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Abstract

Objective The aim of this study was to determine the gene is spelled excision repair cross-complementing gene 1 (ERCC1)
RNA-expression in peripheral blood as a non-invasive molecular predictor of response to neoadjuvant radio-chemotherapy
in patients with locally advanced cancer of the esophagus.

Background Only patients with locally advanced cancer of the esophagus with a major histopathological response to
neoadjuvant radio-chemotherapy benefit from this treatment. No non-invasive molecular marker exists that can reliably
predict response to neoadjuvant therapy in this disease. To improve the treatment of patients with cancer of the esophagus,
molecular predictors of response are desperately needed.

Methods Blood samples were drawn from 29 patients with esophageal cancer prior to neoadjuvant radio-chemotherapy.
After extraction of cellular tumor-RNA from blood samples, quantitative expression analysis of ERCC1 was done by real-
time reverse transcription polymerase chain reaction.

Results Nineteen (65.5%) patients showed a minor and ten (34.5%) a major histopathological response to neoadjuvant
therapy. ERCC1 expression in blood of patients was detectable in 82.8%. The median ERCC1 expression was 0.62
(minimum 0.00, maximum 2.48) in minor responders and 0.24 (minimum 0.00, maximum 0.45) in major responders (p=
0.004). No significant associations were detectable between ERCCI1 levels and patients’ clinical variables. Relative ERCC1
levels above 0.452 were not associated with major histopathological response (sensitivity, 68.4; specificity, 100%), and 13
of 19 patients with minor response could be unequivocally identified.

Conclusion Minor responders to the applied therapy show a significant higher ERCC1 expression level in their blood
compared to major responders. ERCC1 appears to be a highly specific non-invasive predictor of response to neoadjuvant
therapy in esophageal cancer.
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Introduction

In recent years, neoadjuvant therapy strategies have been
applied to improve survival in patients with locally
advanced esophageal cancer.' However, it has been
shown that only patients with a major histopathological
response benefit from this treatment.* These regimens can
be extremely grueling and might lead to many complica-
tions, including mucositis, pancytopenia, infection, tumor
progression, and rarely, death.> Therefore, predictive
molecular markers indicating response or non-response to
neoadjuvant treatment would be extremely helpful for
future individualized therapy strategies in cancer of the
esophagus.

Several candidate molecular response markers to neo-
adjuvant therapy in esophageal cancer have been discovered
in the last couple of years.®'? However, all of these potential
markers are of invasive nature, meaning it is mandatory to
obtain tumor tissue for molecular analysis by at least a
biopsy during esophagogastroscopy. We have recently
developed a method to quantify tumor-specific mRNA in
peripheral blood of patients with gastrointestinal malignan-
cies."”” A non-invasive molecular marker would ultimately
improve response prediction and enable on-line monitoring
of therapy success or failure in neoadjuvant therapies.

One of the most promising molecular markers for
response prediction is the excision repair cross-comple-
menting 1 (ERCC1). ERCC1 mRNA expression has been
reported to be associated with non-response to neoadjuvant
cis-diamminedichloridoplatinum(II) (CDDP)-based chemo-
therapy in gastric cancer, colonic cancer, and non-small cell
lung cancer.*'® More interestingly, high ERCC1 mRNA
expression in tumor tissue of patients with locally advanced
esophageal cancer has been significantly associated with
histopathological minor response to neoadjuvant radio-
chemotherapy (5-FU, cis-Platin, 36Gy) in this disease.’

The purpose of this prospective study was to investigate
the potential of quantitative ERCC1 RNA expression in
peripheral blood of patients with locally advanced, resect-
able esophageal cancers as a non-invasive molecular
predictor of histopathological response to neoadjuvant
radio-chemotherapy in this disease.

Materials and Methods
Study Population, Demographic Data, and Neoadjuvant

Therapy All patients were recruited from an ongoing
clinical trial on neoadjuvant radio-chemotherapy for esoph-
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ageal cancer. None of the patients had prior radio- and/or
chemotherapy. Twenty-nine consecutive patients (median
age, 61 years; age range, 41-71 years; gender, 23 men and
six women, 18 adenocarcinomas and 11 squamous cell
carcinomas) with locally advanced, resectable esophageal
cancers (cT2-4, Nx, M0) were offered standardized neo-
adjuvant radio-chemotherapy. Clinical staging was based
on a barium swallow, endoscopic ultrasound, and computed
tomography of chest and abdomen. CDDP (20 mg m >
day ') was administered as a short-term infusion on days 1—
5, and 5-fluorouracil (1,000 mg m > day ') was adminis-
tered as a continuous infusion over 24 h on days 1-5.
Radiation therapy was administered by linear accelerators
with 10- to 15-MV photons. Radiation was delivered in
daily fractions of 1.8 Gy (days 1-5, 8-12, 15-19, and 22—
26) to a total dose of 36 Gy using a multiple-field
technique. Surgical resection was performed 4-5 weeks
after completion of chemo radiation after clinical restaging
using the same procedures as for primary staging. Stan-
dardized transthoracic en bloc esophagectomy with two-
field lymphadenectomy and reconstruction by gastric tube
interposition with high intrathoracic anastomosis was
performed in all patients.'” Informed consent was obtained
from each patient, and the scientific protocol was approved
by the local ethics committee.

The degree of histomorphological regression was classi-
fied into four categories according to Schneider et al.:* (a)
grade I, >50% vital residual tumor cells; (b) grade II, 10—
50% vital residual tumor cells; (c) grade III, nearly
complete response with <10% vital residual tumor cells;
and (d) grade IV, complete response (pCR, ypTO).
Regression grades III and IV were considered as major
histomorphological response (MaHR) compared with
grades I and II constituting minor histopathological re-
sponse (MiHR).

Blood Procurement, Tumor Cell Enrichment, and RNA
Extraction Twenty milliliters of whole blood was drawn
prior to the start of the neoadjuvant therapy using 5 ml
citrate tubes (Sarstedt, Numbrecht, Germany). Blood
samples were immediately further processed for the
enrichment of disseminated circulating tumor cells by
density gradient centrifugation using a kit (OncoQuickl,
Hexal, Frickenhausen, Germany) as reported by Hoffmann
et al.’® In brief, 20 ml of whole blood was transferred in
supplied 50 ml polypropylene tubes containing a porous
barrier and separation medium and centrifuged for 20 min
(1,600xg, 48°C). Cells were separated according to their
different buoyant densities, and the circulating tumor cells
got enriched in a layer formed between plasma and
separation medium. This cell fraction was transferred into
polypropylene tubes containing 50 ml washing buffer
followed by centrifugation for 10 min to eliminate
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contaminating platelets. This washing step was repeated
once, and according to the manufacturer’s protocol, a
detection limit of 1.46 tumor cells in 20 ml of whole blood
could be achieved. Total cellular RNA from this pellet of
enriched tumor cells was extracted using the Purescript1 kit
(Gentral, Hamburg, Germany) according to the manufac-
turer’s recommendation.

Direct Quantitative Real-Time Reverse Transcription
Polymerase Chain Reaction Generation of cDNA was
performed using oligo (dT)18 primers and MMLV reverse
transcriptase (Moloney Murine Leucemia Virus, Clontech
AdvantageTM Kit, Palo Alto, CA, USA). Direct quantitative
real-time reverse transcription polymerase chain reaction (RT-
PCR) (TagManTM, ABI PRISM 7900 HT Sequence Detec-
tion System Applied BiosystemsTM, Darmstadt, Germany)
assays were performed in triplicates to determine ERCCI
mRNA expression levels.'®'? The primers and probes for
ERCC1 mRNA detection were designed as reported by our
group:” ERCC1, 5-AGC CGC CCA TGG ATG TAG T-3',
reverse primer: 5-TGG GAA TTT GGC GAC GTA A-3/,
TagMan Probe: 5'-CCC TGT TCC TCA GCC TCC GCT
ACC-3'. Thermal cycling conditions for ERCC1 and for b-
actin were 2 min at 50°C and 10 min at 95°C for initial
denaturation followed by 40 cycles of 95°C for 15 s and 60°
C for 60 s. One microgram of human placental total cellular
RNA (ClontechTM Lab, Palo Alto, CA, USA) was used to
control each run of reverse transcription. This ¢cDNA was
used in serial dilutions as standard for the quantitative real-
time RT-PCR. Triplicates of the blood samples were assayed
in each run. ERCCI levels were standardized for b-actin
(ratio ERCCl1/b-actin) to account for loading differences as
extensively described.?

Statistical Analysis Gene expression levels were described
using the median as a point estimator and the range of values.
Cutoff values for discrimination of mRNA expression levels
and histopathological response were derived from receiver
operating curve data (ROC; area under the curve and the 95%
confidence interval).”’ Associations between gene expression
levels and clinicopathological parameters were evaluated
using XZ, Wilcoxon rank test, Mann—Whitney test, or ¢ test
applying Fisher’s exact testing for significance (Software
Package SPSS for Windows,Version 15.0; SPSS, Chicago,
IL, USA). The level of significance was set to p<0.05. All p
values are given for two-sided testing.

Results

RNA expression peripheral blood of patients was detectable
for ERCC1 in 82.8% (24 of 29) and 100% (29 of 29) for

beta-actin. The median relative ERCC1 RNA expression
level standardized for beta-actin was 0.41 (range, 0-2.49).

