
LETTERS TO THE EDITOR

Clinicopathologic
Factors Associated With
False-Negative Sentinel
Lymph-Node Biopsy in

Breast Cancer

To the Editor:

The University of Louisville Sentinel
Lymph Node Study (a multi-institu-

tional prospective observational study) has
made major contributions to our knowl-
edge about the feasibility, indications, tech-
nique, and learning curve for sentinel lymph
node (SLN) biopsy in breast cancer. Its par-
ticular strength is its breadth; by drawing
on the experience of more than 300 sur-
geons performing more than 4000 SLN
biopsy procedures in practice setting rang-
ing from university teaching institutions to
rural hospitals, it has been preeminent in
establishing that SLN biopsy works in the
“real world.”

SLN biopsy is falsely negative (FN)
in about 5% of node-positive and (depend-
ing on the proportion of node-positive
cases) in about 2% of all patients. A very
large study is therefore required to iden-
tify with statistical significance those fac-
tors that might contribute to FN results. In
a recent report,1 the Louisville group have
addressed this issue and in the process
have raised as many questions as answers.

As they have shown before, FN
were significantly more frequent when
only 1 SLN was removed,2 a strong argu-
ment for removal of all blue and hot SLN,
not just the first one. As they have also
shown before, FN were more frequent for
inexperienced surgeons, and their present
data interestingly suggest that the “learn-
ing curve” may constitute as few as 4
cases, compared with their earlier estimate
of 20 cases.3 This result matches the ex-
perience of others4 and is consistent with a
gradual maturation of the SLN biopsy
technique.

Their observation that FN were
more frequent for smaller tumors is harder
to explain, and is discordant with their
earlier finding that the FN rate was unre-
lated to tumor size.5 It is equally unclear
why FN were more frequent with upper
outer quadrant tumors. Finally, their ob-
servation that FN were more frequent with

the use of immunohistochemical (IHC)
staining makes no sense at all; increased
pathologic scrutiny of the SLN can only
act to increase the sensitivity of the exam-
ination (thereby decreasing the FN rate).
This is confirmed by a detailed collective
review of the SLN literature, comparing
27 studies using hematoxylin and eosin
staining alone with 8 studies using hema-
toxylin and eosin plus IHC, with FN rates
of 8% and 3%, respectively (P � 0.006).6

Since the Louisville study did not re-
quire a standardized pathology technique,
it would be interesting to see a direct
comparison of all clinicopathologic fea-
tures for the IHC versus no-IHC cases to
see if some other variable could explain
this counterintuitive result.

The larger problem may lie else-
where. Cases with incomplete data auto-
matically “drop out” of multivariate anal-
yses, and this may explain some of the
perplexing results above. While their
study purports to involve 4116 patients
and 3869 successful SLN biopsy proce-
dures by more than 300 surgeons, exami-
nation of the data tables indicates that
while SLN and axillary node status were
known in all cases, tumor size was miss-
ing in 33%, and all of the other clinico-
pathologic features were missing in 65%
of cases. This pattern of missing data
strongly suggests that the University of
Louisville data consist of two distinct
groups: one (comprising about 1340 pa-
tients) in whom complete and detailed
information was collected for each case,
and another (comprising the remaining
two thirds) which recorded the barest min-
imum of data (SLN and axillary node
status only). If, as appears to be the case,
the authors are really reporting the results
of a minority subset rather than the entire
experience of their study, then how can we
be sure that this subset is truly representa-
tive? Asked another way, are we seeing
the collective results of more than 300
surgeons in a broad range of practice set-
tings, or those from a selected subset of
surgeons and institutions?
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Reply:

In reply to Dr. Cody’s concern’s re-
garding incomplete data, Tables 1 and

2 present the data only from with pa-
tients with false-negative (FN) and true-
positive (TP) results. This total is 1361
patients. The footnote statements at the
bottom of both tables state that the num-
ber of patients in each category should
total 3870. This statement is incorrect, and
is the reason for the confusion. In actual-
ity, Tables 1 and 2 are missing only a
small number of patients in each category.
We apologize for this confusion, and have
submitted an erratum that explains this
error. Nonetheless, these mistakes affect
neither the analysis of the data nor the
conclusions reached by this study. Please
be assured that the University of Louis-
ville Breast Cancer Sentinel Lymph Node
Study is not fundamentally flawed by a
preponderance of missing data (as is evi-
dent in our numerous other publications).

We agree with Dr. Cody that, in
theory, “increased pathologic scrutiny”
by IHC analysis of SLN should increase
the sensitivity for detection of nodal
metastasis and reduce the FN rate. We
were therefore surprised at the finding
that IHC was, if anything, associated
with an increased FN rate. Although we
do not have a simple explanation for this
finding, it has been checked many times
to assure accuracy. The data are the data,
and no amount of explanation will change
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the results. It is possible that our findings
are related to the lack of standardization
of IHC performance and interpretation
throughout all institutions that were in-
volved in the study. We agree with Dr.
Cody that our results do provide more
questions than answers regarding IHC, but
unless the long-awaited results from two
large prospective studies indicate that mi-
crometastases detected by IHC analysis
are clinically significant, IHC should not
be performed for routine SLN analysis.

