infection, our transfused
patient cohort did not demonstrate an increased infection rate
as compared with the transfusion-free cohort.

This same suppression of the innate immune response is
thought to underplay the association of blood transfusion and
cancer recurrence. Barnett and colleagues have published
several studies investigating the accumulation of pro-cancer
cytokines within the plasma fraction of stored pRBCs.'? In a
similar study, they discovered that delivery of the acellular
plasma fraction of stored pRBCs to mice previously infected
with pancreatic cancer demonstrated increased tumor growth
and lymph node metastases compared with transfusion-free
mice previously inoculated with the same pancreatic cell line.
Though the presence of leukocytes and their associated cyto-
kines certainly play a role in TRIM, sufficient evidence exists
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for non-leukocyte products within the stored units such as
ubiquitin'® to play an immunosuppressive role. It is hypothe-
sized that this perioperative state of immunosuppression could
temporarily handicap the innate immune system and allow for
renegade micrometastatic tumor cells to go undetected at the
time of surgical resection, allowing for local and distant met-
astatic spread. This is a factor of great significance in pancreas
cancer, in which a significant number of patients may have
systemic disease at the time of surgery. Despite these proposed
mechanisms, no clear and indisputable source has yet to be
identified within units of pRBCs which confer such an immu-
nosuppressive effect. The specific source underlying this as-
sociation remains elusive, and we continue to challenge our
basic science and translational research colleagues to identify
the mechanism(s) involved.

In our study, we have demonstrated that patients who
received a perioperative transfusion volume of >2 units of
pRBCs experienced significantly earlier disease recurrence as
well as significantly decreased overall survival on Kaplan-
Meier survival analyses. Additionally, receiving any amount
of transfusion postoperatively was found to be independent
predictor of earlier disease recurrence on multivariate analysis.
Only receipt of a high volume postoperative transfusion was
associated with a negative prognosis for overall survival on
multivariate analysis, while receipt of intraoperative transfu-
sion was not found to be an independent predictor of de-
creased overall survival. Two of the largest single-center stud-
ies published to date investigating transfusion-related out-
comes following PD, one from Emory'® and the other from
Memorial Sloan Kettering,'” both also identified postopera-
tive transfusion as an independent predictor of decreased
survival. While the Memorial Sloan Kettering study only
looked at the primary endpoint of overall survival, the Emory
study also identified postoperative transfusion as an indepen-
dent predictor of disease-free survival within their cohort. The
mechanism underlying the discrepant outcomes dependent
upon timing of transfusion (i.e. intra- vs. postoperatively) is
currently unclear. One may hypothesize that postoperative
transfusion provides the patient an additional immunosup-
pressive episode following the initial immunosuppressive sur-
gery itself, thus providing a “two-hit” model and resulting in
synergistic suppression of endogenous immunosurveillance.
This phenomenon of the impact of transfusion warrants future
study to truly elucidate the underlying mechanism.

Unique to this current study compared with the
abovementioned studies was the negative prognostic associa-
tion of receipt of a high-volume (>2 units) intraoperative
transfusion on disease-free survival (HR, 1.92 (95 % CI,
1.18-3.13), p=0.009). This effect was absent in the patient
population that received a smaller intraoperative transfusion
of only 1-2 units and also had no effect on overall survival.
Neither the Memorial Sloan Kettering study nor the Emory
study demonstrated such an effect. The data from Emory
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demonstrated a slight trend towards decreased overall survival
in patients who received any intraoperative transfusion; how-
ever, due to their relatively smaller sample size as well as
shorter survival/follow-up duration, this effect was not signif-
icant. Additionally, unlike the current study, those patients
were analyzed in an all-or-none fashion, whereas the current
study was stratified by transfusion volume. Only the receipt of
a larger transfusion volume (i.e., >2 units of pRBCs) was
identified as a significant predictor of decreased overall sur-
vival; a transfusion of 1-2 units was not significant on multi-
variate analysis.

The negative prognostic effect of intraoperative transfu-
sions has been studied previously. A study from Cameron
et al. from The Johns Hopkins University”® initially reported
the finding that intraoperative blood transfusion was a signif-
icant prognostic factor among 81 patients undergoing PD for
pancreatic cancer. However, in their follow-up report'’ re-
leased several years later, this initial finding was no longer
significant with the addition of more patients and a longer
follow-up period. Alternatively, one study found that an intra-
operative transfusion of >3 units pRBCs was an independent
poor prognostic factor for patients with ampullary cancer
undergoing curative PD.'® Similarly, another study from
Korea”’ identified intraoperative transfusion as an indepen-
dent poor prognostic factor for patients with ampullary cancer
but not adenocarcinoma of the head of the pancreas. Despite
the current controversy between studies, it is clear that signif-
icant intraoperative blood transfusion volume is associated
with long-term morbidity and mortality. An appropriately
designed randomized trial may provide a more definitive
answer of a causal relationship, but its design would be
challenged by the logistical and ethical limitations of with-
holding blood transfusions from severely anemic patients.