The response frequencies for the 29 resected tumors
were as follows: 34.5% (ten of 29) of the tumors
demonstrated major (grades III and IV) histopathological
response, and 65.5% (19 of 29) of the tumors demonstrated
minor histopathological response (grades I and II) to our
neoadjuvant treatment regimen. The median ERCC1 ex-
pression was 0.62 (minimum 0.00, maximum 2.48) in
minor responders and 0.24 (minimum 0.00, maximum
0.45) in major responders and was significantly different
(»=0.004 Mann—Whitney test, Fig. 1). No significant
associations were detected between the median ERCClI
expression in patient’s blood and clinicopathological
variables (Table 1).

In Fig. 2, individual relative ERCC1 expression levels
were blotted against the respective regression grades. ROC
analysis was applied to determine an ERCC1 expression
value that best segregates patients into minor or major
responders. An ERCC1 expression level of 0.452 was
determined as an optimal cutoff value to identify minor
histopathological response to neoadjuvant therapy. Table 2
shows the association between major and minor histopath-
ological response groups and dichotomized relative ERCC1
expression levels for the whole study group (#=29). The
sensitivity for detection of a minor histopathological
response was 68.4% with a specificity of 100% (area under
the curve, 0.89; 95% confidence interval, 0.67-98). This
association of dichotomized ERCC1 mRNA levels and
histopathological response was highly significant (p<
0.001) as shown in Table 2. There were no significant
associations between dichotomized maximum cutoff values
for ERCC1 expression and clinicopathological variables.
Histopathological response was not significantly associated
with clinicopathological variables (i.e., histology, gender,
and tumor stage). In summary, quantitative ERCC1 RNA
expression testing in peripheral blood unequivocally iden-
tified 13 of 29 (44.8%) patients whose tumors will not
exhibit a major histopathological response to the applied
neoadjuvant radio-chemotherapy with a specificity of
100%.

Discussion

In the current study, we identified high ERCCI1 RNA
expression in peripheral blood of patients with locally
advanced esophageal cancer as a non-invasive molecular
predictor of minor histopathological response to neoadju-
vant radiochemotherapy in this disease.

Because DNA is the primary cellular target for both
chemotherapy- and radiation-induced damage, DNA repair
efficiency could be a limiting factor for therapeutic response,

@ Springer



1818

J Gastrointest Surg (2008) 12:1815-1821

Figure 1 Box and whisker 250
plots of relative ERCC1 expres-
sion levels in blood of minor
and major responders to neo-
adjuvant therapy. The boxes
show the 25th and 75th percen-
tile (interquartile) ranges. Medi-
an values are shown as a
horizontal black bar within each
box. The whiskers show levels
outside the 25th and 75th per-
centiles but exclude far outlying
values, which are shown above
the boxes.
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preventing tumor cells from undergoing the process of
apoptosis. In this study, we have shown a significant
association between ERCC1 RNA expression levels in serum
of patients with locally advanced cancer of the esophagus and
minor histopathological response to CDDP-based neoadju-
vant radiochemotherapy. In fact, quantitation of ERCC1 RNA
expression in peripheral blood by real-time reverse transcrip-
tion-PCR unequivocally identified 13 of 29 patients whose
tumors did not exhibit (specificity, 100%) a major histopath-
ological response to the applied neoadjuvant radiochemother-
apy. This result adds another piece to the puzzle of molecular
response prediction by ERCCI1. Associations with clinical

mincr response major response
=18 n=10

response and ERCC1 mRNA expression have been demon-
strated for adjuvant and neoadjuvant chemotherapy in various
solid cancers, for example, gastric or colon cancer.'*'"
Recently, we have demonstrated that high ERCC1 mRNA
expression in tumor tissues of patients with locally advanced
esophageal cancer is significantly associated with histopath-
ological minor response to neoadjuvant radio-chemotherapy
(5-FU, cis-Platin, 36 Gy) in this disease.” Interestingly, the
results obtained in the previous study are similar to the
current one. High ERCC1 RNA expression in tumor tissues
was significantly (sensitivity 62.5; specificity 100%) associ-
ated with minor histopathological response to neoadjuvant

Table 1 Association of

ERCC1 Expression in Blood Parameter n Median ERCC1 expression P
and Clinicopathological
Variables Gender
Male 23 0,41 (minimum 0; maximum 1.68) n.s.
Female 0,39 (minimum0; maximum 2.48)
ypT status n.s
pTo 4 0.26 (minimum 0.01; maximum 0.45)
pT, 3 0.20 (minimum 0; maximum 0.27)
pT> 5 0.01 (minimum 0; maximum 1.31)
pTs 17 0.62(minimum 0; maximum 2.48)
ypN status n.s
pNo 15 0.33 (minimum 0; maximum 1.31)
pN; 14 0.47 (minimum 0; maximum 2.48)
Histology n.s.
Squamous cell ca 11 0.45 (minimum 0; maximum 2.48)
Adenocarcinoma 18 0.39 (minimum 0; maximum 1.68)
Histopathological response 0.004°
n.s. Not significant, n number Minor 19 0.62 (minimum 0; maximum 2.48)
of patients Major 10 0.24 (minimum 0; maximum 0.452)

# Mann—-Whitney test

@ Springer




J Gastrointest Surg (2008) 12:1815-1821 1819
Figure 2 Scattergram showing 250 °
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radio-chemotherapy in locally advanced cancer of the
esophagus. In the current study, we obtained similar results
by analyzing ERCC1 RNA expression in peripheral blood
of patients with locally advanced cancer of the esophagus
that undergo neoadjuvant therapy. In concordance, high
ERCC1 RNA expression in peripheral blood was signif-
icantly associated with minor histopathological response
with a sensitivity of 68.4 and specificity of 100%. These
results fit with intuition. The patients in the two studies
were treated with exactly the same neoadjuvant radio-
chemotherapy protocol. Furthermore, the methods for
quantitative ERCC1 RNA expression analysis were
identical, i.e., primers and probes, TagMan, cycling
conditions, etc. The only difference was the collection of
samples for expression analysis. While the previous study
used tumor tissues obtained during endoscopy, this study
used peripheral blood samples for molecular analysis.
These results suggest that free circulating ERCC1 RNA in
peripheral blood reflects the molecular situation in the

minor response major response
n=19 n=10

primary cancer of the esophagus, which has also been
suggested by results from other studies.”'*?

To the best of our knowledge, this is the first study to
successfully report a non-invasive molecular marker of
response to neoadjuvant therapy in locally advanced cancer
of the esophagus. These results have several important
applications. First of all, a subset of patients could be
unequivocally identified as minor responders to neoadju-
vant radio-chemotherapy by a simple peripheral blood test
with a high sensitivity (68.4%) but more important with a
specificity of 100%. Furthermore, changes in gene expres-
sion could be easily followed longitudinally during therapy
or during follow-up by a simple blood draw from each
patient, as has been shown by other studies.'®?"?
Hoffmann et al.'* demonstrated that complete surgical
resection of gastrointestinal malignancies was associated
with a significantly decreased Survivin RNA expression in
peripheral blood, and Fiegl et al.** showed an association of
blood DNA methylation with response to adjuvant tamox-

Table 2 ERCC1 RNA Expression in Blood and Response to Therapy: Prediction of Minor Histopathological Response (ERCC1>0.452):
Sensitivity 68.4%; Specificity 100%; x> analysis (Fisher’s exact test), p<0.001

ERCCl1 Regression grading

MiHR MaHR Total
<0.452 6 (21) 10 (34) 16 (55)
>0.452 13 (45) 0(0) 13 (45)
Total 19 (65) 10 (35) 29 (100)

Values represent n (%) throughout the table.

ERCCI Dichotomized ERCC1 RNA levels, MiHR minor histopathological response, MaHR major histopathological response
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ifen therapy to breast cancer. However, these promising
results for the development of blood-based molecular
markers for different therapies of solid tumors have to be
investigated in further studies.

We can expect, however, that the measured cutoff value
in this pilot study might change with increasing numbers of
patients analyzed in large prospective trials. At this point,
the median follow-up is too short to allow a meaningful
evaluation between the association of ERCC1 expression
levels in peripheral blood and survival in our protocol.
Since this is an ongoing trial, we might be able to identify a
prognostic cutoff value with increasing time of follow-up
and numbers of patients analyzed. However, it has been
demonstrated in the past that only patients with major
histopathological responses benefit from this type of
treatment independent of the applied protocol.'**

In the current study, both adenocarcinoma and squamous
cancer were included because the treatment of both cancers
is identical.' In addition, several studies have revealed
similarities between these two tissue types.”* Furthermore,
in our study, the response to treatment did not differ,
irrespective of tissue type. Although the patient cohort in
this study was relatively moderate in size, the demographics
showed a homogeneous cohort, and the protocol for the
applied neoadjuvant radiochemotherapy was absolutely
uniform in all patients.

Conclusion

In conclusion, the present results of this ongoing study are
promising, and it appears that we unequivocally identify
approximately 40% of patients by a simple peripheral blood
test that fulfills the criteria for neoadjuvant treatment for
locally advanced esophageal cancer but will not benefit from
our treatment protocol. Our results suggest quantification of
ERCCI1 RNA expression in peripheral blood as a potential
non-invasive marker for response prediction to neoadjuvant
radio-chemotherapy in locally advanced cancer of the
esophagus. This might prevent our patients from expensive,
noneffective, and potentially harmful therapies and lead to a
more individualized type of multimodal treatment in the near
future based on a non-invasive molecular test. Future studies
are warranted to determine the value of quantitative ERCC1
RNA expression analysis in peripheral blood for prediction of
response to neoadjuvant therapy in esophageal cancer.
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Abstract

Introduction Previous studies identified an association between dilated pancreatic and biliary ducts and lower rates of
pancreatic leak after pancreaticoduodenectomy, but it remains unclear whether elevated liver function tests are also
associated with lower rates of complications. The purpose of this study was to determine if preoperative liver function tests
are associated with postoperative complications.