The association of upper outer quad-
rant (UOQ) tumors with an increased FN
rate was initially evaluated in a report by
Chao et al,1 which demonstrated a signif-
icantly higher FN rate when compared
with other tumor locations. This has been
a consistent finding during our study. Un-
like the finding with IHC, however, the
fact that UOQ tumor location is associated
with a greater FN rate has an intuitive
explanation: injection of radioactive col-
loid (especially peritumoral injection) in
the UOQ often makes gamma probe de-
tection of SLN in the adjacent axilla very
difficult because of the high degree of
background radiation or “shine through.”
This tumor location has proved the most
challenging for surgeons who are learning
SLN biopsy.

We agree with Dr. Cody that the
results regarding FN rate and tumor size
are in disagreement with our prior report.2

However, results from large clinical stud-
ies are not always constant with increasing
sample size. Dr. Cody is familiar with this
phenomenon, as the Memorial Sloan-Ket-
tering group initially reported that SLN
biopsy was more accurate for T1 tumors,3

then in a later analysis found that this was
not the case.4 Our prior report included
1436 patients, while the current analysis
involves 4131 patients. However, the re-
sults are not so dissimilar as they may
appear. Our current analysis showed no
significant relationship between FN rate
and tumor size when categorized by T-
stage; tumor size was only significant
when you split tumor size into categories
of �2.5 cm versus �2.5 cm. Admittedly,
this statistical finding may have little clin-
ical implication.

Regardless, our study indicates that
the most practical thing one can do to
reduce the FN rate is to increase surgeon
and institutional experience with this tech-
nique. This allows SLN biopsy to be per-

formed with an acceptable FN rate for
most breast cancer patients.
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Is There Really a
Survival Benefit of SDD

in Burns?

To the Editor:

We were impressed by the interesting
study on selective decontamination

of the digestive tract (SDD) recently re-
ported by de La Call et al in a large
population of burned patients.1 We are
fully aware of the tremendous work that
was required to carry out such a random-
ized trial. This study addresses an impor-
tant and unresolved issue. However, after
careful analysis of the data, we question
some of the authors’ conclusions.

The observed reduction of mortality
in SDD recipients is likely to be caused by
factors other than SDD. Indeed, consider-
ing the classic determinants of burn mor-
tality, especially age,2 the placebo group
appears to be more severely injured. The
age difference between groups was nearly
significant (P � 0.06), which may have a
substantial impact on expected mortality.
In addition, the surface of the burns tended
to be larger with slightly more inhalation
injuries in the control group: this corre-

sponds potentially to 3 points on “Ryan’s
score.” Indeed, elderly patients with inha-
lation tend to die early, which was typi-
cally the case in this study: 5 placebo
patients died during the first week (before
any expected effect of SDD), and further 6
during the second week. As these factors
have a major impact on survival of severe
burn patients,2 the reported mortality rate
difference may disappear after adjustment,
which was not apparently done in the study,
where only raw mortality was reported.

The conclusion that SDD reduces
the incidence of pneumonia in severe burn
patients should also be modulated. Ac-
cording to the data, SDD reduced only the
pneumonia defined by the authors as “pri-
mary endogenous.” As the median time to
the first pneumonia episode was 3 days,
this effect can be almost exclusively at-
tributed to the intravenous administration
of a third generation cephalosporin (cefo-
taxime) for 4 days after admission.3 Al-
though included in most SDD regimens,
considering its potential negative impact
on the ecology of microorganisms,4 the
choice of a third-generation cephalosporin
for initial prophylaxis remains question-
able. This may have contributed to the
high rate of multiresistant microorganisms
reported “secondary pneumonia were in-
variably caused by MRSA or AGNB.”

In contrast, SDD had no impact on
pneumonia defined as “secondary endog-
enous.” Although 17 days was the median
delay before their development, the micro-
organisms isolated strongly suggest that
the oropharyngeal and digestive applica-
tion of nonabsorbable antimicrobials only
have a limited effect restricted to Pseudo-
monas aeruginosa. The absence of effect
on bloodstream and on wound infections,
which are typically caused by enteral mi-
croorganisms,5 scored by the authors as
“secondary endogenous” also suggests
that SDD was of limited efficacy.

As in other studies, SDD may have
promoted the emergence of MRSA-re-
lated pneumonia.6,7 In addition, the micro-
biologic profile reported in the patients
suggests that infection prophylaxis and
control might be improved in this partic-
ular burn unit, contrasting with the concept
of SDD promoted by one of the coauthors of
the study.8

Accordingly, we wonder if both the
title and conclusions of the study are ap-
propriate, since they may constitute an

Post-scriptum: Predicted mortality in Table 1
probably refers to reference 18 (Ryan) and not
to reference 16 (van Saene).
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overinterpretation of the data. As a conse-
quence, we will continue to refrain from
systematic SDD in burn patients admitted
into our specialized ICU until more data
are provided.

Philippe Eggimann, MD
René L. Chioléro, MD

Wassim Raffoul, MD
Pierre Voirol, PhD

Mette M. Berger, MD, PhD
Surgical Intensive Care Unit and Burn

Center
Plastic & Reconstructive Surgery
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Reply:

We read the letter by Eggimann et al
and are pleased to have the oppor-

tunity to clarify their interpretation of the
results of our randomized controlled trial
to asses the efficacy of SDD in severely
burned patients.1

We agree that there was an imbal-
ance in the distribution of some variables
related to mortality between test and con-
trol groups. Therefore, we reported in the
sections Statistical Analysis (p. 426) and
Results (p. 427; paragraph Mortality) the
crude risk ratio of mortality �0.33 (95%
confidence interval �CI�, 0.13–0.85)� and
the adjusted risk ratio using a multivariate
Cox regression model �0.25 (95% CI,
0.08–0.76)�. Apparently, Eggimann et al
ignored these data. The mortality data
were adjusted using expected mortality,2

and similar results were obtained after
adjusting using variables usually included
in the predictive models of mortality (age,
body surface burn, full-thickness burn,
and inhalation): risk ratio, 0.27 (95% CI,
0.09–0.85). Therefore, the conclusion
about the impact of SDD on mortality is
clinically and statistically correct.