Some researchers propose the negative prognostic survival
effects associated with perioperative blood transfusions are
associated with patient and operative factors (e.g., more ag-
gressive tumor biology associated with local invasion and
potential for vascular resection) rather than the immunosup-
pressive effect of the transfusion itself. For example, in a study
published in the Annals of Surgery in 1994, Busch and col-
leagues investigated the patterns of tumor recurrence in 420
patients undergoing curative-intent operations for colorectal
cancer.”® These authors concluded that the association be-
tween blood transfusion and prognosis in colorectal cancer
resulted from the perioperative circumstances that necessitate
transfusions, leading to the development of local recurrences
but not of distant metastases. It should be noted, however, that
the tumor biology and disease processes of colorectal cancers
differ greatly from those of pancreatic cancer. Specifically,
pancreatic cancer is often systemic at the time of initial diag-
nosis, and the vast majority of pancreatic cancer patients who
recur harbor evidence of distant metastases. Additionally,
although patient demographics did vary between transfusion

cohorts, the propensity-matched analysis still identified a
disease-free survival advantage for those patients who
remained transfusion-free in the perioperative period.

Like most retrospective studies, ours is not without limita-
tions. Despite the multi-institutional nature of this study and
subsequently large sample size, data from individual institu-
tions are subject to individual practice biases. For example,
surgeons from different institutions may have varying triggers
for transfusion; as such, specific transfusion triggers and pre-
operative hemoglobin levels were not investigated. We feel,
however, that the potential for various transfusion thresholds
creates a more heterogeneous patient population, much more
representative of pancreatic cancer patients at-large. This pa-
tient heterogeneity may therefore strengthen the correlation
between transfusion and decreased survival. Within our study,
transfusion rates across institutions varied from 15 to 67 %
with an average transfusion volume of 0.4-2.6 units per
patient across institutions. While data regarding receipt of
neoadjuvant therapy were included in this study, data regard-
ing receipt of adjuvant therapy were not available for all
institutions and therefore were not included in the analyses.
Given that these patients were all treated at institutions which
perform high volumes of pancreaticoduodenectomies, the au-
thors presume an equal number from each transfusion study
cohort did and did not receive adjuvant therapy postoperative-
ly. Additionally, given the retrospective nature of this study, it
is possible that infectious complications were under-reported
and therefore underestimated the true infection rates. Several
studies have identified significant intraoperative blood loss
(cutoffs 0f 400 mL*’ or 2,000 mL*°) as independent predictors
of decreased survival, attributing the anemia and associated
local trauma and inflammation to the physiologic insult pre-
disposing to poorer early (i.e., infectious) and late (i.e., sur-
vival) outcomes. While higher EBL was significant in our
univariate models, it did not reach significance on our final
multivariate models for either disease-free or overall survival.
Despite this, it is clear that higher EBL is associated with
higher intraoperative (and likely postoperative) transfusion
requirements, and that the poor prognosis of transfused pa-
tients is multifactorial and likely related to blood loss, local
and systemic tissue inflammation, and the immunosuppres-
sive effects of allogeneic blood transfusion.

Conclusions

Our current study represents the first multi-institutional report
analyzing the effects of perioperative blood transfusion on
outcomes of patients undergoing PD. Significant periopera-
tive anemia within oncologic patients is multifactorial. Preop-
erative factors including anemia of chronic disease, malnutri-
tion, and anemia secondary to neoadjuvant chemoradiothera-
py; intraoperative blood loss secondary to operating within a
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highly vascularized surgical field; and postoperative chemo-
prophylaxis and chemotherapy, all contribute to the anemia
experienced by oncologic patients. Despite the controversy
within the literature regarding blood transfusion and patients
with pancreatic adenocarcinoma undergoing PD, our multi-
institutional study confirms the association between perioper-
ative blood transfusion and deleterious long-term survival
effects on this patient population. Across all institutions,
42 % of patients underwent perioperative blood transfusion.
This was not associated with increased infection rates, yet was
associated with significantly decreased disease-free and over-
all survival. We certainly would not advocate withholding
transfusions in severely anemic patients in need of blood to
mitigate this risk; however, a significant effort should be made
to address and optimize all modifiable risk factors. Nutritional
optimization, growth factors, meticulous surgical technique,
and novel blood conservation techniques can all be utilized to
minimize anemia and reduce the risks associated with blood
transfusion in this already vulnerable patient population.
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