Materials and Methods We identified 452 patients who received a pancreaticoduodenectomy from 1990-2007.
Clinicopathological data was collected for each patient, and regression analyses were performed to identify predictors of
postoperative complications.

Results Of the patients studied, 289(64%) experienced no postoperative complications. In univariate analysis, patients with
a low or normal preoperative aspartate aminotransferase (p=0.03) or alkaline phosphatase(p=0.03), had higher rates of
complications. Multivariate analysis confirmed an elevated alkaline phosphatase was associated with a lower incidence of
complications (OR=0.56, p=0.02), while preoperative anemia was found to be a predictor of complications following
pancreaticoduodenectomy(OR=2.01, p=0.02).

Conclusion Anemic patients and those with normal liver function tests were more likely to experience complications after
pancreaticoduodenectomy. This may represent extent of disease and tumors not causing biliary or pancreatic dilatation,
respectively. Precautions, such as intraoperative ductal stents, should be considered when operating on this group of patients
to minimize complications.
Keywords Pancreaticoduodenectomy - Introduction
Preoperative laboratory values - Postoperative complications

Pancreaticoduodenectomy (PD) remains the standard surgi-
cal treatment for various pathologies of the pancreas and
the periampullary area. In the period immediately following
its inception, the procedure was associated with signifi-
cantly high rates of intraoperative and postoperative
complications, including a mortality rate of nearly 20%. "
However, advances in surgical techniques and postopera-
tive critical care have dramatically improved surgical
outcomes after PD.>™® Several studies have demonstrated
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significant reductions in both morbidity and mortality
associated with PD, especially in high-volume centers.” '

Nonetheless, PD remains a complicated surgical proce-
dure that can significantly impact a patient’s subsequent
quality of life. Despite improvements in perioperative care,
certain complications such as pancreatic leak, delayed
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gastric emptying, intra-abdominal abscess, and hemorrhage
are relatively common after surgery and can adversely
affect patients’ health and recovery.'*'®

A few studies have investigated preoperative factors that
might predict postoperative complications following PD in
order to better anticipate and address postoperative mor-
bidity. These studies have addressed anatomic factors, duct
size, and texture of the pancreatic remnant as potential
predictors of postoperative complications.'>'”'® Recently,
a few studies have addressed the issue of preoperative
biochemical markers in predicting complications after
pD. 1921

As PD continues to gain acceptance as an effective
treatment for various pathologies of the pancreatic head and
periampullary region, there is a need for further evaluation
of potential risk factors for postoperative morbidity and
mortality following PD. With an enhanced understanding of
the etiology of PD-associated morbidity, we may be able to
address preoperative factors before they contribute to
perioperative morbidity.

In the present study, we performed a retrospective
analysis from a prospective database to determine which
preoperative lab values were significant in predicting
postoperative morbidity and mortality following PD.

Material and Methods
Patients

We conducted a retrospective review of data from our
prospectively collected database of 452 patients undergoing
PD at our institution from 1990 to 2007. Patients included
in the analysis had surgery for both malignant and benign
disease and they each received standard PD with either of
two anastomotic variants: pancreaticogastrostomy (PG) or
pancreaticojejeunostomy (PJ).

Definitions

Preoperative laboratory values were obtained from the
medical record, and, in most cases, were obtained within
1 week of surgery. The primary outcome variables were
complications following PD, including pancreatic leak
(previously defined at our institution as drainage of
amylase-rich fluid three times the upper normal limit of
serum amylase 1 day after the patients began general diet
and at least 50 cc/d'®), intra-abdominal abscess (fluid from
an intraoperative drain with positive cultures or a new fluid
collection requiring drain placement), wound infection
(purulent drainage requiring wound reopening), bile leak
(any bilious drainage from the right drain placed in the
subhepatic area without regard to duration and volume of

bile), gastric leak (CT or upper gastrointestinal contrast
extravasation from the gastrojejeunostomy), and hemor-
rhage (angiographic, laboratory, or CT evidence of postop-
erative intra-abdominal bleeding). Mortality was defined as
death occurring within the first 30 days after operation or
during hospitalization.

Statistics

Preoperative lab values were analyzed as continuous
variables for frequency analyses within the study popula-
tion. Categorical variables were then created for each test
based on the statistical range of normal laboratory values
for our institution’s laboratory, and chi-square tests were
performed to assess for differences between PG and PJ
patients. The categorical laboratory test variables were then
each entered into a univariate analysis with the chi-square
statistic. Variables determined to be approaching signifi-
cance in the univariate analysis (p<0.20) were subsequently
entered into a multivariate model using binary logistic
regression with forward stepwise elimination. Evaluation of
continuous variables was conducted with the #-test and
evaluation of all categorical variables was conducted using
the chi-square test where appropriate. All statistical analysis
was performed using SPSS (v. 15.0, Chicago, IL, USA).

Results

Table 1 displays the preoperative patient characteristics of
our study population. We evaluated a total of 452 patients
over a 17-year period. The mean age at surgery for the
entire patient cohort was 64.5 (£12.6) years and 56.4% of
the patients were male. According to the data, most patients

Table 1 Patient Demographics

All patients

N 452

Male gender (%) 255 (56.4)
Mean age, years (SD) 64.5 (12.6)
Pathologies

Pancreatic cancer 195
Duodenal cancer 27
Ampullary cancer 65

CBD 31

NET 19
Pancreatitis 34

Cystic neoplasms 36

IPMN 14

Other 31

CBD Common bile duct (cholangiocarcinoma), NET neuroendocrine
tumor, Cystic neoplasms mucinous and serous cystadenomas and
cystadenocarcinomas, /PMN intraductal papillary mucinous neoplasm
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underwent PD for pancreatic cancer. The postoperative
outcomes and complications are presented in Table 2. Of
the patient cohort, 63.9% experienced no significant
postoperative complications following PD. All patients
were evaluated and assessed for each of seven different
potential postoperative complications. For the entire cohort,
pancreatic leak was the most commonly observed compli-
cation in 71 (15.7%) patients. Four (5.6%) of the pancreatic
fistulas were due to drain erosion into the pancreaticoen-
teric anastomosis. If we were to relate our data to the
International Study Group of Pancreatic Fistula (ISGPF)
definition, 44 (66%) had a grade B fistula, while 23 (44%)
had a grade C fistula that were controlled with new drains
and TPN.*

There were no statistically significant differences be-
tween patients receiving PG or PJ with respect to any of the
outcome variables (data not shown). Mortality within
30 days of PD was 1.8% for the entire study population.
Among the eight patient deaths, one was due to acute
respiratory distress syndrome, one was subsequent to an
anoxic brain injury after cardiac arrest, one was due to
massive intraoperative blood loss, two were secondary to
postoperative bleeding following pancreatic leak, one was
secondary to uncontrolled sepsis following pancreatic leak,
one was due to hemorrhage from a gastric ulcer, and one
was a death from suicide. Three of the eight deaths reported
involved pancreatic leak.

Table 3 illustrates the univariate analyses of potential
risk factors for postoperative morbidity and mortality for
the study population. According to the data, an elevated
preoperative aspartate aminotransferase (AST) was associ-
ated with a lower incidence of postoperative complications
when compared to those patients with normal AST levels
(»=0.03). Additionally, a higher proportion of postopera-
tive complications was demonstrated in those patients with
a normal alkaline phosphatase when compared to patients
with elevated preoperative levels of alkaline phosphatase

Table 2 Postoperative Outcomes and Complications

All patients

Zero complications (%) 289 (63.9)
Postoperative complications (%)

Death 8 (1.8)
Pancreatic leak 71 (15.7)
IAA 28 (6.2)
Wound infection 21 (4.6)
Hemorrhage 9 (2.0)
Bile leak 9 (2.0)
Gastric leak 3(0.7)
Other 21 (4.6)

Some patients had multiple complications
1I4A Intra-abdominal abscess, Other small bowel obstruction, DVT,
and pulmonary complications
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Table 3 Markers for Morbidity and Mortality following PD:
Univariate Analysis

Number Morbidity p Mortality p
OR value OR value

Hgb (<14) 323 0.16 1.6 NS
Hct (<40) 267 1.3 NS 23 NS
Plt (<150) 29 1.1 NS 2.7 NS
Wbe(>10) 68 0.9 NS 2.4 NS
BUN(>22) 41 1.0 NS 2.3 NS
Cr(>1.5) 17 1.3 NS - NS
ALT(>40) 218 0.7 0.10 - NS
AST(>40) 213 0.6 0.03 0.2 NS
Alk Phos 267 0.6 0.03 0.7 NS
(>110)

Total Bili 212 0.7 0.09 0.2 NS
(=1.5)

Alb (<3.6) 177 0.9 NS 0.2 NS
Blood loss 153 1.5 0.04 2.6 NS
(>1,000 cc)

Stent 290 0.7 NS 1.6 NS

Hgb Hemoglobin, Het hematocrit, Plt platelets, Whc white blood cell
count, BUN blood urea nitrogen, Cr creatinine, ALT alanine
aminotransferase, AST aspartate aminotransferase, Alk Phos alkaline
phosphatase, Total Bili total bilirubin, A/b albumin, Blood Loss
intraoperative blood loss, Stent preoperative biliary stent

(p=0.03). We performed a subset analysis of those
patients experiencing a postoperative complication to
evaluate whether primary pathology differed between
normal and elevated alkaline phosphatase groups. Patients
experiencing a complication who had normal alkaline
phosphatase levels were more likely than those with
elevated alkaline phosphatase levels to have primary
tumors other than pancreatic adenocarcinoma (p=0.002)
(data not shown). Intraoperative blood loss >1,000 cc was
also found to be significantly associated with increased
rates of complications following PD (p=0.04). Similar
trends were observed with respect to total bilirubin and
ALT, but the results were not statistically significant (p=0.09
and p=0.10, respectively). Interestingly, low preoperative
albumin was not associated with increased rates of compli-
cations (p=0.74). None of the studied variables was
significantly associated with mortality following PD.