There are 55 RCTs on SDD and 10
meta-analyses of SDD-RCTs. All but two
meta-analyses have demonstrated a signif-
icant survival benefit in patients receiving
SDD using parenteral and enteral agents.
There was an impact on mortality, but
not significant as the sample size was too
small in the Kollef3 and Safdar et al4

meta-analyses. Despite the consistent sur-
vival benefit of SDD in its entirety, the
latest fad of the SDD antagonists concerns
the relative contribution of the parenteral
and enteral components to the reduction of
morbidity and mortality. The 55 RCTs
were not designed to assess the relative
effect of the two major components of
SDD. Our conclusion �last but one para-
graph of the article, p. 429� “Whether the
prevention of primary endogenous infec-
tions by the parenteral cefotaxime compo-
nent only reduces the mortality to the
same extent as the full SDD protocol, can
only be answered in a RCT in which paren-
teral cefotaxime is compared with enteral
polymyxin/tobramycin/amphotericin B”
is in line with the results of all SDD trials
and meta-analyses. But uncertainty of the
weight of the parenteral and enteral con-
tribution does not justify withholding a
treatment that saves lives.

Eggimann et al question the choice
of third-generation cephalosporin, cefo-
taxime, as parenteral component of SDD.
They believe that cefotaxime selects mul-
tiresistant aerobic Gram-negative bacilli
�AGNB� and methicillin-resistant Staphy-
lococcus aureus �MRSA�, due to its dis-

regard for the patients’ ecology. The par-
enteral and enteral antimicrobials of the
SDD protocol mainly target AGNB. The
recent Dutch RCT, the largest to date with
approximately 1000 patients, evaluated ce-
fotaxime and polymyxin/tobramycin/am-
photericin B on antimicrobial resistance
among AGNB as the primary endpoint.5

The Amsterdam RCT demonstrated that
carriage of AGNB resistant to imipenem,
ceftazidime, ciprofloxacin, tobramycin,
and polymyxins occurred in 16% of SDD
patients compared with 26% of control
patients with a relative risk of 0.6 (95%
CI, 0.5–0.8). Fair enough, the SDD pro-
phylaxis is not active against MRSA.
Of the 55 RCTs on SDD, there are 5
RCTs6–10 conducted in ICUs where
MRSA was endemic at the time of the
trial, so they report a trend toward higher
MRSA carriage and infection rates in pa-
tients receiving SDD. However, cefo-
taxime was not used in the French RCT.6

Cefotaxime was given to both arms, test
and placebo, in the Barcelona7 and Cape
Town8 RCTs. The Innsbruck investigators
gave intravenous ciprofloxacin.9 The Bel-
gian RCT used cefotaxime.10 These data
suggest that the enteral component exerts
selective pressure rather than the paren-
teral cefotaxime.

SDD was designed in the early
1980s, when MRSA was not such a wide-
spread problem. Nowadays, MRSA is a
global problem, in particular, in intensive
care units such as our burn ICU. The
addition of enteral vancomycin to the clas-
sic SDD is required to control MRSA in
ICUs with endemic MRSA.11,12 Enteral
vancomycin was introduced into our burn
ICU on the strength of the data of this
RCT in severely burned patients.1 The
relative risk of acquiring MRSA at any
site was 0.22 (95% CI, 0.15–0.34), and in
the lower airways 0.07 (95% CI, 0.03–
0.19), without the emergence of vancomy-
cin-resistant enterococci or S. aureus with
intermediate sensitivity to vancomycin.

Eggimann et al made a valid point
about the relative failure of SDD �25%� in
preventing secondary endogenous infec-
tions due to AGNB. We believe that this is
an important finding that in severely
burned patients the efficacy of SDD in not
100%. The fourth paragraph of the section
Discussion �p. 428� describes the possible
causes of the SDD failures in this partic-
ular severely ill patient population.
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Our RCT demonstrates that, at
present, the best available evidence is that
SDD saves 1 burn patient for every 5
treated without harmful side effects. From
an ethical point of view, withholding a
life-saving therapy would be unacceptable
to our patients.