Each of the variables considered to be approaching
statistical significance in the univariate analyses (»p<0.20)
was then entered into a multivariate binary logistic regres-
sion. The results are depicted in Table 4. Of the variables
entered into the regression model, an elevated alkaline
phosphatase was found to be associated with lower rates of
postoperative complications following PD (OR=0.5, p=
0.01). Additionally, preoperative anemia (OR=2.1, p=0.01)
and significant intraoperative blood loss >1,000 cc (OR=1.9,
p=0.01) were each independently associated with increased
postoperative morbidity. In an effort to evaluate potential
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Table 4 Markers for Morbidity following PD: Multivariate Analysis

Morbidity OR p value
Hgb (<14) 2.1 0.01
ALT (>40) 1.2 NS
AST (>40) 0.7 NS
Alk Phos (>110) 0.5 0.01
Total Bili (>1.5) 0.8 NS
Blood loss 1.9 0.01

(>1,000 cc)

Hgb Hemoglobin, ALT alanine aminotransferase, 4ST aspartate
aminotransferase, Alk Phos alkaline phosphatase, Tofal Bili total
bilirubin, Blood loss intraoperative blood loss

predictors of mortality following PD, we performed an
additional regression with mortality as the outcome variable,
but none of the variables reached statistical significance in
the analysis (data not shown).

Discussion

As recent studies have shown over the last three decades,
morbidity and mortality after PD has dramatically de-
creased since the procedure’s inception.” ' Several reports
have illustrated this decrease in high volume centers, and in
our present study we experienced a postoperative morbidity
and mortality rate of 36.1% and 1.8%, respectively. As PD
continues to be the only definitive operation available for
various pathologies of the pancreatic head and periampul-
lary area, it becomes more important for surgeons to be
able to recognize preoperative etiologies of post-PD
complications.

A few previous studies have evaluated the role of
abnormal preoperative biochemical markers in postopera-
tive complications following PD. In a recent analysis,
Winter et al.>° found that a preoperative BUN >18 mg/dL
and a preoperative albumin <3.5 g/dL were each indepen-
dently significant predictors of postoperative complications.
The authors previously found that a preoperative hypo-
albuminemia was independently associated with postoper-
ative mortality as well.'* Preoperative serum albumin levels
as a predictor of operative mortality and morbidity has also
been shown by others.>*?° Other studies have found
evidence linking elevated preoperative creatinine with an
increased risk for post-PD complications. "’

In the present study, we found no such relationship
between preoperative hypoalbuminemia or elevated BUN
and increased rates of postoperative complications follow-
ing PD, but we did find that elevated preoperative alkaline
phosphatase was significantly associated with decreased
rates of complications in a multivariate analysis. An
intrinsic, albeit non-specific, marker for inflammation

within the biliary tree, an elevated alkaline phosphatase
reflects a disease process that more acutely involves
damaged or inflamed biliary anatomy. Tumors located in
this area might be more likely to cause obstructive
symptoms, and thus patients with this type of pathology
might be detected at an earlier stage of disease and may
consequently have improved post-surgical outcomes.

However, elevated alkaline phosphatase could also serve
as a proxy for a double duct sign which would be
associated with a firm to hard pancreatic texture that would
hold sutures better. Based on our subset analysis of those
patients with a post-PD complication, fewer patients with
normal alkaline phosphatases had pathologies consistent
with pancreatic primary tumors when compared to those
patients with elevated alkaline phosphatases. Accordingly,
those patients with a complication and a normal alkaline
phosphatase most likely had a soft pancreatic remnant.
Conversely, those patients with a complication and an
elevated alkaline phosphatase most likely had a hard
pancreatic remnant because, as a group, they had a higher
percentage of pancreatic primary tumors. A hard pancreas
may lead to a larger duct which would provide a
mechanical advantage for reanastomosis during PD and
this advantage could be contributing to the lower incidence
of postoperative complications seen in patients with
elevated alkaline phosphatase in our population. This larger
duct phenomenon could also be applied to the biliary
system, in that larger ducts, allow for easier anastomosis.
Several previous studies have found that a soft pancreatic
remnant with non-dilated pancreatic ducts (<3 mm in
diameter) is independently associated with increased rates
of pancreatic leak following PD.'7-*>2°

The management of the soft pancreatic remnant after PD
remains a subject of considerable debate.’ Lillemoe et al.*®
studied the effect of fibrin glue in cases with small ducts
and a soft pancreatic remnant. They found that while fibrin
glue did not prevent a leak, the leak rate was reduced from
30% in controls to 26% in the fibrin glue group. Wada and
Traverso>> studied whether better vision with the operating
microscope when compared to surgical loupes would
reduce the leak rate in internally stented duct to mucosa
PJ after PD. They found that in the soft gland with small
ducts, the 23% leak rate using surgical loupes was reduced
to 4% with the microscope. Poon et al.*® studied the
external drainage of the pancreatic duct with a stent to
reduce the leak rate of PJ after PD. In this prospective
randomized study, a subset analysis of the soft pancreatic
remnant found a leak rate of 12% in the stented group
versus 30% in the non-stented group. Billingsley et al.”'
reported a 0% leak rate in 227 consecutive patients with PJ
following PD, irrespective of the texture of the pancreatic
remnant. Strasberg et al.”’ found that optimizing the blood
supply of the edge of the pancreatic remnant was a key to
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decreasing the leak rate. A randomized controlled trial
comparing each of the above surgical techniques to each
other would be one way to resolve this debate surrounding
the management of the soft pancreatic remnant.

Our findings with respect to the association between
preoperative anemia, intraoperative blood loss, and in-
creased complications is in accordance with much of the
surgical literature. Carson et al.>* reported on the effect of
anemia and cardiovascular surgical mortality and morbidity
in 1,958 patients who, for religious reasons, refused all
blood transfusions. They found that low preoperative
hemoglobin was associated with an increased risk of death
or serious morbidity. This was seen more often in those
patients with cardiovascular risk. Wu et al®' studied
preoperative hematocrit levels and postoperative outcomes
in older patients undergoing non-cardiac surgery. They
found that even mild degrees of preoperative anemia were
associated with increased 30-day postoperative mortality
and cardiac events in mostly older male veterans. Neither of
the two above studies had any patients having PD. Healthy
adults have been shown to adapt to anemia by an increase
in cardiac output and oxygen extraction and decrease in
vascular resistance.’’ In the elderly patient, however,
cardiac reserve is diminished and subclinical coronary
disease may exist that would blunt the physiologic response
to anemia.>' Because they are more often elderly, it would
therefore make sense to optimize preoperative hemoglobin
and hematocrit levels and to minimize intraoperative blood
loss in those patients undergoing PD.

Spence et al.’>? studied 107 consecutive Jehovah’s
Witness patients who underwent major elective surgery.
They found that mortality was 3.2% in patients whose
preoperative hemoglobin levels were greater than 10 g/dL
and 5% in patients whose hemoglobin was 6—10 g/dL.
Mortality was significantly increased with an estimated
blood loss of greater than 500 mL regardless of the
preoperative hemoglobin level. In our PD population, we
found that patients with intraoperative blood loss greater
than 1,000 cc had increased rates of postoperative compli-
cations when compared to those patients with less blood
loss.

The strengths of the present study are the large number
of patients in the database giving support to our conclusions
that preoperative anemia, normal liver function tests, and
significant intraoperative blood loss are associated with
increased postoperative morbidity following PD. There are,
however, some limitations to our study. Although the data
was collected prospectively, the study is retrospective in
nature. We included only the most recent preoperative lab
data from each patient, but it is possible that there are
varying amounts of time between lab collection and surgery
for each patient. In addition, patients with elevated alkaline
phosphatases may represent earlier stages of disease at
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detection and at treatment, and thus our findings may
represent an element of selection bias as well.

Conclusion

The results from the present study of 452 patients
demonstrate that low preoperative hemoglobin, a normal
preoperative alkaline phosphatase, and significant intra-
operative blood loss are independent predictors of postop-
erative complications following PD. Despite the existing
evidence, it remains important for future studies to continue
to evaluate the etiologies of post-PD complications. As PD
continues to be the accepted method for resection of both
benign and malignant disease of the pancreatic head and
periampullary area, it is crucial for surgeons to be able to
anticipate and, eventually, prevent increased postoperative
morbidity. As more and more patients undergo PD, a better
understanding of the role of preoperative laboratory
markers is essential to prevent or to be more vigilant of
postoperative complications.