Miguel A. de La Cal, MD
E. Cerdá, MD, PhD

Department of Critical Care Medicine
Hospital Universitario de Getafe

Madrid, Spain

Hkf van Saene, MD, PhD
Department of Medical Microbiology

University of Liverpool and Royal
Liverpool Children’s NHS Trust
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Prevention of
Intra-abdominal

Adhesions Using the
Antiangiogenic COX-2

Inhibitor Celecoxib

To the Editor:

We read, with avid attention and close
interest, the carefully performed study

of Greene et al,1 demonstrating that peri-
operative COX-2 inhibitors may attenuate
adhesion formation in an experimental mu-
rine model. This seems entirely in keeping
with the known antiangiogenic effects of
these drugs and the up-regulation of COX-2
that is known to occur in adhesion-associ-
ated tissues and, especially, fibroblasts.
However, we are somewhat concerned
that the authors did not extrapolate fur-
ther from their realizations that adhesion
formation is “like all types of wound
healing” and that “it may aid in healing”
and include formal assessment of surgi-
cal wound healing in their protocol. This
omission is particularly apparent given that
the authors admit awareness of the fact
that other antiangiogenic agents have been
previously precluded from further investi-
gations as anti-adhesion agents because
of their effects on wound healing among
other problems. Additionally, there exists
a considerable body of literature that sug-
gests that COX-2 may function more in a
pro-restorative role after tissue injury than
in a purely pro-inflammatory capacity. In
particular, these anti-inflammatory agents
in general (and COX-2 inhibitors in par-
ticular) are known to delay the healing of
gastric ulcers2 as well as intestinal muco-
sal injuries3 and bone fractures4 and have
also been shown (by our own group5 and
others6) to markedly affect the integrity of
colonic anastomoses in experimental set-
tings similar to that used in this current

study. Furthermore, this specific area of
concern regarding their safety can be ex-
panded to include the authors other con-
tentions that “celecoxib and rofecoxib are
known to be safe even when taken in high
doses chronically” and that “clinical trials
(now) need to be performed to confirm the
(their) beneficial properties in reducing
intra-abdominal adhesions.” Unfortunately,
it has been recently realized that exactly
the opposite is true, and the considerable
cardiovascular toxicities induced by these
agents have led to the withdrawal of rofe-
coxib and labeling precautions being as-
cribed to other related compounds.7,8

In defense of the authors, however,
it may well be that (rather than selective
referencing or incomplete background re-
search) their study has been superseded by
clinical and experimental realizations that
have occurred sometime between its ini-
tial submission and entry in to the public
domain (a consideration supported by their
most recent reference listed being from
2003). Acknowledgment of this lag-time
in the section devoted currently to corre-
sponding author details may go some way
toward facilitating a reader’s appreciation
of the current relevance of experimental
findings. However, in cases such as this,
when manuscripts are, perhaps, more sig-
nificantly undermined but by their lack of
an up-to-date discussion of the clinical
relevance of their hypothesis than by their
study design or analytical performance, it
would seem prudent allow the authors a
late right of review of their manuscript or,
at least, a prefacing statement to avoid
misleading conclusions to be transmitted
to the casual reader.

Ronan A. Cahill, AFRCSI
Department of Surgery

Cork University Hospital
Cork, Ireland

rcahill@rcsi.ie
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Reply:

Recent revelations about unwanted side
effects of COX-2 inhibitors have re-

ceived much publicity since the submis-
sion of our manuscript in November 2003.
Specifically, it appears that the long-term
use of COX-2 inhibitors increases the risk
for adverse cardiovascular events.1–3 Our
studies in small animals showing that
COX-2 inhibitors inhibit intra-abdominal
adhesions, presumably through their anti-
angiogenic and antifibroblastic propertve
not yet been translated to humans. As a
result, we can only speculate about how
our conclusions relate to the current events
regarding COX-2 inhibitors.

It appears that the risk of cardiovas-
cular events in humans taking COX-2 in-
hibitors is associated with the type of
COX-2 inhibitor, the population taking the
drug, duration of exposure, and the dose of
the drug. For example, patients taking ro-
fecoxib have a greater risk of myocardial
infarction compared with patients receiv-
ing celecoxib.4 Elderly patients as well as
patients with comorbidities such as rheu-
matoid arthritis, colorectal cancer, and
coronary artery disease also have an in-
creased risk of cardiovascular events while
taking COX-2 inhibitors.1,3,5,6 Higher doses
of celecoxib are associated with a greater
chance of adverse cardiovascular events.3,6

Finally, most studies have shown compli-
cations only after the long-term use of
COX-2 inhibitors over several months.1–3,6

While COX-2 inhibitors increase
the risk for adverse cardiac events, they do
not appear to inhibit wound healing. Evi-
dence suggests that COX-2 inhibitors can
selectively inhibit adhesion formation and
weaken colonic anastomosis.7,8 This par-
adigm is also illustrated among other an-

giogenesis inhibitors. For example, en-
dostatin inhibits tumor growth but will not
inhibit wouing or liver regeneration.9 Va-
sostatin does not affect wound healing at
doses sufficient to inhibit tumor growth.10

Furthermore, we have not appreciated
wound healing difficulties in animals
treated with COX-2 inhibitors.

Because all drugs have a toxicity
profile, their risks must be weighed against
the potential benefits to the patient. Pa-
tients at risk for adhesions may be a new
cohort particularly suited for COX-2 in-
hibitors because of a potentially low risk
to benefit ratio. First, because the perito-
neal lining is reepithelialized within 6
days, and only 10 days of treatment was
required to obtain long-term adhesion pre-
vention in our study, human subjects would
not appear to require long-term COX-2
inhibitors to prevent adhesions. Second, it
is likely that routine doses of COX-2 in-
hibitors would be required for efficacy in
humans, thus minimizing the increased
risk of cardiovascular events associated
with high doses used for treating dis-
eases such as rheumatoid arthritis. Third,
different COX-2 inhibitors may possess
better risk to benefit ratios for treating
adhesions. For example, current evidence
suggests that celecoxib would be superior
to rofecoxib for the treatment of adhe-
sions. Not only did we find celecoxib to be
more efficacious in preventing adhesions
compared with rofecoxib, presumably
because of the superior antifibroblast ac-
tivity of celecoxib, but in humans cele-
coxib also has a lower toxicity profile than
rofecoxib.4

In conclusion, COX-2 inhibitors
have a potent ability to prevent adhesion
formation in mice. If COX-2 inhibitors
are proven to be equally effective in re-
ducing adhesions in humans, then these
drugs could become routine periopera-
tive prophylaxis for patients undergoing
surgical procedures. However, the like-
lihood of an adverse cardiovascular event
with a COX-2 inhibitor must be weighed
against preventing the morbidity associ-
ated with adhesions, such as bowel ob-
structions, infertility, perforations, and
death. Despite the recent discovery of
unwanted side effects, COX-2 inhibitors
remain one of the few approved antian-
giogenic drugs. Unlike other angiogen-
esis inhibitors, however, COX-2 inhibi-
tors are particularly suited for adhesion

prevention because they are also phar-
macologically effective against postop-
erative pain.

Arin K. Greene, MD, MMSc
Mark Puder, MD, PhD

Department of Surgery
Children’s Hospital-Boston

Boston, MA
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Ischemic
Preconditioning

Impairs Liver
Regeneration in

Extended Reduced-Size
Livers

To the Editor:

In the March 2005 issue of the Annals of
Surgery, Eipel et al1 have demonstrated,

in an animal model, that ischemic pre-
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conditioning (IPC) reduces the extent
of liver regeneration after 70% partial
hepatectomy (PHx), and reduces survival
after 90% PHx. They concluded that, with
a reduced liver mass, IPC may be danger-
ous. We would like to support their con-
cerns on the effect of IPC on liver regen-
eration.

The mechanism of liver regener-
ation after PHx has a reparative/in-
flammatory basis,2 and IPC has been
shown to reduce inflammatory re-
sponse.3 We have evaluated the effect
of isolated IPC-type stimulus (without
further ischemia) on hepatic regenera-
tive activity.

In our experimental group, 10 min-
utes of ischemia of right and caudate lobe
of rat liver was followed by 10 minutes of
reperfusion before 70% PHx by removal
of median and left lobe (n � 6). The
control group underwent 70% PHx only
(n � 6). Bromodeoxyuridine index 24
hours after PHx showed reduced regener-
ative activity in the IPC group. Liver
weight was higher in controls, but this was
not statistically significant.

Our data support the findings of
Eipel et al, with short periods of isch-
emia followed by reperfusion impairing
liver regeneration after PHx, in a differ-
ent but related model. Clinical applica-
tions of IPC should be restricted to pa-
tients with adequate functional mass
until the mechanism relating IPC to liver
regeneration has been clarified.

Mohammed M. Habib, MBBS,
MSc, FRCS*

Clare Selden, PhD†
Humphrey Hodgson, DM, FRCP†

Brian R. Davidson, FRCS*
m.habib@medsch.ucl.ac.uk

*University Department of Surgery
†Department of Hepatology and

Gastroenterology
Royal Free and University College

Medical School
University College London

Royal Free Hospital
London, United Kingdom
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Reply:

We appreciate the insights provided
by the results of Dr. Habib, dem-

onstrating that liver regenerative capac-
ity is deteriorated in animals undergoing
ischemic preconditioning (IPC) of the
liver prior to 70% hepatectomy without
concomitant vascular clamping.1 These
data are in line with our previous report2

on impaired proliferation of livers that
underwent IPC and 70% hepatectomy
under strict inflow occlusion.

This is an astonishing, but not im-
perceptible, interpretation that IPC,
which has been shown to provide bene-
ficial anti-inflammatory effects,3 might
interfere with the hepatic regenerative
capacity, as this proliferative response
might initially be dependent on inflam-
matory environment, inevitably inherent
to the surgical trauma upon liver resec-
tion. In line with this, a recently pub-
lished review based on a Medline search
by Banga et al using the key words
“ischemic preconditioning,” “ischemia-
reperfusion injury,” “transplantation,”
and “hepatic resection” concludes that
IPC reduces the severity of ischemic
reperfusion injury in several animal
models and in recent human trials.4

However, there remains still the ques-
tion to be answered why the liver bene-
fits from IPC in patients with adequate
functional liver mass, but not upon ex-
tended-reduced size.

Stress protein heme oxygenase-1
(HO-1) confers the protection against a
variety of oxidant-induced cell and tis-
sue injuries and has been reported to be
significantly up-regulated in the human
liver within minutes upon IPC.5 Most
recently, it has additionally been shown
that cobalt-protoporphyrin-induced HO-1
overexpression improved regeneration of
livers upon 70% hepatectomy and tempo-
rary inflow occlusion.6 At first sight, this
is in obvious contrast to what we just
learned from animals1,2 and human stud-
ies7 opposing the application of IPC in
extended liver resection. However, these
conflicting results might be attributed to
the fact that ischemic preconditioning,
induced by vascular clamping, is not

fully mimicked by pharmacologic up-
regulation of HO-1 and comprises sev-
eral other seemingly proliferation-im-
peding events. In line with this view, it
has been shown that IPC lowered tran-
scription levels of immediate early
genes, namely, c-fos and c-jun,8,9 known
to be critical elements in the process of
cell proliferation.10 There is ample evi-
dence that cells fail to respond to prolif-
erative signals after the blockade of Fos,
the protein product of c-fos.8 STAT-3
and MAP-kinase cascade, being acti-
vated by the binding of cytokines such
as TNF and IL-6, control the intracel-
lular signal transduction pathways in-
volved in hepatic regeneration.11 For
example, upon nuclear shuttling,
STAT 3 binds to the promoter of im-
mediate early genes and activates
MAPK pathway, which in turn triggers
the production of DNA synthesis pro-
teins, such as PCNA.11 While IPC-
induced repression of the early re-
sponse gene c-fos turns out to increase
ischemic tolerance of the brain12 and to pro-
tect the liver against ischemia-reperfusion
injury,8,9 we like to hypothesize that the
reduced presence of immediate early genes
levels emerges as regenerative brake and
thus as deleterious event the more the liver
mass is reduced.