This study brings awareness of the complications that
patients undergoing PD may face in relation to their
preoperative laboratory values. Obviously, abnormal liver
function tests (LFTs) cannot be induced in patients to
achieve better outcomes after PD. We feel that abnormal
LFTs may be a sign of local fibrosis and pancreatic
hardening, which may be induced primarily by the patient’s
pathology and possibly by preoperative stenting in these
patients. In patients with normal LFTs and a soft pancreatic
remnant a randomized study comparing stenting of the
pancreatic duct to no stenting following PD is needed.

In patients who have extensive cardiac histories, hemo-
globin should be optimized, or liberal use of intraoperative
blood transfusions may be used to decrease rates of
complications. Our study showed patients with hemoglobin
levels above 14 had decreased incidence of complications.
This value would be difficult to achieve in patients with
chronic diseases, such as cancer. We plan on further
studying both of the above ideas.
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Discussion

Preoperative Liver Function Tests and Hemoglobin will
Predict Complications Following Pancreaticoduodenectomy

L. William Traverso, M.D. (Seattle, Washington): You

presented 452 Whipple operations which at Loyola is a
respectable 1.8% mortality rate in a high-volume center as
defined at Loyola as 27 cases per year. You did not tell us
how many surgeons performed these operations so we do
not know if this is a high-volume single surgeon at a high-
volume hospital. Your Whipple specific outcomes were a
16% pancreatic anastomotic leak rate and a 6% intra-
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abdominal abscess rate. Using univariate analysis you then
showed that an increased AST and on both univariate and
multivariate analysis an increased alkaline phosphatase
were associated with complications, so they were inversely
proportional. Normal LFTs meant higher complications,
which is difficult to initially get your hands around, but
after reading the manuscript I have an idea why that was.
Then you showed that increased blood loss of over a liter
was associated with increased complications—now that
makes sense. Then you did a subset analysis in the
manuscript that showed that cases with increased alkaline
phosphatase and therefore lower complications were those
patients that were more likely to have pancreatic cancer and
therefore have larger ducts and therefore the anastomotic
leak rate would be less.

What was missing from the manuscript and would be
really helpful to critique it was that you took a continuous
variable like alkaline phosphatase, converted it to a
categorical variable and then used Chi square analysis.
With this method you lose a lot of sensitivity. It may be that
the elevation of alkaline phosphatase, whether it was
minimal or very high, would help to make this very
confusing finding of normal LFTs being associated with
increased complications—I do not really think we can say a
whole lot about that at the moment, other than go along
with your speculation that increased incidence of pancreatic
cancer, meaning increased fibrosis and big ducts meant
lesser complications and associated with higher LFTs. What
would be helpful is if you stated what the incidence of a
soft gland or a small main pancreatic duct of less 3 mm.I
would like to quibble a little bit about your leak definition.
Why didn’t you use the International Study Group leak
definition? That has been published and could have been
used. Your definition was an elevated amylase in the drain of
over three times normal at a day when the patient was eating
solid food, so that would miss a lot of the increased amylase
levels that you see after day 3, 4 and 5 that the International
Study Group picks up. This makes more distribution of your
cases and therefore you can analyze it better and may have
shown why the alkaline phosphatase might have been
associated with complications, yes or no.

Let’s get beyond that. How about an operative blood loss
of greater than 1,000? Why did you choose that number? At
Hopkins 750 ml is associated with lower survivorship and
in Seoul, Korea, it is about 500 ml. Why did you choose a
liter? Why not also do continuous variable analysis rather
than categorical analysis there?

There are some patient-based issues that we can deal
with: anemia, and you suggested taking care of those
preoperatively; higher blood loss, that’s a surgeon-based
thing. Let’s improve operative technique so that we never
can have a blood loss over a value which as yet you have
not told me what it should be to minimize complications.

@ Springer

As you can imagine what is missing from the current
manuscript is the mean estimated blood loss. What was it?
Were just a few cases over a liter per operation?

This potpourri of outcomes and preoperative lab values
after a Whipple operation is a very important thing to do
because, as Dr. Low at the podium last year described, with
esophagectomy, it is not about mortality any more—your
mortality is very low. It is hard to see any association with
mortality when you only have a couple cases, but when you
have a lot of morbidity then you can see the associations if
you drill down enough.

Very nice job on your presentation.

Christopher D. Hughes, M.D. (Maywood, IL, USA):
Thank you for your review, Dr. Traverso.

As you mentioned, we did divide the patients with
complication between those with normal alkaline phospha-
tase and those with elevated alkaline phosphatase. We
found that significantly more patients with elevated alkaline
phosphatase had pancreatic carcinomas, and we postulated
that the elevated enzyme could thus be serving as a proxy
for a hard and fibrotic pancreatic remnant and that might
explain some of the lower leak rates that we observed in
that patient population. Because this was a retrospective
analysis, we unfortunately do not have the data on
intraoperative remnant texture or duct size for each of our
patients.

However, we also speculated that the increase in
preoperative alkaline phosphatase might be acting as a
marker for damaged or inflamed biliary anatomy. We could
therefore be seeing an effect of early detection bias, as
patients with tumors in this location could be presenting
earlier with symptomatic obstruction and could be benefit-
ing from earlier treatment of their cancers.

With respect to your point about the classification of the
pancreatic leak, we used the same endpoints that we have
used in previous publications with data from our institution.
The International Study Group Classifications were pub-
lished in 2005, and our study encompasses data from as far

back as 1990.
With respect to mean intraoperative blood loss, I do not

have that data for you today. We did perform a subset
analysis with varying cutpoints, both 500 and 750 cc. We
did not find the lower blood loss values to be significant,
but we did find significance with the 1,000 cc. Furthermore,
we did an analysis to see if there was any significant
difference based on pathology between patients and the
amount of blood that they lost intraoperatively, but we did
not find any associated difference.

Lygia Stewart, M.D. (San Francisco, CA, USA): One
quick question. You did not find any correlation with
albumin. Can you comment? Did you give your patients
preoperative or postoperative nutrition with tube feeds or
any kind of enteral-based formulas?
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Dr. Hughes: We did not give any supplemental
nutrition.

Colin D. Johnson, M.D. (Southampton, England): There
are two explanations for why someone has a normal
alkaline phosphatase. It may be normal all the time or
there may have been biliary obstruction which has been
relieved. Can you tell us whether any of these patients with
a normal alkaline phosphatase had preoperative biliary
drainage?

Dr. Hughes: We did look at preoperative biliary drainage
as a yes/no variable and whether or not that was associated
with increased rates of complication. We did not find any
association in that respect.

Gerard V. Aranha, M.D. (Maywood, IL, USA): Just to
clear things up if I might, Dr. Traverso. When the alkaline
phosphatase is normal the pancreatic remnant is usually soft
and the primary pathology is not pancreatic cancer. Since it
is a retrospective study, we cannot tell you about the texture
of the remnant or the size of the pancreatic duct. We are
looking at both these parameters now as part of the
international study you are conducting.

As far as the definition goes, that is the one that we have
used since 1990. The International Study Group definition
was released in 2005. Our future publications will list our
pancreatic fistulae following pancreaticoduodenectomy
according to the International Study Group definition.
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Abstract

Background To assess the prognostic significance of nodal microinvolvement in patients with carcinoma of the papilla of Vater.
Methods From 1993 to 2003 at the University Clinic Hamburg, 777 patients were operated upon pancreatic and periampullary
carcinomas. The vast majority of patients were operated upon pancreatic ductal adenocarcinoma (n=566, 73%), followed by
carcinomas of the papilla of Vater (n=112, 14%), pancreatic neuroendocrine carcinomas (=39, 5%), intraductal papillary
mucinous neoplasms (n=33, 4%), and distal bile duct carcinomas (=27, 3%). Fresh-frozen tissue sections from 169 lymph
nodes (LNs) classified as tumor free by routine histopathology from 57 patients with RO resected carcinoma of the papilla of
Vater who had been spared from adjuvant chemotherapy were immunohistochemically (IHC) examined, using a sensitive
IHC assay with the anti-epithelial monoclonal antibody Ber-EP4 for tumor cell detection. With regard to histopathology, 39
(63%) of the patients were staged as pT1/pT2, 21 (37%) as pT3/pT4, 30 (53%) as pNO, while 38 (67%) as G1/G2.
Results Of the 169 “tumor-free” LNs, 91 LNs (53.8%) contained Ber-EP4-positive tumor cells. These 91 LNs were from 40
(70%) patients. The mean overall survival in patients without nodal microinvolvement of 35.8 months (median—not yet
reached) was significantly longer than that in patients with nodal microinvolvement (mean 16.6; median 13; p=0.019).
Multivariate Cox regression analysis for overall survival revealed that grading was the most significant independent
prognostic factor (p=0.001), followed by nodal microinvolvement (p=0.013).

Conclusions The influence of occult tumor cell dissemination in LNs of patients with histologically proven carcinoma of
the papilla of Vater supports the need for further tumor staging through immunohistochemistry.

well as the distal common bile duct carcinomas. The
incidence of the carcinoma of the papilla of Vater is four
new cases per 100,000 persons per year and is almost
fivefold lower than the incidence of the pancreatic cancer.
However, on autopsy, the detection of carcinoma of the
papilla of Vater is almost 0.2%. Although these tumors

Keywords Carcinoma of the papilla of Vater -
Nodal microinvolvement - BEr-EP4

Introduction

The term periampullary carcinoma is a common term used
for description of carcinomas originating from the papilla of
Vater, the periampullary region of the pancreatic head as
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predominantly develop sporadically, the risk of carcinoma
of the papilla of Vater development is extremely high in
patients with familial adenomatous polyposis (FAP)'~* and
the Gardner syndrome® where the lifetime risk is almost
100%. The adenoma to carcinoma sequence in the
development of the carcinoma of the papilla of Vater,
similarly to the colorectal carcinoma, is already proved and
goes over several steps. In patients with FAP, the region of
the papilla of Vater is the second most frequent place for
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tumor development,4 after colorectum, so the patients who
already had protective proctocolectomy has to be under
close follow-up for early detection of tumor of the papilla
of Vater.