In case future research will con-
firm this view, it is imperative that in-
terventions to enhance ischemic resis-
tance of the liver prior to extended
resection should focus on procedures that
do not interfere with the immediate early
genes as key players in the signal trans-
duction pathway for regeneration.

Brigitte Vollmar, MD
Christian Eipel, PhD

Department of Experimental Surgery
University of Rostock

Rostock, Germany
brigitte.vollmar@med.uni-rostock.de
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The Site of the Tumor,
Not the Type of

Operation, Determines
the Worse Prognosis

of the Low Rectal
Cancer

To the Editor:

I read with interest the paper by Marr et
al,1 stating that patients undergoing

abdominoperineal excision (APR) have
a higher local recurrence rate than pa-
tients undergoing an anterior resection
(AR), and I appreciated the accuracy of
their analysis of the surgical specimen.

As an oncologic surgeon involved
in rectal resections for many years, I
wonder why 2 operations so similar,
except for a wider margin of transection
at the distal level for the APR, yield
different oncologic outcomes.

I question whether the results of
the authors’ report, coherently with their
findings, could have a different explana-
tion. I suspect that difference in local
recurrence rate between APR and AR
simply reflects the fact we are dealing
with different tumors.

Main factors that favor the adop-
tion of an APR instead of an AR are the
distal site of the tumor (tumor of middle
or low rectum vs. more proximal tu-
mors) and the presence of a bulky mass
and/or a narrow (male) pelvis. For these
conditions, sometimes discovered dur-
ing operation, the surgeon may convert a
planned AR to an APR, but almost never
does the opposite occur.

The rectum is by definition 15 cm
long, and it is conceivable that the mean
distance from anal verge is different in
patients undergoing APR and AR.

It is well known that tumors of the
distal rectum have a poorer prognosis than
proximal ones,2,3 even because the lym-
phatic spread to the iliac and obturator
nodes (which are almost never removed
by the European surgeons) is more com-
mon in these distal tumors,4,5 and this
could account for a high recurrence rate.

As a matter of fact, some years
ago (in the premesorectal excision era),
when we reviewed our experience on
350 tumors of the middle to low rectum,
we found at the multivariate analysis a
higher risk of recurrence (2.6 times)
with AR compared with APR.6 We also
reviewed the literature comparing the
two procedures for cancer of the middle
and low rectum (11 authors, 1400 pa-
tients): in no study was there an excess
of risk of local recurrence for APR, but
three papers reported a statistically sig-
nificant increase of risk for the AR.6

Furthermore, a very recent nation-
wide revision of the long-term outcome
after standardization of rectal surgery
(November 1993 to December 1999) did
not find any difference in local recur-
rence rate after the two operations by
multivariate analysis on 3174 patients.7

The role of a bulky tumor mass or
of a narrow pelvis in determining the oc-
curence of local recurrence is difficult to
assess in quantitative terms. However,
in this study, the author attempted to
carefully measure the volume of resec-
tion and reported that total area of sur-
gically removed tissue outside the mus-

cular propria, as well as the linear
dimensions of transverse slices of tissue
containing tumor, were smaller in the
APR specimen than in the AR group.

This means, in my view, that tu-
mors were bigger in AP compared with
AR and/or the volume of resection was
by force smaller because in these distal
tumors, treated by APR, bony structures
limited wider margins of transection. In
keeping with this observation is the find-
ing of a lower left lateral measurement
in males: since the surgeon stays on the
left side of the patient, it is easier to
displace the rectum to the left (with the
left hand) while resecting the right attach-
ments (with the right hand). When the
pelvis is narrow (male pelvis, distal tu-
mors) or the tumor is bulky, or both, this
finally results in a smaller margin of tran-
section on the left.

In conclusion, I accept the find-
ings of Marr et al,1 but I think they did
not demonstrate a different curative po-
tential of the two operations; rather, the
worse prognosis of patients undergoing
APR versus the AR did not reflect a
lower radicality of the surgical proce-
dure but a more unfavorable biology and
anatomic location of tumors treated by
APR.

Federico Bozzetti, MD
Hospital of Prato

Prato, Italy
dottfb@tin.it
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Reply:

We thank the authors for their interest
and kind comments on our paper.1

We believe that several reasons
can explain the poorer survival seen
when patients undergo an APR. First,
the tumor is incompletely resected being
found at the circumferential resection
margin (CRM) up to 3 times more fre-
quently in APR than in AR, as shown in
Table 1. Incomplete resection has been
confirmed as an adverse prognostic fac-
tor in multiple studies over the last 20
years,1,6–11 strongly suggesting that this
is an important factor. Second, the fre-
quency of perforation of APRs is up to 4
times higher in APR than AR (as shown
in Table 2), and lastly the quality of
resection of APRs as judged by the sur-
gical plane of resection is poorer.4

“I wonder why two operations so
similar, except for a wider margin of
transection at the distal level for the
APR, yield different oncologic out-
comes.” We would question the validity
of this statement for the evidence of a
wider surgical margin of excision in
APRs than AR. While APR is consid-
ered a more radical operation, we must
contradict this view. We have recently
shown in an international randomized
trial that the quality of surgery in APRs

is generally poor, with one third of cases
having the resection margin in the lu-
men, submucosa, or sphincters rather
than on the surface of the sphincters or
wider using a complete levator exci-
sion.4 The mesorectal excision is also
performed less well in APRs than in
anterior resections.

We would agree with them that
the distance from the anal verge is dif-
ferent between AR and APR; however,
the studies quoted by them as showing a
biologically more aggressive lesion have
not taken into account the high CRM in-
volvement rate, the perforation rate, and
the quality of surgery in this area.

We know that some authors have
reported very low local recurrence rates
in low rectal cancer,13 suggesting that it
is possible to change the outcome in
these patients. Our suggestion is that a
change in operative technique would
yield great benefits.

The authors present new evidence
from before the era of total mesorectal
excision. The authors do not report their
CRM-positive rates from this study. In
recently reported multisite studies
from a number of European countries
of over 4000 patients (Dutch TME
study, n � 1530 patients;11 Norwegian
low rectal cancer, n � 2136 patients;3

MRC CLASICC study, n � 400 pa-
tients2), the local recurrence rates are
higher in APR than AR.

The Norwegian paper quoted14 re-
ports no difference in local recurrence but
does show a significant difference in sur-
vival between AR and APR with a higher
hazard ratio of 1.4 for risk of death with
APR. The same group report elsewhere in
2136 patients a local recurrence rate in
APs 15% versus ARs 10% and poorer
survival APs 55% versus ARs 68%.3 In
the recent study,14 both an involved CRM
and perforation have an impact on local
recurrence (HR, 1.5 and 2.4) and survival
(HR, 1.4 for both); thus, whatever is
changing the significance of local recur-
rence between these two reported series, it
does not change the importance of the
higher rates of CRM involvement and per-
foration we find in APR. The importance
of the quality of surgery is strongly em-
phasized in this quoted paper,14 with high
volume centers achieving better outcomes.

The authors state that the tumors
are bigger in APR. We agree and in our

recent study differed by 0.4 cm.4 This is
a further reason for carefully consider-
ing the management of these patients
and considering downstaging them with
preoperative therapy and wider surgical
planes. We would suggest that the nar-
row pelvis can contribute to the poor
quality of surgery of APRs that we have
recently reported. A change in operative
approach to performing the dissection
with the patient prone as performed by
Holm at the Karolinska Hospital Stock-
holm, Sweden avoids the difficulty of
deep pelvic operating. This approach is
also used by other surgeons and, we be-
lieve, should be adopted more frequently.

Tumors of the rectum do have a
slightly different biology to those of the
right colon. They have a higher rate of
p53 mutations, loss of heterozygosity
and overexpression, a higher frequency
of DNA aneuploidy, and a lower rate of
microsatellite instability. However, we
are unaware that any studies have con-
trasted the molecular biology of low
rectal cancers to those of the mid and
upper rectum. This must remain in the
realm of speculation until proven. The
lymphatic drainage from distal rectal
cancers is different from mid and upper
rectal cancers, and it is true that lateral
lymph node dissection is not routinely
practiced in the West; however, the fre-
quency of lateral lymph node metastases
is relatively low compared with the re-
ported rates of CRM involvement and
perforation in low rectal cancer. Lateral
lymph node spread may contribute to
the worse outcome, but its relative con-
tribution will be easier to dissect if the
former are minimized by improved sur-
gery and multimodality therapy.

Thus, we think that there is a rap-
idly accruing body of evidence from
Leeds,1 the United Kingdom,2,5 Hol-
land,4 and Norway3,12 that suggests we
urgently need to review the performance
of the standard APR. This may lead to
the same level of improvement of out-
come in low rectal cancer that has been
seen by the worldwide adoption of total
mesorectal excision.

Phil Quirke, BM, PhD, FRCPath
Yorkshire Cancer Research Centenary

University of Leeds
Leeds, United Kingdom

patpq@leeds.ac.uk

TABLE 1. Frequency of CRM
Involvement in Rectal Cancer by
Operation Type

APR (%) AR (%)

Marr et al1 36.5 22.3

MRC CLASICC trial2 22 10

Norwegian audit3 12 5

Dutch RT/TME trial4 29 12.2

Mercury study rectal
cancers �6 cm5

33 13

TABLE 2. Frequency of Perforation in
Rectal Cancer by Operation Type

APR (%) AR (%)

Mercury study rectal
cancers �6 cm5

13.7 —

Norwegian audit12 16 4

Dutch RT/TME trial4 13.7 2.5
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On Statistical
Reanalysis, the EORTC
Trial Is a Positive Trial

for Adjuvant
Chemoradiation in
Pancreatic Cancer

To the Editor:

Klinkenbijl et al have previously re-
ported the results of the European Or-

ganization for Research and Treatment of
Cancer (EORTC) Trial # 40891 in Annals
of Surgery.1 This trial was the second
prospective randomized multicenter trial
designed to evaluate the potential benefit
of adjuvant chemoradiation (vs. observa-
tion) for patients with resected pancre-
atic cancers. The first trial was initiated
in the United States by the Gastrointes-
tinal Tumor Study Group (GITSG) in
1974, which was slow to accrue and was
terminated early following an analysis of
the first 43 patients that demonstrated a
statistically significant survival advantage
to adjuvant chemoradiation and mainte-
nance chemotherapy in patients with re-
sected adenocarcinoma of the pancreas.2,3

The EORTC trial was a larger-powered
study designed to validate the result of the
smaller GITSG trial, and adjuvant therapy
was similar save for the fact that the

GITSG study used maintenance chemo-
therapy while the EORTC trial did not.