The carcinoma of the papilla of Vater is often mismatched
with the pancreatic ductal adenocarcinoma, since sometimes
even histologically, it is not possible clearly to distinguish
whether the primary tumor originates from the papilla of
Vater or from the pancreatic head. However, one has to
discriminate these two types of tumors since the carcinoma
of the papilla of Vater has considerably better overall
prognosis than the pancreatic ductal adenocarcinoma.

The detection of cholestasis and painless jaundice is
often an early symptom in these patients, unlike in the
patients with pancreatic ductal adenocarcinoma, where the
jaundice is a late sign. Gastric outlet obstruction is frequently
a late symptom and regularly a sign of inoperability.

The prognosis for patients with carcinoma of the papilla
of Vater who undergo resection has been shown to be
determined by both the pathologic and molecular character-
istics of the resected tumor. Stage, grade, and resection
margin status are currently accepted as the most accurate
pathologic variables predicting survival.”~’ Pathologic stag-
ing only insufficiently reflects the individual risk to develop
tumor recurrence which is even higher in early tumor stages.

Early metastatic relapse after complete resection of an
apparently localized primary lesion indicates that dissemi-
nated tumor cells, undetectable by current methods, may
already have been present at the time of surgery. Occult
residual tumor disease is suggested when either bone
marrow or lymph nodes from which tumor relapse may
originate are affected by micrometastatic lesions undetect-
able by conventional histopathology.® The clinical signifi-
cance of antibodies against tumor associated targets both in
lymph nodes’ '? and in bone marrow'""'? is still controver-
sially discussed.'""'*"** Various monoclonal antibodies are
in use for micrometastatic detection, thus contributing to
the incongruity of data and validity of results. These assays
have been rarely used in patients with carcinoma of the
papilla of Vater.”> Recently, our group showed that
immunohistochemical staining with the monoclonal anti-
body Ber-EP4 is a sensitive and specific method for
detecting isolated or clusters of tumor cells in lymph nodes
from patients with lung,'® esophageal,”® or pancreatic
carcinomas.’'** Ber-EP4 is an antibody against two
glycopolypeptides of 34 and 49 kD on the surface and in
the cytoplasm of all epithelial cells (except parietal cells,
hepatocytes, and the superficial layers of squamous
epithelium).

The present study was intended to increase our knowl-
edge gained in the previous studies on lymph node
micrometastasis. In patients with carcinoma of the papilla
of Vater, the risk to develop tumor relapse in pN1 patients is

overall greater than in pNO patients. However, we have
shown that further risk stratification for patients with
histopathological involvement may be performed according
to their immunohistochemical status. The primary aim of
this study was to assess the role of immunohistochemically
detectable micrometastases in lymph nodes of an unselected
group of patients with “curatively” resected carcinoma of
the papilla of Vater.

Materials and Methods

The local ethical committee of Hamburg approved this study.
Informed consent was obtained from all patients before
inclusion in the study. From1993 to 2003 at the University
Clinic Hamburg, 777 patients were operated upon pancreatic
and periampullary carcinomas. The vast majority of patients
were operated upon pancreatic ductal adenocarcinoma
(n=566, 73%), followed by carcinoma of the papilla of
Vater (n=112, 14%), neuroendocrine carcinoma (7=39, 5%),
intraductal papillary mucinous neoplasms (=33, 4%), and
distal bile duct carcinoma (n=27, 3%).

The most frequent surgical procedure in the treatment of
patients with carcinomas of the papilla of Vater was
pancreatoduodenectomy (n=110), followed by pancreatic
preserving duodenectomy (n=2, for pTis). Lymph node
dissection was performed as previously described by
Pedrazzoli et al.”’ A total of 2,039 lymph nodes were
removed with a median number of 18 (range five to 39)
lymph nodes per patient. Tumor stage and grade were
classified according to the sixth edition of the tumor—node—
metastasis classification of the International Union against
Cancer”™® by investigators unaware of the immunohisto-
chemical findings.

Fresh-frozen tissue sections from 57 patients with RO
resected carcinoma of the papilla of Vater who had been
spared from adjuvant chemotherapy were immunohisto-
chemically (IHC) examined, using a sensitive IHC assay
with the anti-epithelial monoclonal antibody Ber-EP4 for
tumor cell detection. Among all histopathologically nega-
tive lymph nodes, 169 were selected in a representative
fashion as described most recently for subsequent immu-
nohistochemical screening.”’

Follow-up evaluations at 3-month intervals in the first
12 months and afterwards every 6 months in the first
5 years included a physical examination, abdominal
ultrasonography, and computed tomography of the abdo-
men. Out of all 57 patients studied, the vital status in 54
patients could be determined at the end of the study.

With regard to histopathology, 39 (63%) of the patients
were staged as pT1/pT2, 21 (37%) as pT3/pT4, 30 (53%)
as pNO, while 38 (67%) as G1/G2. One patient was
excluded from the survival analysis because he died
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within 90 days after surgery. From nine patients, only
information about the date of death but not of recurrence
was available.

Tissue Preparation and Immunohistochemical Analysis

Lymph nodes were divided into two parts: one for
conventional histopathology and the other was snap-frozen
in liquid nitrogen within 3 h after their removal and stored
at —80°C until use. Only histopathologically “tumor-free”
lymph nodes were screened by immunohistochemistry with
the anti-epithelial cell monoclonal antibody Ber-EP4 (I1gG1;
Dako, Hamburg, Germany) as described previously.”' Ber-
EP4 is an antibody against two glycopolypeptides of 34 and
49 kD on the surface and in the cytoplasm of all epithelial
cells (except parietal cells, hepatocytes, and the superficial
layers of squamous epithelium). The antibody does not
react with mesenchymal tissue, including lymphoid tis-
sue.'"!"” Cryostat sections (5 to 6 pum thick) were cut at
three different levels in each node and transferred onto
glass slides treated with 3-triethoxysilylpropylamin (Merck,
Darmstadt, Germany). One section of the sample obtained
at each level was stained by the alkaline phosphatasean-
tialkaline phosphatase technique combined with the new
fuchsine stain (Sena, Heidelberg, Germany) for the visual-
ization reaction.”” In 16 control patients with nonepithelial
tumors or inflammatory diseases, lymph nodes were
consistently stained negative. Sections of normal colon
served as positive staining controls and isotype-matched
irrelevant murine monoclonal antibodies served as negative
controls (purified immunoglobulin mouse myeloma protein
for IgG1; Sigma, Deisenhofen, Germany). The slides were
evaluated in a blinded fashion by two observers working
independently (D.B., H.C.). Minimal tumor cell involve-
ment in a lymph node that was considered as tumor free by
conventional histopathological staining was defined as the
presence of one to ten positive cells in the body of the node
(Fig. 1). If more than ten cells were detected (four lymph
nodes in two patients), a hematoxylin—eosin restaining was
conducted. Under routine histology, all lymph nodes were
judged as negative.

Statistical Analysis

All statistical calculations concerning survival (overall and
recurrence-free survival) were based on the group of 57
patients who were available for follow-up. The primary
outcome measure was the 5-year survival probability.
Secondary outcomes were the incidence of local recurrence
and distant metastases of the disease. Survival was
calculated from the date of resection until the date of death
from any cause. For patients lost to follow-up, data were
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Figure 1 Immunohistochemically detected cell in the lymph node of
patient with carcinoma of the papilla of Vater.

censored on the date the patient was last seen alive.
Associations between categorical variables were assessed
using Fisher’s exact test. Survival estimates were derived
using the method proposed by Kaplan and Meier*’ and the
log-rank test was used to assess differences in survival
estimates among the groups. Point and interval estimates of the
survival probabilities at 60 months were calculated. For
comparison purposes, log-rank test and exact stratified log-
rank test were performed. Cox proportional hazards model-
ling®® was used to investigate and adjust the major prognostic
and stratification factors. p<0.05 was considered statistically
significant. Since this analysis was intended to be explor-
ative, no adjustment for multiple testing was carried out.

Results
Characteristics of Patients

Fifty-seven patients [21 (37%) women and 36 (63%) men]
with carcinoma of the papilla of Vater were included in the
study. The median age was 63 years (range 39 to 83 years,
mean 62.5 years). Table 1 shows the characteristics of patients
and tumors. A total of 169 lymph nodes classified as “tumor
free” by conventional histopathology were analyzed. Positive
cells in the sinuses, the lymphoid interstitium or in both
locations were found in 91 lymph nodes (53.8%). These 91
positive lymph nodes were found in 40 (70.2%) of the 57
patients. Whereas the presence of Ber-EP4 cells was
significantly associated with nodal metastases (pN1) identi-
fied through conventional histopathology (p=0.019), no
correlation between tumor stage and tumor grade was found.