Unlike the GITSG trial, the EORTC
trial did not find a statistically significant
benefit to adjuvant chemoradiation. One
of several criticisms of this trial was that it
allowed enrollment of nonpancreatic peri-
ampullary adenocarcinomas, which are
well known to have better survival out-
comes when compared with adenocarci-
nomas of the pancreatic head. To address
these prepublication critiques, Klinkenbijl
et al reported statistical analyses of not
only survival in all eligible patients, but
also for the subgroups of pancreatic head
cancers and periampullary cancers sepa-
rately. When pancreatic head cancers were
analyzed as a subgroup, survival curves
demonstrated consistent separation of the
observation and treatment arms over time,
indicative of a potential benefit to adjuvant
chemoradiation (Figure 1). However, this
difference did not reach statistical signifi-
cance when tested with a two-sided log-
rank test (P � 0.099).

In retrospect, given the positive
findings of the GITSG trial, which in-
volved a similar treatment arm, a closer
examination of the statistical design used
in the EORTC trial is warranted. On re-
analysis with more appropriate statistical
methods, there is a statistically significant
benefit to adjuvant chemoradiation for pa-
tients with pancreatic head cancers. The
justification for such a reanalysis is rooted

FIGURE 1.
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in the fact that the authors of the EORTC
trial chose to use a two-sided log-rank test
for statistical analysis at the 0.05 level of
significance. However, there were no in-
dications to use such a statistical design
when this trial was conceived, and a one-
sided log-rank test would have been most
appropriate. A two-sided statistical design
is only appropriate when there are data to
suggest that the experimental therapy arm
(adjuvant chemoradiotherapy) could be
better or worse than the control arm.4 A
one-sided log-rank test is appropriate for
trials in which the experimental arm is
being tested for improvement (not detri-
ment) over the control arm (ie, when
there is no reason to believe that the
outcome of patients in the experimental
arm would be significantly worse than
the control arm).4

Given that the EORTC trial was
designed in part to validate the GITSG
study, the use of a two-sided log-rank test
was inappropriate as there was no sugges-
tion from the results of the GITSG trial
that the survival of patients in the adjuvant
chemoradiotherapy arm would be worse
than the control arm of surgery alone;
indeed, they implied a benefit. Further, in
both the GITSG and the EORTC trials,
chemoradiotherapy was safe and very well
tolerated with no suggestions that it sig-
nificantly contributed to grade 3, 4, or 5
toxicity. Therefore, a one-sided log-rank
test should have been used to test for
significance in the EORTC trial based
on the fact that the previously published
GITSG trial suggesting only a potential
benefit from treatment and no suggestion
of worsening/decreasing survival due to
treatment and/or associated toxicity. If a
one-sided log-rank test would have been
used (as would have been appropriate), the
14% improvement in overall survival at 2
years (37% vs. 23%) favoring adjuvant
chemoradiotherapy in patients with pan-
creatic head cancers would have reached
statistical significance as illustrated in Fig-
ure 1 (P � 0.049).

Given the positive results of the
GITSG and EORTC trials favoring adju-

vant chemoradiotherapy, cooperative group
protocols in the United States are conduct-
ing trials to refine adjuvant chemoradio-
therapy.5 By contrast, our European col-
leagues have concluded that the EORTC
trial and the subsequent ESPAC-1 trial
were negative trials for adjuvant chemo-
radiotherapy.6 Consequently, present Eu-
ropean cooperative group trials do not
include radiation in any experimental
adjuvant arm, which is reflective of this
difference in opinion.7 It is unfortunate
that this approach is currently being taken
because, with the reanalysis presented
above, the results of the EORTC trial
demonstrate a benefit to adjuvant chemo-
radiotherapy. Together with the results of
the GITSG trial, there is strong phase III
evidence that patients may benefit from
adjuvant chemoradiotherapy. In contrast,
the controversial results of the ESPAC-1
trial do not support a benefit, and with the
presented reanalysis of the EORTC trial,
the ESPAC-1 trial now stands alone in
this respect. Numerous criticisms of the
ESPAC-1 trial have undermined the valid-
ity of its results and have been summa-
rized previously in the literature.8–11
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Reply:

The statisticians of the EORTC at the
time did carefully design the statistical

setup. In the light of the more recent con-
firmation of our study by the ESPAC data,
it seems far fetched to go back to the very
old GITSG trial with really very few pa-
tients to still try to prove that radiotherapy
is effective. The meta-analysis of 2005
also clearly demonstrated no effect.

It is not any more relevant to argue
against the recent data by taking data from
the GITSG study performed in an ancient
time of pancreatic surgery. We recently
reanalyzed the data of our study with a
follow-up of more than 10 years and
found again no benefit of radiotherapy.
We will publish these data soon.
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