Survival

After an average observation period of 62 months
(range 3 to 144 months, median 39 months), the
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Table 1 Characteristics of Patients and Tumors

Variable Nodal Significance

microdissemination  p

Number of
patients

40 (70.2%)
91 (53.8%)

Total patients 57
Total lymph 169

nodes

Sex 0.064
Male 36 (63%) 29 (77.8%)

Female 21 21%) 11 (57.1%)

Primary tumor 0.172
pTis 2 (3.5%) 0 (0%)

pT1 7 (12.3%) 6 (85.7%)

pT2 27 (47.4%) 20 (74%)

pT3 20 (35.1%) 13 (65%)

pT4 1 (1.8%) 1 (100%)

Lymph nodes 0.019
pNO 30 (52.6%) 17 (56.7%)

pN1 27 (47.4%) 23 (85.1%)

Histological grading 0.304
Gl 4 (7%) 1 (25%)

G2 43 (75.4%) 31 (72.1%)

G3 10 (17.5%) 8 (80%)

presence of nodal microinvolvement was associated with
significantly reduced overall survival probabilities. The
Kaplan—Meyer overall survival curve for all patients
who were stratified according to the presence or absence
of occult tumor cells in lymph nodes showed a
significant survival benefit for patients negative by
immunohistochemical methods (mean overall survival
71.5 vs. 28.6 months; median overall survival 144 vs.
23 months, 5-year survival 73.2% vs. 27.6%; 10-year
survival 62.7% vs. 0%) irrespective of the histopatho-
logical classification (pNO/pN1) of the lymph nodes
(log-rank test; p<0.008; Fig. 2).

The analysis of the subset of patients who were staged
as pNO in conventional histopathology revealed signifi-
cantly better survival rates in patients without occult tumor
cells as compared with those with nodal microinvolvement
(mean 126.4 vs. 44.1 months; median 144 vs. 28 months;
5-year survival 92.3% vs. 26.8%; 10-year survival 79.1%
vs. 0%; log-rank test; p=0.008; Fig. 3). Patients without
any nodal involvement, as excluded by both conventional
histopathology and immunohistochemistry, had an excellent
S-year overall survival probability of 92% (standard error—
11.4%). In contrast, the 5-year survival probability of pNO
patients with nodal microinvolvement (26.8%) resembled
that of pN1 patients (24.9%; log-rank test; p=0.198) and in
both groups, no patient was still alive 10 years after surgery.
The additional detection of nodal microinvolvement in other
lymph nodes classified as tumor free by routine histopathol-
ogy in patients already staged as pNI1 had no influence on
overall survival probabilities (median survival 22 vs.

p=0.008

Without nodal microinvolvement

0,6

Cum Survival

0,4

[l i e

0,24
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T T T T
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Survival in years

Figure 2 Overall survival according to the presence or absence of
nodal microinvolvement in immunohistochemistry. Median—144 vs.
23 months; mean—71.5 vs. 28.6 months; 5-year overall survival
73.2% vs. 27.6%; 10-year survival 62.7% vs. 0%; log-rank test;
p=0.008.

8 months; 5-year survival 28.4% vs. 0%; 10-year survival
0% vs. 0%; log-rank test; p=0.434, data not shown).

The crucial importance of the disseminated tumor cells
in patients with carcinomas of the papilla of Vater was
even more evident in respect to the disease-free survival.
Only one of the patients negative in both routine histology
and THC had recurrence of the disease (either local or
distant), namely 9 years after the primary surgery (5-year
disease-free survival (DFS) 100%, 10-year DFS 80%),
whereas the 5-year DFS rate in pNO but with nodal
microinvolvement was 55.6% (10-year DFS 55.6%;
p=0.023; Fig. 4) and it was not statistically different than

1,0 1
0,8 '
pPNO without nodal microinvolvement
S
E 0,6 |
=
[72]
g
a 0,44
0,24
pNO & MM- vs. pNO & MM+ p=0.008
pNO & MM- vs. pN1 p=0.001
0,04 bNO & MM+ vs pN1 p=0.198

0 2 4 6 8 10 12
Survival

Figure 3 Overall survival according to the presence or absence of
nodal metastases in conventional histology and immunohistochemis-
try. Mean 126.4 vs. 44.1 vs. 35.7 months; median 144 vs. 28 vs.
22 months; 5-year survival 92.3% vs. 26.8% vs. 24.9%; 10-year
survival 79.1% vs. 0% vs. 0%.
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pNO & MM- vs. pN1 p=0.021
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Figure 4 Disease-free survival according to the presence or absence
of nodal metastases in conventional histology and immunohistochem-
istry. Mean 138.1 vs. 57.4 vs. 59.3 months; S5-year disease-free
survival 100% vs. 52.3% vs. 55.6%; 10-year disease-free survival
80% vs. 52.3% vs. 55.6%.

in patients already staged as positive in routine histology
(5-year DFS 52.3%; 10-year DFS 52.3; p=0.981).

Apart from nodal involvement assessed either by
histopathology or immunohistochemistry, the comparison
of survival curves revealed also significant differences
with respect to grading when G1,2 tumors were
compared to G3 tumors (median survival time—49 vs.
8 months; log-rank test; p=0.001).

Multivariate Analysis

Multivariate Cox regression analysis for overall survival
revealed that nodal microinvolvement together with
histological grading were the most significant indepen-
dent prognostic factors analyzed (Table 2). With respect to
S-year overall survival, nodal microinvolvement had a
relative risk of 5.677 (95% confidence interval—1.157 to
27.857; p=0.032), as compared with negative findings in
immunohistochemistry. G3 tumors had a relative risk of
2.883 as compared with G1/2 tumors (95% confidence
interval—1.068 to 7.777; p=0.037). Age, sex, nodal
involvement, and tumor stage had no independent prog-
nostic influence on overall survival. The analysis of the
interaction between pN status, nodal microinvolvement,
and grading did not reveal that the proportional assumption
was violated. Hence, the Cox model appeared appropriate
and grading followed by nodal microinvolvement remained
the two most important prognostic variables also in the
subset of pNO patients.

Discussion

Since most of the patients with carcinoma of the papilla
of Vater develop jaundice early in their course, almost

@ Springer

80% to 90% of all patients are still operable at the time
of presentation. The 5-year survival rates, independent
from the tumor stage, are between 21% and 61%.°'~?
Not surprisingly, together with the resection margin status,
the nodal infiltration defined by routine histology has a
significant influence on overall prognosis, and, almost
always, the patients burdened with residual disease develop
a recurrence (local or distant). Sometimes, even patients
staged as free of residual disease (RO and NO) develop
recurrence. The question that arises is: can we enhance the
staging system and identify the patients under higher risk
for recurrence?

The key finding of this study is that isolated tumor cells,
detectable in lymph nodes by immunohistochemical anal-
ysis, are strong independent prognosticators in patients with
carcinomas of the papilla of Vater. We have analyzed
patients with carcinomas of the papilla of Vater who did not
receive any adjuvant radio-, chemo-, or radiochemotherapy.
In the group of patients staged as node negative by routine
histology, two subsets could be identified: one subset with a
poor 5-year survival probability of 27% (10 year 0%)
which was close to that of patients with overt nodal
involvement (pN1; 5 year 25%, 10 year 0%), the other
subset without nodal microinvolvement had a much better
prognosis with a five-year survival probability of over 92%
(10 year 79%), suggesting that immunohistochemistry can
confirm the cardinal importance of occult tumor cells for
the separation of the respective survival curves in pNO
patients. In patients who were already staged as node
positive (pN1), the detection of occult tumor cells in the
rest of the “tumor-free” lymph nodes had no prognostic
significance. This finding was in contrast with previous
observations of our group showing that survival is
significantly worsened in esophageal,”® pancreatic,?'*°
and nonsmall cell lung carcinoma'® when histopathological
pN1 status is accompanied with nodal microinvolvement.
Basically, pN1 status in solid tumors is considered as a
local disease which can be potentially cured with surgery,
although it generally carries a higher risk of systemic
dissemination than pNO status.

Table 2 Multivariate Analysis

Significance ~ Exp(B)  95.0% CI for
Exp(B)
Lower  Upper
Histological grading 0.037 2.883 1.068 7.777
Nodal 0.032 5.677 1.157 27.857
microinvolvement
Nodal involvement 0.136 4.678 0.615 35.614

(PN)
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The contemporary studies of the influence of the
adjuvant therapy in patients operated upon carcinomas of
the papilla of Vater have mostly showed no significant
advantage in relation to patients submitted only to surgical
resection. Nakano et al. have studied the influence of
preoperative radiotherapy vs. surgery alone and no signif-
icant benefit was found.” Also the combined radiochemo-
therapy (local radiation combined with systemic 5-Fu)
showed no berleﬁt,34 as was the case with the intensified
radiochemotherapy (5-FU + Leucovorin + EBRT).” Al-
though chemoradiation and/or chemotherapy for adjuvant
treatment of carcinoma of the papilla of Vater may have
severe side effects,” in common clinical practice, it is in
most instances applied irrespective of tumor stage. This
reflects the distrust in the value of conventional tumor
staging nomenclature in terms of reliably predicting the risk
of tumor relapse even in patients with early pancreatic
cancer (T1, NO). Our data indicate that immunohistochem-
ical assessment of lymph nodes can be used to refine the
staging system for carcinoma of the papilla of Vater and
might help us to identify patients who could not be cured
by surgery alone and need adjuvant therapy. In turn,
patients who are true node negative both in histopathology
and in immunohistochemistry have an excellent 5-year
survival probability of nearly 93%, even without chemo-
therapy. Whether this prognosis can be further improved by
adjuvant therapy needs to be discussed.

The percent of the detected tumor cells in lymph nodes
with THC methods in our cohort was surprisingly high,
higher than in other tumor collectives (esophageal, pancre-
atic, and lung carcinoma—17%, 42%, 53%, respectively).
A similar percent of affected lymph nodes with nodal
microinvolvement was reported by Hosch et al.’” in
esophageal carcinoma (71%).

The detection of nodal microinvolvement even in the
early tumor stage (pT1—85%) doubt the validity of local
therapeutic regimens (like ampullectomy or local excision)
already proposed by some.’® Demetriades et al.’’ assume
the local excision in early tumor stage (pT1) as adequate,
not paying attention to lymph node involvement. On this
line are also the findings from Beger et al.*® who showed
that even the patients staged as pTis or pT1 without nodal
involvement will benefit from the lymphadenectomy. Yoon
et al.* already described the ampullectomy as unacceptable
in the treatment of early carcinomas of the papilla of Vater,
since the recurrence rate of 18.2% was too high. Further-
more, without formal lymphadenectomy, the patients cannot
be scrutinized according to the nodal involvement (conven-
tional or IHC) and, thus, the patients at need for adjuvant
chemotherapy will not receive the adequate therapy.

The local growth of the tumor and the potential for
developing distant metastasis are completely independent

processes.*’ Therefore, the detection of nodal micro-
involvement by IHC in patients within early tumor stage
can be an early prognostic sign of tumor dissemination,
and, therefore, an important prognosticator in patients with
carcinomas of the papilla of Vater. Muhlhofer et al.*' have
examined the immunohistochemically detected cells in
patients with RO-resected esophageal carcinoma and have
found out that the detection of disseminated cells is not
correlated with lymphovascular tumor infiltration. It is
therefore obvious that not all disseminated tumor cells have
the potential to grow into an overt metastasis. This is also
an indicator that not only the absolute number of
disseminated tumor cells but also the biological attributes
of the homing organ have an important if not the crucial
role in the process of homing the tumor cells and
development of overt metastasis. Evidence exists that
disseminated tumor cells can remain in a dormant state in
the local environment and then develop into overt metas-
tases when the environmental conditions are right.>>***
At the end as a conclusion, one can draw several points:

+ Patients operated upon carcinomas of the papilla of
Vater have much better prognosis than patients operated
upon pancreatic ductal adenocarcinoma

e The detection of nodal microinvolvement has a signif-
icant influence on overall survival in patients operated
upon carcinomas of the papilla of Vater

* Local types of therapy (ampullectomy, duodenectomy)
in patients operated upon carcinomas of the papilla of
Vater is insufficient in the treatment of patients operated
upon carcinomas of the papilla of Vater
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Discussion

Nodal Microinvolvement in Patients with Carcinoma of the
Papilla of Vater Receiving No Adjuvant Chemotherapy

A. James Moser, M.D. (Pittsburgh, PA): It was really a
pleasure to read your manuscript, Dr. Bogoevski. It was as
clear and concise as the rest of your presentation. In looking
at the manuscript, I was struck by a few observations,
particularly by the observation that patients with pathologic
T1 lesions had a significant incidence of nodal disease that
wasn’t detected by standard methods. I was hoping you
could comment on three relatively brief questions that came
to mind as I reviewed your manuscript.

The first is that you suggest in the discussion section of
your manuscript that nodal involvement reflects localized
disease. If that is the case, are you suggesting that radical
nodal dissection is the treatment for nodal micrometastases
and, if so, should we be evaluating lymph nodes by rapid
molecular techniques intraoperatively, as has been proposed
for the treatment of melanoma?

Dean Bogoevski, M.D. (Hamburg, Germany): Thank
you for your remarks and thoughtful comments. I would
like to point out two different things. First of all, in
previous studies published by our group concerning
patients with pancreatic ductal adenocarcinoma, we were
able to show that even patients staged as node positive
(pN1) on routine histology but who were additionally
burdened with nodal microinvolvement had significantly
worse overall survival probabilities than the patients who
were staged as node negative without nodal microinvolve-
ment. This means that probably the detection of nodal
microdissemination is a sign of generalization of the
disease. On contrary, in the group of patients with carcinoma
of the papilla of Vater the patients staged as node positive
and additionally burdened with nodal microinvolvement, no
significant worsening of the survival was recorded in
comparison to pN1 but without nodal microinvolvement.

On the other hand, as you already mentioned, in the group
of patients histologically staged as pTl1, the detection of
nodal microinvolvement was far higher than in patients with
pancreatic ductal adenocarcinoma, even higher than 85%. It
might be that in patients with carcinoma of the papilla of

Vater, the dissemination of the cells starts early, but they
probably stay dormant and do not have that capacity to
develop themselves into a nodal metastasis. One can only
speculate that that is the reason why these patients have
better overall survival probabilities of 12 years’ median
survival vs. 2—1/2 in pancreatic ductal adenocarcinoma.

Concerning your second comment, I have noting to add
and I agree that we need to concern different molecular
markers for detection of nodal microinvolvement.

Dr. Moser: You started to touch on my second question.
Can you share some data on the patterns of first sites of
recurrence in patients with nodal micrometastases? The
question that comes to mind is whether micrometastasis is
really a marker of rapid distant progression, as I think you
just suggested, or are nodal micrometastases evidence for
persistent local disease?

Dr. Bogoevski: As you can realize, we have examined
only three lymph nodes per patient. Actually, we have
conducted this study in a manner that we have divided the
lymph nodes in three different compartments: The superi-
or—anterior compartment concerning here the lymph nodes
at the celiac trunk, the common hepatic artery, and the pre-
pancreatic lymph nodes, the lymph nodes at the hepato-
duodeal ligament, and then the posterior—inferior compart-
ment with the lymph nodes from interaortocaval
compartment and the lymph nodes around the superior
mesenteric artery.

We were able to show, as well as in patients with
pancreatic ductal adenocarcinoma, that there is no typical
mode of dissemination of the cells. I mean, sometimes
nodal microdissemination was detected even in the inter-
aortocaval lymph nodes. So there is no pattern for
dissemination of these tumor cells.

Dr. Moser: My last question concerns your statement
that the group is homogeneous because no patients received
adjuvant treatment. In fact, the rate of node positivity was
somewhere between 85—100% for every pathologic T stage.
In light of your data, do you believe that all patients with
ampullary cancer should receive adjuvant treatment when
immunohistochemistry is not available given the likelihood
that all negative nodes are actually positive? And how do
you reconcile that statement with prior trials, for example,
EORTC, among others, that did not show a benefit of
adjuvant treatment for patients with ampullary cancer? Do
you have any ideas on that subject?

Dr. Bogoevski: Unlike in pancreatic ductal adenocarci-
noma, the pointed EORTC study did not show any benefit
for patients with carcinomas of the papilla of Vater. I am not
quite sure, but my personal opinion is that the additional
chemotherapy in this group of patients, the chemotherapy
that is now available, is fully questionable.

Dr. Moser: The best outcome would be for everybody in
the room who treats these diseases to agree to do a study.
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Your study of 112 patients is a large series, but accrual took
10 years. An SSAT-wide effort would be very revealing. It
really is amazing that the five-year survival rate of node
positive patients, meaning the vast majority, is really only
27%. So although ampullary cancer is better than pancreatic
cancer, I don’t think any of us in the room would want it.

@ Springer

Dr. Bogoevski: It will be much better.

Frank Makowiec, M.D. (Frieburg, Germany): Do you
know the costs of the additional examinations (i.e.
immunohistochemistry) for each lymph node?

Dr. Bogoevski: No. I'm sorry about that. That’s out of
my range. Sorry.
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Abstract

Introduction Recently, many surgical procedures have become regionalized in the United States, likely owing to research
demonstrating a relationship between volume and outcome. We sought to describe patient characteristics and outcomes
according to hospital volume along with patterns of regionalization for hepatic resection in Canada from 1995 to 2004.
Methods Discharge data from all hospitals across Canada except Quebec were obtained from the Canadian Institute for
Health Information for 1995-2004. All patients undergoing a hepatic resection were identified using ICD-9 and ICD-10
codes. High-volume hospitals were defined as those performing ten or more procedures per year.

Results A total of 9,912 patients (mean age 59 years) underwent hepatic resection. The proportion of procedures performed
at high-volume hospitals increased from 42% in 1995 to 84% in 2004. Overall mortality rate for the study period was 5.0%
which decreased over time. Mortality rates were higher at low-volume (6.1%) compared to high-volume centers (4.6%), but
this finding was not statistically significant (p=0.7451). Those factors predictive of mortality in a multivariate analysis
included age, gender, year of operation, operative indication, comorbidity score, and admission status.

Discussion Mortality rates have significantly improved. Hospital volume is not a significant predictor of mortality
following liver resection in Canada.

Keywords Hepatic resection - Canada - Mortality -
Hospital volume - Outcome
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Introduction

Liver resection (LR) is now considered the mainstay of
therapy for selected patients with primary and secondary
hepatobiliary malignancy and the only effective treatment
for a variety of benign hepatic diseases.' As a result of the
attendant risks and the complexity of the procedure, LR has
been the focus of much recent study with respect to health
care delivery.® !

There have been calls for the regionalization of certain
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complex procedures; this has been driven by evidence
showing that there is a strong correlation between hospital
volume and outcome for complex surgical procedures.®
13:16222 Byrther work has gone on to estimate the potential
lives that could be saved from the selective referral of
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several types of elective surgeries to high-volume cen-
ters.'®!”** Despite such evidence from the United States
(US), it remains controversial; so